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FILTERABLE VIRUSES*

The BO-called filterable viruses, today generally called merely viruses,

are still of unknown affiliations so far as relationships to established groups

of microorganisms are concerned. They are treated here as members of

an order, consisting of 13 families, 32 genera and 248 species.

Among viruses as we know them, there are three constituent groups

that have come to be recognized, and to some extent named and classified,

through the largely separate efforts of bacteriologists, animal pathologists,

and plant pathologists. Taxonomic overlapping of the three groups,

viruses affecting bacteria, viruses having only animal hosts, and viruses

invading higher plants, can hardly be justified as yet by available evidence.

Nevertheless it has been shown that a single virus may multiply both in a

plant host and in an insect vector. This seems to dispose of the thought

that adaptation to a plant or animal environment would necessarily pre-

clude utilization of other sources of the materials needed for multiplication.

For the present it seems feasible to continue with the custom, tacitly

accepted in the past, of classifying bacteriophages separately as one

sub-group, viruses causing diseases in seed plants as a second sub-group,

and those causing diseases in animals as a third sub-group. It should be

recognized that this may prove to be only a temporary arrangement,

necessary because we have no evidence to warrant taxonomic overlapping

of the three groups and useful while we await critical investigations and

possible development of a substitute plan capable of displaying natural

relationships to better advantage. Eventually evidence may become

available to show that some bacteriophages can infect higher plants or

animals and can increase in the new environment, or that viruses known
to attack animals or plants can similarly enlarge their host ranges. Or,

there may be discoveries of common physical properties that would aid

in formulating an interlocking classification, for which at present we lack

any substantial basis.

It is of especial significance now that the three fields be unified at least

by a parallel development of nomenclature. Tow^ard this end the pres-

ent section of this supplement is directed.

* Supplement No. 2 has been prepared by Francis O. Holmes, The Rockefeller In-

stitute for Medical Research, Princeton, N. J., September, 1944. In this section,

authorities for the names of plant hosts are in general as given by Gray’s New Manual
of Botany, 7th edition, and Bailey’s Manual of Cultivated Plants, 1938 ; in each of these

standard works will be found a list of abbreviations customarily used in botany in citing

authorities for binomials.
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ORDER VIRALES Breed, Murray and Hitchens.

(Jour. Bact., 47, 1944, 421.)

Viruses. Etiological agents of disease, typically of small size and capable of

passing filters that retain bacteria, increasing only in the presence of living cells,

giving rise to new strains by mutation, not arising de novo. A considerable num-
ber of viruses have not been proved filterable; it is nevertheless customary to in-

clude these viruses with those known to be filterable, because of similarities in

other attributes and in the diseases induced. Some not known to be filterable are

inoculable only by special techniques, as by grafting or by use of insect vectors,

and suitable methods for testing their filterability have not been developed; more-

over, it is not certain that so simple a criterion as size measured in terms of filter-

ability will prove to be an adequate indicator of the limits of the natural group.

Cause diseases of bacteria, plants and animals.

Key to the suborders of order Vlrales.

I. Infecting bacteria.

Suborder I. Phagineae, p. 1128.

II. Infecting higher plants.

Suborder II. Phytophagineae p. 1145.

III. Infecting animals (insects, mammals).
Suborder III. ZoophagineaSt p. 1225.

Suborder I. Phagineae subordo novus.

Viruses pathogenic in bacteria; bacteriophages. Containing at present only one

family, the Phagaceae.

FAMILY I. PHAGACEAE HOLMES.

(Handb. Phytopath. Viruses,* 1939, 1.)

Characters those of the suborder. There is a single genus.

Genus /. Phagus Holmes.

{hoc. cit.f 1.)

Characters those of the family. Generic name from Greek phagein^ to eat.

The type species is Phagus minimus Holmes.

Note: Bacteriophagum d^Herelle (Compt. rend. Soc. Biol., Paris, 81, 1918, 1161)

a genus name applied in connection with early studies of bacteriophages, had as its

type species Bacteriophagum intestinale d'Herelle, a bacteriophage that is not now
identifiable or, more probably, a mixture of such unidentifiable bacteriophages, for

filtrates containing it were said to be capable of killing outright a culture of bacteria

{ibid.f 1160) . The genus name Bacteriophagum is, therefore, regarded as a nomen du-

bium^ if not also a nomen confusum; subsequently it was abandoned by its author, for

reasons that are not clear, in favor of the genus name Protobios d’Herelle 1924 (Im-

munity in natural infectious disease ; page 343 of authorized English edition by George
H. Smith, Baltimore, Williams &. Wilkins Co., 1924, 399 pp). Protobios protobios

* Holmes, F. 0., Handbook of Phytopathogenic Viruses, Burgess Publishing Com-
pany, Minneapolis, Minn., 1939, 221 pp.
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d’Herelle (Zoc. ctL, 345), presumably the type species of this genus, was not an ordinary

virus but was said to be non-parasitic (i.e., free-living) in nature, was capable of re-

ducing sulphur, and is not now identifiable. The genus name Protobios and the cor-

responding binomial Protohios hacteriophagus d^Herelle are therefore regarded also

as nomina duhia and are not used here. Baderiophagus Thornberry (Phytopath., SI,

1941, 23) appears to represent a variant spelling of dTIerelle^s earlier genus name; it

was not accompanied by any indication of what recognizable single bacteriophage

served as type and thus does not modify the standing of Baderiophagum.

Key to the species of genus Phagus.

I. Dysentery-coli bacteriophages.

A. Producing large plaques, 8 to 12 mm in diameter

.

1. Particle size small, 8 to 12 millimicrons.

1. Phagus minimus.

2. Particle size 15 to 20 millimicrons.

2. Phagus minor.

B. Producing moderately large plaques, 2 to 6mm in diameter, with distinct

halo.

1. Particle size 20 to 30 millimicrons.

3. Phagus parvus,

4. Phagus primarius.

5. Phagus secundarius

.

6. Phagus dysenteriae.

C. Plaques medium size, 1 to 3 ram in diameter, with distinct halo.

1. Particle size 25 to 40 millimicrons.

7. Phagus medius.

8. Phagus astridus.

D. Plaques small, 0.5 to 1.5 mm in diameter, with soft edge or narrow halo.

1, Particle size 30 to 45 millimici*ons.

9. Phagus major.

10. Phagus coli.

11. Phagus artus,

E. Plaques very small, 0.1 to 1.2 mm in diameter, with sharp edges.

1. Particle size 50 to 75 millimicrons.

12. Phagus maximum.

II. Bacteriophages attacking Agrobacterium tumefaciens Conn, Pseudomonas

solanacearvm Smith, Xanthomonas citri Dowson, Xanthomonas pruni

Dowson, Erwinia carotovora Holland, Erwinia aroideae Holland, Bac
ierium stewarti E. F. Smith.
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A. Specific for bacterial hosts named above.

13. Phagus iumoru,

14. Phagus solanacearum,

16.

Phagus citri,

16. Phagus pruni.

17. Phagus deformans.

18. Phagus contumax,

19. Phagus maidis.

III. Bacteriophages attacking Salmonella enteritidis Castellani and Chalmers.

20. Phagus enteritidis.

21. Phagus commutabilis

.

22. Phagus tertius.

23. Phagus duhius.

IV. Bacteriophage attacking Salmonella typhosa.

24. Phagus indicens.

V. Bacteriophages attacking Bacillus megatherium DeBary, Bacillus my^
coides FlUgge, and Rhizobium leguminosarum Frank.

A. Thermal inactivation at 75® C in 10 minutes in vitro.

1. Host may be freed from bacteriophage by beating at 80° C for 10

minutes.

25. Phagus tesiabilis.

2. Host retains virus even when heated at 90® C for 10 minutes.

26. Phagus indomitus.

B. Thermal inactivation at 60® C in 30 minutes.

27. Phagus subvertens.

VI. Bacteriophages attacking streptococci.

28. Phagus inepius.

29. Phagus streptococci.

30. Phagus maculans.

31. Phagus lacerans.

32. Phagus tolerans.

33. Phagus michiganensis.

VII. Bacteriophages attacking staphylococci.

34. Phagus Jragilis.

36.

Phagus intermedins.

36. Phagus caducus.

37. Phagus alpha.

38. Phagus beta.
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39. PhaguB durabilis.

40. Phagus liber.

VIII. Bacteriophages attacking vibrios.

41. Phagus cholerae.

42. Phagus celer.

43. Phagus effrenus,

44. Phagus lentus.

IX. Bacteriophages attacking Corynebacterium diphtherias Lehmann and Neu
mann.

1. Phagus minimus Holmes. (Handb.

Phytopath. Viruses, 1939, 141.) From
Latin minimus

^

least, in reference to size.

Common name : Bacteriophage S13.

Hosts : Escherichia coli Castellani and

Chalmers
;
Shigella dysenteriae Castellani

and Chalmers.

Induced disease : On plate cultures that

are uniformly covered with confluent

colonies of host organisms, this bacterio-

phage produces large cleared plaques, 8

to 12 mm in diameter, with wide shelving

edges.

Serological relationships : No cross-

neutralization reactions with bacterio-

phages C13, C36, D6, D20, C18, D3, S8,

C21,C16, and D6.

Immunological relationships: Member
of Resistance Group I.

Other properties : Particle size 8 to 12

millimicrons. Not affected by 26.3 per

cent urea solution. Little or no inactiva-

tion by 1 : 25,000 methylene blue in 2 mm
layer 20 cm from 100 candle-power light

for 30 minutes. Lysis completely in-

hibited by 0.25 per cent solution of

sodium citrate.

Literature: Burnet and McKie, Jour.

Path, and Bact., 56, 1933, 299-306, 307-

318; 37, 1933, 179-184; Burnet et al.,

Austral. Jour. Exp. Biol, and Med. Sci.,

15, 1937, 227-368.

2. Phagus minor H. (loc, cit., 141).

From Latin minor, lesser.

45. Phagus diphtherias

.

46. Phagus futilis.

Common names: Bacteriophage C13,

C8, and D44.

Hosts : Escherichia coli Castellani and

Chalmers
;
Shigella dysenteriae Castellani

and Chalmers.

Induced disease: I.arge plaques, 8 to

12 mm in diameter, with wide shelving

edges.

Serological relationships: Cross reac-

tions with bacteriophages C8 and D44
but not with bacteriophages S13, C36, D5,

D20, D13, C18, D3, S8, C21, C16, D6.

Immunological relationships: Member
of Resistance Group I.

Other properties ; Particle size, 15 to 20

millimicrons. Completely inactivated

by 1 : 25,000 methylene blue in 2 mm layer

20 cm from 100 candle-power light for 30

minutes. Specific soluble substance

formed in lysed cultures blocks phage-

antiphage reaction.

Literature: Burnet, Jour. Path, and

Bact., 56, 1933, 307-318; Brit. Jour. Exp.

Path., H, 1933, 100-108.

3. Phagus parvus H. {loc. cit., 142).

From Latin parvus, small.

Common names: Bacteriophage C36,

S18, C38, M, and C37 of Burnet.

Hosts : Escherichia coli Castellani and

Chalmers ;
Shigella dysenteriae Castellani

and Chalmers.

Induced disease : Moderately large

plaques, 2 to 6 mm in diameter, with

distinct halo.
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Serological relationships: Induces for-

mation of antibody capable of neutraliz-

ing bacteriophages S18, CSS, M, and C37,

but not bacteriophages SIS, CIS, D5,

D20, D13, CIS, D3, SS, C21, C16, or D6,

which represent distinct serological

groups.

Immunological relationships: Member
of Resistance Group I.

Other properties : Particle size, 20 to 30

millimicrons. Completely inactivated

by 1 : 25,000 methylene blue in 2 mm layer

20 cm from 100 candle-power light for 30

minutes.

Literature: Burnet, Jour. Path, and

Bact., S6, 1933, 307-31S.

4. Phagus primarius H. (loc. cit.f 143).

From Latin primarius

^

chief or first.

Common names : Bacteriophage D5,

C51,C50,and D48.

Hosts : Escherichia coli Castellan! and

Chalmers ;
Shigella dyaenteriae Castellani

and Chalmers.

Induced disease : Moderately large

plaques, 2 to 6 mm in diameter, with

distinct halos.

Serological relationships : Cross-neu-

tralization reactions with bacteriophages

C51, CoO, and D48, but -lot with SI 3, C13,

C36, D20, D13, CIS, D3, SS, C2l
,
C16, D6.

Immunological relationships : Member
of Resistance Group I.

Other properties: Particle size, 20 to

30 millimicrons. Completely inactivated

by 1 : 25,000 methylene blue in 2 mm layer

20 cm from 100 candle-power light for 30

minutes.

Literature: Burnet, Jour. Path, and

Bact., 36, 1933, 307-318.

5. Phagus secundarius H. (loc, cit.,

143). From Latin secundarius, inferior

or second.

Common names: Bacteriophage D20
and G.

Hosts : Escherichia coli Castellani and

Chalmers
;
Shigella dysenteriae Castellani

and Chalmers.

Induced disease : Moderately large

plaques, 2 to 6 mm in diameter, with dis-

tinct halo.

Serological relationships : No cross-

neutralization reactions with bacterio-

phages S13, C13, C36, D5, Dl3, CIS, D3,

SS, C21,C16, or D6.

Immunological relationships: Member
of Resistance Group II.

Other properties: Nearly all inacti-

vated by 1 : 25,000 methylene blue in 2mm
layer 20 cm from 100 candle-power light

for 30 minutes. Particle size, 20 to 30

millimicrons.

Literature: Burnet, Jour. Path, and

Bact., S6, 1933, 307-318.

6. Phagus dysenteriae H. (loc. cit.,

144). From Latin dysen/ma, dysentery.

Common names: Bacteriophage D13,

specific dysentery phage.

Host : Shigella dyaenteriae Castellani

and Chalmers.

Insusceptible species : Escherichia coli

Castellani and Chalmers.

Induced disease : Moderately large

plaques, 2 to 6 mm in diameter, with

distinct halo.

Serological relationships :
• Antiserum

to this strain is not known to be effective

against any other strain of bacteriophage

;

in particular, no cross reactions with bac-

teriophages S13, C13, C36, D5, D20, CIS,

D3,SS, C21,C16,or D6.

Immunological relationships: Member
of Specific Dysentery Resistance Group.

Other properties: Particle size, 20 to

30 millimicrons. Completely inactivated

by 1 : 25,000 methylene blue in 2 mm layer

20 cm from 100 candle-power light for 30

minutes.

Literature: Burnet, Jour. Path, and
Bact., 36, 1933, 307-318.

7. Phagus medius H. (loc. cit., 144).

From Latin medius, moderate, in refer-

ence to particle size.

Common name : Bacteriophage CIS,

C36, C26, C47, or C34.

Hosts : Escherichia coli Castellani and
Chalmers

;
Shigella dysenteriae Castellani

and Chalmers.
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Induced disease : Medium size plaques,

1 to 3 mm in diameter, with distinct halo.

Serological relationships: Cross reac-

tions with bacteriophages C35, C26, C47,

and C34, but not with S13, C13, C36, D5,

D20, D13, D3, S8, C21, C16, or D6.

Immunological relationships: Member
of Resistance Group II.

Other properties: Particle size, 25 to

40 millimicrons.

Literature: Burnet, Jour. Path, and

Bact., S6, 1933, 307-318.

8. Phagus astrictus H. (loc, cii., 145).

From Latin astrictus

^

limited, in refer-

ence to inability to lyse Escherichia coli

Castellani and Chalmers.

Common names: Bacteriophage D3;
*‘smooth** dysentery pliage.

Host: Shigella dysenteriae Castellani

and Chalmers.

Insusceptible species : Escherichia coli

Castellani and Chalmers.

Induced disease : Medium size plaques,

1 to 3 mm in diameter, with distinct halo.

Serological relationships : No cross-

neutralization reactions with bacterio-

phages S13, C13, C36, D5, D20, D13, C18,

S8, C21,C16, or D6.

Immunological relationships: Member
of Smooth Dysentery Resistance Group.

Other properties : Particle size, 25 to 40

millimicrons. Nearly all inactivated by
1 : 25,000 methylene blue in 2 mm layer 20

cm from 100 candle-power light for 30

minutes.

Literature: Burnet, Jour. Path, and

Bact., S6, 1933, 307-318.

9. Phagus major H. {loc, ciL, 146).

From Latin major, greater, in reference

to particle size.

Common name: Bacteriophage S8, L,

S28,C33.or S41.

Hosts : Escherichia coli Castellani and
Chalmers ;

Shigella dysenteriae Castellani

and Chalmers.

Induced disease : Small plaques, 0.5 to

1.5 mm in diameter, with soft edge or

narrow halo.

Serological relationships : No cmss-

ncutralization reactions with bacterio-

phages S13, C13, C36, D5, D20, D13, C18,

D3,C21,C16,or D6.

Immunological relationships: Member
of Resistance Group I.

Other properties: Particle size, 30 to

45 millimicrons.

Literature: Burnet, Jour. Path, and
Bact., S6, 1933, 307-318; Brit. Jour. Exp.

Path., 14, 1933, 100-108; Gough and
Burnet, ibid., S8, 1934, 301-311.

10. Phagus coll H. {loc. cit., 146).

From Latin colon, the colon.

Common names : Bacteriophage C21 or

C5; specific coli phage.

Host: Escherichia coli Castellani and

Chalmers.

Insusceptible species: Shigella dysen-

teriae Castellani and Chalmers.

Induced disease: Small plaques, 0.5

to 1.5 mm in diameter, with soft edge or

very narrow halo.

Serological relationships : No cross

-

neutralization with bacteriophages S13,

C13, C36, D5, D20, D13, Cl8, D3, S8,

C16, or D6.

Immunological relationships: Member
of Specific Escherichia coli Resistance

Group.

Other properties : Particle size, 30 to 45

millimicrons. Completely inactivated

by 1 : 25,000 methylene blue in 2 mm layer

20 cm from 100 candle-power light for 30

minutes.

Literature: Burnet, Jour. Path, and

Bact., 55, 1933, 307-318.

11. Phagus artus H. {loc. cit., 148).

From Latin artus, narrow, in reference to

limited host range.

Conunon names : Bacteriophage D6,

D33; smooth dysentery phage.

Host: Shigella dysenteriae Castellani

and Chalmers, smooth strains.

Induced disease: Small plaques, 0.5 to

1.5 mm in diameter, with soft edge or

very narrow halo.

Serological relationships : Not nou-
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traliied by sera specific for bacterio-

phages 813, C13, C36, D5, D20, D13, CIS,

D8, 88, C21,or C16.

Immunological relationships: Member
of Smooth Dysentery Resistance Group.

Other properties: Particle size, 30 to

45 millimicrons.

Literature: Burnet, Jour. Path, and

Bact., 35, 1933, 307-318.

12. Phagus maximus H. iJLoc, cit.y 147).

From Latin maximus^ greatest, in refer-

ence to particle size.

Common names: Bacteriophage C16,

C4, C15, C20, C32, C46, D4, D12, D29,

D63, H, J, K, and W. L. L.

Hosts : Escherichia coli Castellani and

Chalmers ; Shigella dysenteriae Castellani

and Chalmers.

Induced disease : Small plaques, 0.1 to

1.2 mm in diameter, with sharp edges.

Serological relationships : No cross

-

neutralization reaction with bacterio-

phages 813, C13, C36, D5, D20, D13, C18,

D3, 88, C21, D6, or staphylococcus bac-

teriophage Au2. Agglutinated and inac-

tivated by homologous, though not by
other, antisera. For agglutination an

original titer of 2 X 10* or higher is re-

quired; the reaction is visible to the

unaided eye after 24 hours at 50^ C and
succeeds even after inactivation by heat

(70 to 86® C for 30 minutes), formalde-

hyde, or a photodynamic dye (pro-

flavine).

Immunological relationships: Member
of Resistance Group II.

Thermal inactivation : At or below 70®

to 85® C for 30 minutes.

Other properties: Particle size esti-

mated by filtration as 50 to 75 millimi-

crons, by centrifuging as 79 to 90 milli-

microns, from photographs as 50 to 60

millimicrons. Rapidly inactivated by
26.3 per cent urea solution. Little or no

inactivation by 1:25,000 methylene blue

in 2 mm layer 20 cm from 100 candle-

power light for 30 minutes. Lysis not

inhibited by 1.5 per cent or weaker solu-

tions of sodium citrate. Thermolabile

specific soluble substance formed in lysed

cultures blocks phage-antiphage reaction.

Literature: Burnet, Brit. Jour. Exp.

Path., H, 1933, 93-100, 100-108, 302-308;

Jour. Path, and Bact., 35, 1933, 307-318;

37, 1933, 179-184
;
Burnet and Lush, ibid.,

40, 1935, 455-469; Burnet and McKie,

ibid., 35, 1933, 299-306.

13. Phagus tumoris H. (loc. cit., 150).

From Latin tumor, a swelling, in refer-

ence to association of this bacteriophage

with bacterial tumors.

Common name : Agrobacierium iume-

faciens bacteriophage.

Host: Agrobactertum tumefaciens Conn,

most strains.

Insusceptible species : Some strains of

Agrobacterium tumefaciens, Bacterium

stewarti E. F. Smith, Erwinia atroseptica

Bergey et al., E. carotovora Holland,

Pseudomonas tabaci Stapp, Xanihomonas

beticola Burkholder, X. campestris Dow-
son, X. citri Dowson, X. phaseoli Dowson
X. pruni Dowson and X. vesicatoria

Dowson.

Geographical distribution : United

States, Russia.

Induced disease : Plaques 2 to 6 mm in

diameter in 4 to 6 hours, edges of plaques

spotted, moth-eaten in appearance until

40 hours after seeding; enlargement then

stops and the edges of the plaques become

smooth, double -ringed. Infection of

plants by Agrobacterium tumefaciens is

progressively inhibited by increasing

amounts of bacteriophage in inoculum.

Thermal inactivation: At 95° C in 10

minutes (another report says 70° C, time

not recorded).

Other properties: Resists dilution to

1 : 10“
; storage at 5° C for over 25 months

;

prompt, though not gradual, drying; 1

per cent hydrogen peroxide for 72 hours

;

95 per cent ethyl alcohol for 1 hour; 70

per cent ethyl alcohol for 6 hours ; 2J per

cent phenol for 1 hour; 1 :3000 nitric acid

for 1 hour; N/64 sodium hydroxide for 1

hour.

Literature: Israilsky, Cent. f. Bakt.,
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II Abt., 67

y

1926, 236-242
;
7i, 1927, 302-

311 ; 79y 1929, 364-370; Kent, Phytopath.,

97

y

1937 ,
871-902; Muncie and Patel,

Phytopath., 20y 1930, 289-306.

14. Phagus solanacearum H. (loc. cit.y

148). From name of host.

Common name : Pseudomonas solanace-

arum bacteriophage.

Host : Pseudomonas solanacearum

Smith.

Geographical distribution : Formosa

(Taiwan).

Induced disease : Medium size plaques

on plate cultures of Pseudomonas sola-

nacearum.

Serological relationships : When in-

jected into rabbits, this bacteriophage

stimulates the production of a specific

precipitating antibody not giving cross

reactions with anti -bacterial antibodies.

Antiphagic serum inactivated at OO"* C
in 10 minutes.

Thermal inactivation: At 63° C in 10

minutes (61° C in 30 minutes; 66° C in

about 1 minute).

Other properties: Optimum tempera-

ture for increase, 34° C.

Literature : Matsumoto and Okabe,

Jour. Plant Prot., 99y 1935, 15-20; Jour.

Soc. Trop. Agr., 7, 1935, 130-139; 5, 1937,

205-213.

15. Phagus citrl H. {loc. cit.y 149).

From name of host.

Common name : Xanthomonas ciiri

bacteriophage.

Host : Xanthomonas citri Dowson, the

citrus canker organism.

Geographical distribution : Formosa
(Taiwan).

Induced disease; Lysis. This bac-

teriophage has been isolated from soil

under diseased trees, and once from
infected leaves. It may play a role in

the destruction of the citrus canker

organism in the soil.

Other properties: Optimum tempera-

ture for increase, 30° C.

Literature : Matsumoto and Okabe,

Agriculture and Horticulture, 19y 1937,

2065-2059.

16. Phagus pruni H. {loc. cit.y 151).

From name of host.

Common name ; Xanthomonas pruni

bacteriophage.

Host: Xanthomonas pruni Dowson.

Geographical distribution : United
States (from soil beneath infected peach

trees).

Induced disease: Lysis in broth cul-

tures; plaques on agar cultures, but

characteristics of plaques not described.

Other properties : Estimated diameter

11 millimicrons in broth. Resists dilu-

tion to 1:10® or more.

Literature : Anderson, Phytopath., 18,

1928, 144; Thornberry, ihid.y 95

y

1936,

938-946.

17. Phagus deformans H. {loc. cit.y

151 ) . From Latin deformarCy to disfigure

,

in reference to naalformation of infected

host cells.

Common name : Erwinia carotovora

bacteriophage.

Host : Erwinia carotovora Holland.

Insusceptible species : Agrobacterium

tumefaciens Conn, except in some early

tests with possibly mixed bacteriophages

;

Erwinia amylovora Winslow et al., E.

melonis Holland, Salmonella pullorum

Bergery ct al., S. gallinarum Bergey et

al., Shigella dysenteriae Castellani and
Chalmers, Xanthomonas pruni Dowson.

Geographical distribution : United

States (Michigan).

Induced disease: In Erwinia caroto-

vora, cells reduced in motility, agglu-

tinated, malformed, some elongated,

others swollen, bulged at one end, bulged

in middle, or enlarged and spherical.

Other properties : Resists dilution

to 1:10®, and storage in sterile medium
at room temperature for 5i months.

Literature: Coons and Kotila, Phyto-

path., 15

y

1925, 357-370; Mallmann and

Hemstreet, Jour. Agr. Res., 98, 1924,

69^-602.
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18. Phagus contumaz spec, nov» From
Latin contumax^ refractory, in reference

to ability of this bacteriophage to with-

stand heating sufficient to destroy accom-

panying host cells.

Common name : Erwinia aroideae bac-

teriophage.

Host : Erwinia aroideae Holland.

Insusceptible species: Agrobacierium

iumefaciens Conn, Bacteriumformosanum

Okabe, Erwinia carotovora Holland,

Pseudomonas andropogoni Stapp, P.

solanacearum Smith, P. tomato Burk-

holder, Xanthomonas campestris Dowson,

X, citri Dowson, X, malvacearum Dow-
son, X, nakatae Dowson, X, phaseoli

Dowson, X. ricinicola Dowson.

Geographical distribution : Formosa

(Taiwan)

.

Induced disease: Very small plaques,

0.1 to 1.0 mm (mostly less than 0.5 mm)
in diameter.

Thermal inactivation: Resists heating

at 60® C for 30 minutes without appreci-

able loss of titer, but host organism is

killed by this treatment.

Other properties: Optimum tempera-

ture for increase, about 25® C. This bac-

teriophage may be prepared by heating

centrifuged cultures at 60® C for 30 min-

utes as efficiently as by filtration to re-

move bacteria.

Literature: Matsumoto, Trans. Nat.

Hist. Soc. Formosa, 29, 1939, 317-338;

30, 1940, 89-98; 81, 1941, 145-154; Mat-
sumoto and Sawada, ibid,, 28, 1938,

247-256.

19. Phagus maldis H. (loc. cii., 152).

From New Latin mais, corn (maize),

host of Bacterium stewarti.

Common name : Bacterium stewarti

bacteriophage ;
Phytomonas stewarti bac-

teriophage; Aplanobacter stewarti bac-

teriophage.

Host: Bacterium stewarti E. F. Smith
(« Pseudomonas stewarti E. F. Smith,

Phytomonas stewarti Bergey et al. and
Aplanobacter stewarti McCulloch).

Geographical distribution : United

States

Induced disease: In Bacterium ste-

warii, variation or loss of yellow color,

change of viscosity of growth, reduction

or loss of virulence. Infection of corn

plants by seed-borne Bacterium stewarti

is much reduced by treating seeds with

this bacteriophage before they are

planted.

Thermal inactivation: Above 65® C in

30 minutes.

Other properties: Infective in dilu-

tions to 10“^. Soon lost from cultures

maintained at pH 3.85 to 4.00, or on

Ivanoff *8 medium, which contains oxidiz-

ing compounds.

Literature: Thomas, Phytopath., 25,

1935, 371-372; Science, 88, 1938, 56-57;

Phytopath., SO, 1940, 602-611.

20. Phagus enteritidls H. (loc. cit.,

153). From name of host.

Common names : Salmonella enteritidis

bacteriophage 1, 12, or 33; Group A bac-

teriophages.

Hosts : Salmonella enteritidis Castellani

and Chalmers, S. gallinarum Bergey et

al.. Shigella dysenteriae Castellani and
Chalmers.

Induced disease: Plaques of medium
size, usually with surrounding translu-

cent halo.

Immunological relationships: Member
of Resistance Group A ; host individuals

that have acquired resistance to this

bacteriophage are resistant to lines 12

and 33, but susceptible to Salmonella

enteritidis bacteriophages 8, 20, and 11,

as well as to other strains of Resistance

Groups B, C, and D.
Literature: Burnet, Jour. Path, and

Bact., 32, 1929, 1&-42.

21. Phagus commutabills H. (loc. cit.,

153). From Latin commutahilis, vari-

able, in reference to differences within

Resistance Group B, typified by this bac-

teriophage.

C]k}mmon names : Salmonella enteritidis

bacteriophage 8, 18, 28, 31, 34, 38; Group
B bacteriophages.

Hosts : Salmonella enteritidis Castellani
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and Chalmers, Shigella dysenteriae Cas-

tellan! and Chalmers, Shigella gallinarum

Weldin, Salmonella iyphosa White.

Induced disease: Small plaques with

sharp edges, or moderately large plaques

with characteristic halo.

Immunological relationships : Member
of Resistance Group B

;
host individuals

that have acquired resistance to this bac-

teriophage are resistant to lines 18, 28,

31, 34, and 38, but susceptible to Sal-

monella enteriiidis bacteriophages 1, 20,

and 11, as well as to other strains of Re-

sistance Groups A, C, and D.

Literature: Burnet, Jour. Path, and

Bact., 1929, 15-42.

22. Phagus tertius H. {loc. cit,, 154).

From Latin tertivH^ third, in reference to

the third Resistance Group of Salmonella

enieritidis bacteriophages. Group C, typi-

fied by this bacteriophage.

Common names : Salmonella enieritidis

bacteriophage 20, 25, 32, 35; Group C
bacteriophages.

Hosts : Salmonella enieritidis Castellani

and Chalmers, S. gallinarum Bergcy et

al., Shigella dysenteriae Castellani and
Chalmers.

Induced disease : Plaques of small size,

with sharp edges.

Immunological relationships : Member
of Resistance Group C. Host individuals

that have acquired resistance to this bac-

teriophage are resistant to lines 25, 35,

and 32, but susceptible to Salmonella

enieritidis bacteriophages of Resistance

Groups A, B, and D.

Literature : Burnet, Jour. Path, and
Bact., 5)^,1929,15-42.

23. Phagus dubius H. {loc. cit., 155).

From Latin dubius

^

doubtful, in reference

to uncertainty of distinction between

Resistance Groups C and D.

Common names : Salmonella enieritidis

bacteriophage 11, 13; Group D bacterio-

phages.

Hosts : Salmonella enteriiidis Castellani

and Chalmers, Shigella dysenteriae Cas-

tellani and Chalmers, Shigella gallinarum

Weldin.

Induced disease : Very large plaques,

up to 8 mm in diameter on 1.2 per cent

agar.

Immunological relationships: Member
of Resistance Group D. Host individ-

uals that have acquired resistance to this

bacteriophage are resistant to line 13, but

susceptible to Salmonella enieritidis bac-

teriophages of Resistance Groups A, B,

and C.

Literature : Burnet, Jour. Path, and
Bact., 55, 1929, 15-42.

24.

Phagus indicens spec. nov. From
Latin indicerCj to disclose or indicate, in

reference to diagnostic use of this bac-

teriophage in identifying V forms of the

typhoid bacillus.

Common name : Phage Q151.

Host : Salmonella typhosa Wliite (=
Bacillus typhosus Zopf).

Insusceptible species : W forms of the

typhoid organism and various Salmonella

species.

Geographical distribution : Canada.

Induced disease : In Salmonella typhosa,

small plaque formation (lysis) and com-

plete inhibition of growth in cultures of

the V form (bearing Vi antigen; resisting

O agglutination) and no lysis or restrain-

ing effect on growth of the W form (lack-

ing Vi antigen; agglutinated by O anti-

serum). In the presence of the virus,

mixed cultures are quickly transformed

since only W variants can increase. Pure

V cultures can be identified by the test

for their complete inhibition; this in-

hibition is regularly follow'ed by second-

ary growth representing the pure W form

of the host, a readily formed variant.

Filterability : Passes Seitz EK filter.

Other properties: Filtrates active in

dilutions to 10~® or 10““.

Literature: Craigie, Jour. Bact., SI,

1936, 56 (Abst.); Craigie and Brandon,

Jour. Path, and Bact., 43, 1936, 233-248,

249-260.
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25. Phagus testabills H. (loc. cit., 155).

From Latin testabilisy able to bear wit-

ness, in reference to evidence that this

bacteriophage has given, by virtue of its

easy destruction when heated in spores,

against the hypothesis of frequent spon-

taneous origin of bacteriophage from the

bacterial host.

Common name: Bacillus megatherium

bacteriophage.

Host : Bacillus megatherium De Bary.

Geographical distribution : United

States.

Induced disease : Plaques 0.5 mm or less

in diameter, with surrounding translu-

cent zone.

Thermal inactivation: In vitro

y

at 75®

C in 10 minutes. Spores from infected

cultures, after being heated for 10 min-

utes at 80® C, regularly give rise to sub-

cultures that do not show the presence of

this bacteriophage spontaneously during

subsequent growth but that are sus-

ceptible to lysis if the bacteriophage is

again introduced.

Literature: Adant, Compt. rend. Soc.

Biol., Paris, 99

y

1928, 1246; Cowles, Jour.

Bact., 90y 1930, 15-23.

26. Phagus indomitus H. {loc. cit.,

156). From Latin indomitus
y

unre-

strained, in reference to the ability of this

bacteriophage to increase after heat treat-

ment of infected spores.

Common name : Bacillus mycoides bac-

teriophage.

Host : Bacillus mycoides FlOgge, some

strains.

Insusceptible species: Bacillus cereus

Frankland and Frankland, B. suhtilis

Cohn emend. Prazmowski, B. mega-

therium De Bary, B. anthracis Cohn
emend. Koch. Some strains of B. my-
coides.

Geographical distribution. United

States.

Induced disease : Large plaques, with

some secondary growth of host organism.

Thermal inactivation : In vitro, at 75® C
in 10 minutes. Spores from infected cul-

tures, heated at 90® C for 10 minutes give

no bacteriophage on grinding, but lytic

cultures when grown.

Literature: Lewis and Worley, Jour.

Bact., S9y 1936, 195-198.

27. Phagus subvertens H. {loc. cit.,

156). From Latin subverterCy to subvert,

in reference to suspected action of this

bacteriophage in causing running-out of

alfalfa fields through destruction of

nodule organisms.

Common name: Rhizobium legumino-

sarum bacteriophage.

Host : Rhizobium leguminosarum

Frank. It has been shown that this

bacteriophage is unable to increase in

clover roots without the nodule-forming

organism, R. leguminosarum

y

and that

the bacteriophage plays no obviously

essential role in nodule formation.

Induced disease : Very small plaques,

with edges not sharply defined.

Thermal inactivation: At 60® C in 30

minutes.

Other properties : Not inactivated by
drying for 2 months.

Literature: Gerretsen et al., Cent. f.

Bakt., II Abt., 60y 1923, 311-316; Grijns,

ibid.y 71 y 1927, 248-251; Hitchner, Jour.

Bact., 19y 1930, 191-201; Vandecaveye

and Katznelson, Jour. Bact., SI, 1936,

465-477.

28. Phagus ineptus H. {loc. cit., 157).

From Latin ineptus, unsuitable, in refer-

ence to inability of this bacteriophage to

adapt itself to lysis of strain RW of its

host.

Common name : Streptococcus bacterio-

phage R.

Host : Streptococcus cremoris Orla-Jen-

sen, strain R.

Insusceptible species : Streptococcus

cremoris, strain RW.
Geographical distribution: New Zea-

land.

Induced disease: Plaques 0.25 to 0.6

mm in diameter.

Serological relationships : Antisera spe-

cific for streptococcus bacteriophage RW
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and its strain RWl are ineffective in neu-

tralizing this bacteriophage.

Immunological relationships : Cultures

of host-strain R, after exposure to this

bacteriophage, furnish subcultures only

partly resistant to this bacteriophage and
completely susceptible to streptococcus

bacteriophage RW and its substrain RWl.
Literature : Whitehead and Hunter,

Jour. Path, and Bact., 4-^, 1937, 337-347.

29. Phagus streptococci H. (loc, cit.,

158). From generic name of host.

Common name : Streptococcus bacterio-

phage RW.
Host : Streptococcus cremoris Orla-Jen-

sen, strain RW.
Geographical distribution; New Zea-

land.

Induced disease: Plaques 0.25 to 0.6

mm in diameter.

Thermal inactivation : At 70® to 75® C,

time not recorded, probably 30 minutes

(pH 6.0).

Literature : Whitehead and Hunter,

Jour. Path, and Bact., 1937, 337-347.

Strains : One variant has been described

and distinguished from the type variety,

iypicus H. (loc. cit., 158)

:

29a. Phagus streptococci var, virilis H.

{loc. cit.f 158). From liatin virilis

^

vig-

orous. Common name : Strain RWl of

streptococcus bacteriophage RW. Dif-

fering from the type variety in being able

to increase at the expense of strain RWl
of Streptococcus cremoris (Whitehead and

Hunter, Jour. Path, and Bact., 1937,

337-347).

30. Phagus maculans spec. nov. From
Latin’macwZarc, to speckle, in reference

to tiny plaques produced by this bac-

teriophage.

Common name : Streptococcus bac-

teriophage A.

Hosts ; Streptococcus 646, 751, 775.

Geographical distribution : United

States (Massachusetts).

Induced disease: Plaques exceedingly

minute, scarcely visible to the unaided
eye.

Serological relationships : Specific anti-

sera neutralize but there is no cross reac-

tion with resF)ect to streptococcus bac-

teriophage B, C, or D.
Thermal inactivation: At 60® C in 1

hour.

Other properties : Withstands storage

at about 5® C for at least 145 days with

but little loss of virulence.

Literature: Evans, Science, 80, 1934,

40-41; U.S.P.H.S., Public Health Re-
ports, 49, 1934, 1386-1401.

31. Phagus lacerans spec. nov. From
Latin lacerare, to tear, in reference to

ragged edges of plaques produced by this

bacteriophage.

Common name : Streptococcus bac-

teriophage B.

Hosts : Streptococcus 563,639 : Strepto-

coccus mucosus Howard and Perkins.

Insusceptible species : Streptococcus

erysipelatos Rosenbach.

Geographical distribution : United

States (Wisconsin).

Induced disease : Medium size plaques,

the largest about 3 mm in diameter, edges

ragged, centers clean.

Serological relationships : Specific neu-

tralization, but no cross reactions with

streptococcus bacteriophages A, C,

and D.

Thermal inactivation; At 60® C in 1

hour.

Other properties: Withstands storage

at about 5® C for at least 261 days.

Literature : Clark and Clark, Jour.

Bact., 11, 1926, 89; Proc. Soc. Exp. Biol,

and Med., 24^ 1927, 635-639; Colvin,

Jour. Inf. Dis., 61, 1932, 17-29; Evans,

U.S.P.H.S., Public Health Reports, 49,

1934, 1386-1401; Jour. Bact., S9, 1940,

597-604; Shwartzman, Jour. Exp. Med.,

48, 1927, 497-509.

32. Phagus tolerans spec, nov. From
Latin tolerans, tolerating, in reference to

the unusual ability of this streptococcus
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bacteriophage to remain viable under

certain adverse conditions.

Common name : Streptococcus bacterio-

phage C.

Hosts : Streptococcus 646, 594, 756, 806.

Geographical distribution : United

States (Ohio, Massachusetts, Connecti-

cut).

Induced disease : Small plaques, the

largest about 1.0 mm in diameter.

Serological relationships : Specific neu-

tralization, but no cross reactions with

streptococcus bacteriophages A, B,

and D.

Thermal inactivation : At 63® to 65® C
in 1 hour.

Other properties: Withstands storage

in 1 :200 phenol at about 5® C for at least

261 days; equally resistant to storage in

1 : 10,000 sodium ethyl mercurithiosalicy-

late (merthiolate), or to storage without

preservatives.

Literature; Evans, U. S. Pub. Health

Ser., Public Health Reports, -{5, 1934,

1386-1401.

33. Phagus michiganensis spec, nov.

From name of state, Michigan, where this

bacteriophage was first isolated.

Common name : Streptococcus bacterio-

phage D.

Host : Streptococcus 693.

Geographical distribution : United

States (Michigan).

Induced disease : Small plaques, about

0.75 mm in diameter, edges clear-cut,

centers clean.

Serological relationships : Specific neu-

tralization, but no cross neutralization

with streptococcus bacteriophages A, B,

and C.

Thermal inactivation : At 60® to 63® C
in 1 hour.

Other properties: Withstands storage

a t about 5®C for at least 261 days.

Literature : Evans, U. S. Pub. Health

Ser., Public Health Reports, 49, 1934,

1386-1401.

34. Phagus fragllls, H. (loc, cit., 159).

From Latin fragilis, fragile, in reference

to easy destruction of this bacteriophage

by light and by concentrated urea solu-

tions.

Common names: Staphylococcus bac-

teriophage Au2, Au3, Au4, or D, perhaps

bacteriophage H of Gratia.

Hosts : Staphylococcus aureus Rosen-

bach and Staphylococcus albus Rosenbach.

Geographical distribution : United

States.

Induced disease : Small plaques, 0.2 to

1.0 mm in diameter, with sharp edges.

Serological relationships : Cross-neu-

tralization reactions with staphylococcus

bacteriophages Aul, Au3, Au4, and D,
but not with staphylococcus bacterio-

phages Au21, Aul2, A, B, C, or bacterio-

phage Cl 6.

Thermal inactivation: At about 57® C
in 30 minutes.

Other properties : Particle diameter 50

to 75 millimicrons. Readily inactivated

photodynamically. Completely inacti-

vated by 27 per cent urea solution in 1

hour at 37° C. Lysis not inhibited even

by 1.5 per cent sodium citrate in agar

medium.
Literature: Burnet and Lush, Jour.

Path, and Bact., 40, 1935, 455-469
;
Burnet

and McKie, Austral. Jour. Exp. Biol, and

Med. Sci., 6, 1929, 21-31
;
Fisk, Jour. Inf.

Dis., 71, 1942, 153-160.

35. Phagus intermedius H. {loc. cit.,

160). From Latin intermedius, inter-

mediate, in reference to position of this

bacteriophage between staphylococcus

bacteriophages that multiply readily in

broth cultures of host organisms and

those that do not.

Common name: Staphylococcus bac-

teriophage Au21.

Host : Staphylococcus aureus Rosen-

bach.

Geographical distribution: Australia.

Induced disease : Small plaques, 0.1 to

0.3 mm in diameter, with sharp edges.

Serological relationships : Specific neu-

tralization reaction but no cross-neutrali-

zation reaction with staphylococcus bac-

teriophages Au2 or Aul2.
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Other properties: Not readily inacti-

vated photodynamically
; completely in-

activated by 27 per cent urea solution in

1 hour at 37° C ; lysis inhibited by 1 per

cent sodium citrate in agar medium but

not by 0.5 per cent or lower concentra-

tions.

Literature: Burnet and Lush, Jour.

Path, and Bact., Jfl, 1935, 455-469.

36. Phagus caducus H. {loc. cit.y 160).

From Latin caducus

^

perishable, in refer-

ence to the easy destruction of this bac-

teriophage by concentrated urea solu-

tions.

Common name: Staphylococcus bac-

teriophage Aul2.

Host : Staphylococcus aureus Rosen-

bach.

Geographical distribution: Australia.

Induced disease : Small plaques, 0.2 to

0.5 mm in diameter, with sharp edges.

Serological relationships : Cross-neu-

tralization reactions with staphylococcus

bacteriophages Aull and Aul3, but not

with staphylococcus bacteriophages Au2,

Au21
,
A, and C. Antiserum to staphylo-

coccus bacteriophage B gives no neutrali-

zation of Aul2, though the reciprocal re-

action occurs to 1 :200 dilution.

Other properties : Not readily inacti-

vated photodynamically; completely in-

activated by 27 per cent urea solution in

1 hour at 37° C ;
lysis inhibited by as little

as 0.25 per cent sodium citrate in agar.

Literature : Burnet and Lush, Jour.

Path, and Bact., 40 1 1935, 455-469.

37. Phagus alpha 11. (loc. cit,^ 161).

From Greek equivalent of common name.

Common name: Staphylococcus bac-

teriophage A.

Host : Staphylococcus albus Rosenbach.

Geographical distribution: Australia.

Induced disease: Plaques of medium
size, 1 .5 to 2.5 mm in diameter, with hazy

periphery.

Serological relationships : Specific neu-

tralization reaction, but no cross-neu-

tralization reactions with staphylococcus

bacteriophages Au2, B, or C.

Immunological relationships: Colonies

of Staphylococcus albus appearing after

lysis with this bacteriophage are resistant

to staphylococcus bacteriopliages B, C,
and D.

Thermal inactivation : At 68° to 70° C
in 30 minutes.

Other properties: Not readily inacti-

vated photodynamically; not completely

inactivated by 27 per cent urea solution

in 1 hour at 37° C
; lysis not inhibited even

by 1.5 per cent sodium citrate in agar.

Literature: Burnet and Lush, Jour.

Path, and Bact., 40

f

1935, 455-469 ; Burnet

and McKie, Austral. Jour. Exp. Biol, and
Med. Sci., 6, 1929, 21-31.

38.

Phagus beta II. (loc. cit., 162).

From Greek equivalent of common name.

Common name: Staphylococcus bac-

teriophage B.

Host : Staphylococcus albus Rosenbach.

Geographical distribution: Australia.

Induced disease : Plaques of medium
size, 0.7 to 1.5 mm in diameter, with

sharp edges.

Serological relationships: Specific neu-

tralization reaction, but no cross-neu-

tralization reaction with respect to

staphylococcus bacteriophages Au2, Aul2,

A, or C, except that antiserum made with

Aul2 neutralizes this bacteriophage in

low dilutions (See Phagus caducus).

Immunological relationships: Colonies

appearing after lysis of Staphylococcus al-

bus with this bacteriophage furnish organ-

isms susceptible to staphylococcus bac-

teriophages A and D.

Thermal inactivation : At 63° to 65° C

in 10 minutes.

Other properties: Readily inactivated

photodynamically ;
completely inact i -

vated by 27 per cent urea solution in 1

hour at 37° C ;
lysis not inhibited even by

1,5 per cent sodium citrate in agar

medium.

Literature: Burnet and Lush, Jour.

Path, and Bact., 40

y

1935, 455-469 ; Burnet
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and McKie, Austral. Jour. Exp. Biol, and

Med.Sci.,^, 1929,21-31.

39. Phagus durabilis H. {loc. cit., 162).

From Latin durabilis, lasting, in refer-

ence to the stability of this bacteriophage

in concentrated urea solution and other

unfavorable media.

Common name: Staphylococcus bac-

teriophage C.

Host : Staphylococcus albus Rosenbach.

Geographical distribution: Australia.

Induced disease : Plaques 2.0 to 3.0 mm
in diameter. Vitreous change in pe-

ripheral zone.

Serological relationships : Cross-neu-

tralization reaction with staphylococcus

bacteriophage C', and less strongly with

B, but not with Au2 or A.

Immunological relationships: Colonies

of Staphylococcus albus appearing after

lysis with this bacteriophage furnish or-

ganisms resistant to it but susceptible to

staphylococcus bacteriophages A, B,

and D.

Thermal inactivation: At 61® to 63® C
in 30 minutes.

Other properties: Not readily inacti-

vated photodynamically ; not completely

inactivated by 27 per cent urea solution in

1 hour at 37° C; lysis not inhibited even

by 1.5 per cent sodium citrate in agar

medium.
Literature: Burnet and Lush, Jour.

Path, and Bact., iO, 1935, 455-469 ; Burnet

and McKic, Austral. Jour. Exp. Biol, and

Med. Sci., 6, 1929, 21-31
; Rakieten et al.,

Jour. Bact., 1936, 505-518.

40. Phagus liber H. (Joe. cit., 163).

From Latin liber

,

independent, in refer-

ence to demonstrated independence of

this virus, its bacterial host, and its dip-

terous superhost, in respect to origin.

Common name : Staphylococcus muscae

bacteriophage.

Host : Staphylococcus muscae Glaser.

Geographical distribution : United

States.

Induced disease: Lysis in broth cul-

tures; plaques in agar cultures, but char-

acteristics of plaques not recorded.

Thermal inactivation : At a little above
50° C in 5 minutes.

Other properties : A characteristic

nucleoprotein has been isolated from

lysed staphylococci . Sedimentation con-

stant, 650 X 10~^3 cm dyne“^ sec.”^

corresponding to a molecular weight of

about 300,000,000. Denatured at acidi-

ties beyond pH 5.0. Digested by chymo-

trypsin, not by trypsin. Apparent den-

sity, about 1.20. Diffusion coefficient,

varying with dilution.

Literature: Glaser, Amer. Jour. Hy-
giene, (^7, 1938, 311-315; Northrop, Jour.

Gen. Physiol., 21, 1938, 335-366; Shope,

Jour. Exp. Med., 45, 1927, 1037-1044;

Wyckoff, Jour. Gen. Physiol., 21, 1938,

367-373.

41. Phagus cholerae H. (loc. cit., 164).

From former name of host.

Common name : Vibrio comma bacterio-

phage.

Host: Vibrio comma Winslow et al.

(formerly V. cholerae Neisser)
;
Indian

strains usually carry this bacteriophage,

but Chinese and Japanese strains lack it,

are susceptible, and upon inoculation be-

come lysogenic.

Geographical distribution: India.

Induced di&=case : In both R and S
forms of Vibrio comma, no plaques on

ordinary agar plates, but vibrios become

lysogenic. Egg-white in 1:25 dilution

enhances activity enough to allow visible

lysis, occasional plaques, or stippling at

the site of inoculation.

Immunological relationships : Vibrio

comma organisms that have been infected

with this bacteriophage and are resistant

to its further action are still susceptible

to cholera bacteriophages A, C, and D.

Literature: White, Jour. Path, and
Bact., 4^, 1937,276-278.

42. Phagus celer H. (loc. cit., 164).

From Latin celer, quick, in reference to

relatively quick action of this bacterio-

phage.
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Common name : Cholera bacterio-

phage A.

Host: Vibrio comma Winslow et al.,

smooth types, except non-agglutinable

vibrios.

Geographical distribution: India.

Induced disease : Lysis in 2 hours, fol-

lowed by abundant secondary growth.

Only smooth elements of the culture are

attacked.

Serological relationships : Antigenically

distinct from cholera bacteriophage C.

Immunological relationships: Second-

ary growth resistant to this virus, but

susceptible to cholera bacteriophages C
and D.

Other properties : Selectively inacti-

vated by specific polysaccharide of

smooth strains, not b}’’ a lipoid emulsion

that is effective against cholera bacterio-

phage C. Active in dilution of 1:10® or

1:10^®. Multiplication rate, n X 10®

in 2 hours.

Literature: Asheshov et al., Indian

Jour. Med. Res., W, 1933, 1127-1157;

White, Jour. Path, and Bact., 4^, 1936,

591-593.

43. Phagus effrenus H. (Joe. cii.^ 165).

From Latin effrenus^ unbridled, in refer-

ence to the ability of this bacteriophage

to attack all tested strains of the cholera

organism.

Common name : Cholera bacterio-

phage C.

Host : Vibrio comma Winslow et al., all

strains.

Geographical distribution : India.

Induced disease : Sometimes death

without lysis. When lysis occurs, it is

rarely complete and is followed by sec-

ondary resistant growth.

Serological relationships : Antigenically

distinct from cholera bacteriophage A.

Immunological relationships: Second-

ary growth resistant to this bacterio-

phage, but susceptible to cholera bac-

teriophages A and D.

Other properties: Selectively inacti-

vated by lipoid from smooth strain of

host, but not by specific polysaccharide.

Active in dilution of 1:10* or 1:10^*.

Multiplication rate, n X 10^ in 2 hours.

Literature: Asheshov et al., Indian

Jour. Med. Res., ;?0, 1933, 1127-1157;

White, Jour. Path, and Bact., 4S, 1936,

591-593.

44. Phagus lentus H. (loc. cit., 166).

From Latin lentus

y

slow, in reference to

the relatively slow and incomplete lysis

induced by this bacteriophage.

Common name : Cholera bacterio-

phage D.
Host : Vibrio comma Winslow et al.

Geographical distribution : India.

Induced disease: Incomplete lysis in

about 5 hours, followed, in rough cultures,

by slow development of resistant sec-

ondary growth.

Immunological relationships : Second-

ary growth resistant to this bacterio-

phage, but susceptible to cholera bac-

teriophages A and C.

Other properties: Not inactivated by
specific polysaccharide effective against

cholera bacteriophage A, nor by lipoid

effective against cholera bacteriophage

C. Multiplication rate, n X 10* in 2

hours.

Literature: Asheshov et al., Indian

Jour. Med. Res., 20, 1933, 1127-1157;

White, Jour. Path, and Bact., 4^t 1936,

591-593.

45. Phagus diphtheriae H. (loc. cii.,

167). From name of host.

Common name : Corynebaclerium diph-

theriae bacteriophage.

Host : Corynebaclerium diphtheriae

Lehmann and Neumann, many strains,

especially 122 of 127 Australian type II

gravis isolates; type I gravis isolates are

Ij’^sogenic (carriers) ;
all intermediate iso-

lates are susceptible.

Insusceptible species : Corynebaclerium

diphtheriae, all tested mitis isolates, ex-

cept 2 lysogenic. A strain of C. diph-

theriae from Swan Hill, 200 miles north

of Melbourne, was found to be resistant

to this bacteriophage and to the small-
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plaque diphtheria bacteriophage, P. fu-

tilis.

Geographical distribution: Australia.

Induced disease: In Corynebacterium

diphtheriae on agar, plaques 1.0 to 1.5 mm
in diameter, with shelving edge. A few

resistant bacterial colonies often appear

in the central clear area.

Literature: Keogh et al., Jour. Path,

and Bact., 46

^

1938, 565-570; Smith and

Jordan, Jour. Bact., 21 ^ 1931, 75-88; Stone

and Hobby, Jour. Bact., 27, 1934, 403-417.

46. Phagus futllis H. {loc. cit., 168).

From Latin futilis, vain, in reference to

regular appearance of resistant organisms

in plaques on agar cultures lysed by this

bacteriophage.

Common name: Small-plaque diph-

theria bacteriophage.

Host : Corynebacterium diphtheriae

Lehmann and Neumann, gravis type I

isolates and all but 5 gravis type II iso-

lates.

Insusceptible species : All tested inter-

mediate and mitis strains of C. diph-

theriae.

Geographical distribution: Australia.

Induced disease : In Corynebacterium

diphtheriae on agar, pin-point plaques or

confluent plaques, with confluent growth

of secondary, resistant organisms.

Literature: Keogh et al.. Jour. Path,

and Bact., 4^, 1938, 565-570.
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Suborder II. Phytophagineae subordo novtLs.

Viruses infecting higher plants; vectors typically homopterous or hemipterous

insects (leafhoppers, aphids, white flies, true bugs) or thysanopterous insects

(thrips). From Greek phageitij to eat, and phyton, a plant.

Key to the families of suborder Phytophagineae.

1. Inducing yellows-type diseases; vectors typically cicadellid or fulgorid leaf-

hoppers.

Family I. Chlorogenaceae, p. 1145.

2. Inducing mosaic diseases
;
vectors typically aphids.

Family II. Marmoraceae^ p.ll63.

3. Inducing ringspot diseases; vectors unknown.

Family III. Annulaceae^ p. 1212.

4. Inducing leaf-curl diseases; vectors topically white flies.

Family IV. Rvgaceac, p. 121S.

5. Inducing leaf-savoying diseases; vectors, true bugs.

Family V. Savoiaceae^ p. 1221.

6. Inducing spotted wdlt; vectors, thrips.

I'amily VI. Leihaceae^ p. 1223.

FAMILY I. CHLOROGENACEAE HOLMES EMEND.

(Handb. Phytopath. Viruses, 1939, 1.)

Viruses of the Yellow’s-Discase Group; i)athogenic in flowering plants, causing dis-

eases in w’hich efTeots on chloroph}"!! are usually diffuse or st ripe-liko, no typical slot-

ting or spotty mottling being involved. Vectors, so far as known, leafhoppers (C/CA-
DELUDAEaiid FULGORIDAE).

Key to the genera of family Chlorogenaceae.

I. True Yellows Group. Viruses inducing diseases usually characterized by
stimulation of normally dormant and adventitious buds to produce numer-

ous slender shoots with long internodes and by chlorosis without spotting;

invaded parts abnormally erect in habit. \'ectors cicadellid leafhoppers

so far as knowm.

Genus I. Chlorogenus, p. 1140.

II. Peach X-Disejisc Group. Viruses inducing diseases characterized by reset-

ting of foliage and sometimes death of host

.

Genus II. Carpophihora^ p. 1151.

III. Phloem-Necrosis Group. Viruses inducing diseases characterized by

progressive degeneration of the host plant or by wilting and sudden death

;

sometimes by root discoloration. Vectors cicadellid leafhoppers so far as

known.

Genus III. Morsus, p. 1153.

IV. Yellow-Dw’arf Group. Viruses inducing diseases characterized by chlorotic

effects somewhat resembling true mottling but often more diffuse. Vectors

cicadellid (agallian) leafhoppers.

Genus IV. Aureogenusy p. 1154.

V. Fiji-Disease Group, Viruses inducing diseases characterized by marked
vascular proliferation. The vector of one is known to be a leafhopper of

the subfamily Delphacinae, family FULGORIDAE.
Genus V. Galla^ p. 1157.
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VI. Stripe-Disease Group. Viruses inducing diseases characterized by chlorotic

striping; hosts grasses. Vectors, cicadellid and fulgorid leafhoppers.

Genus VI. Fractilinea^ p. 1159.

Oenua I. Chlorogenus Holmes,

(Loc, cit,, 1.)

Viruses of the Typical Yellows Group, inducing diseases usually characterized by

stimulation of normally dormant and adventitious buds to produce numerous slender

shoots with long internodes, by chlorosis without spotting, or by both growth of nu-

merous slender shoots and chlorosis. Invaded parts abnormally erect in habit. Af-

fected flowers often virescent. Hosts, dicotyledonous plants. Vectors, so far as

known, exclusively cicadellid leafhoppers. Generic name from Greek chloros, light

green or yellow, and suffix, gen^ signifying producing, from Greek genos, descent.

The type species is Chlorogenus callistephi Holmes.

Key to the species of genus Chlorogenus.

I. Natural hosts many, in various families of plants.

1. Chlorogenus callistephi,

2. Chlorogenus australiensis

.

II. Known natural hosts relatively few.

A. Natural hosts rosaceous.

3. Chlorogenus persicae.

B. Natural hosts solanaceous.

4. Chlorogenus solani.

C. Natural host sandal.

5. Chlorogenus san tali.

D. Natural host cranberry.

6. Chlorogenus vaccinii.

E. Natural host locust.

7. Chlorogenus robiniae.

F. Natural host alfalfa.

8. Chlorogenus medicaginis.

G. Natural host hop.

9. Chlorogenus humuli.

1. Chlorogenus callistephi Holmes. Insusceptible species; All tested spe-

(Handb. Phytopath. Viruses, 1939, 2.) cies of the family Leguminosae and some
From New Latin Callistephus, generic species of all other tested families have

name of the China aster. appeared naturally immune.
Common names: Aster-yellows virus. Geographical distribution: U. S., Can-

lettuce white-heart virus, Erigeron-yeU ada, Bermuda, Japan, and Hungary. In

lows virus. California the celery-yellows strain of

Hosts: Callistephus chinensis Nees, the this virus replaces the type.

China aster, is the host that has been Induced disease : In most host species

studied most. 170 or more species in 38 the characteristics of disease are clearing

different families of dicotyledonous of veins, followed by chlorosis of newly
plants have been shown susceptible, formed tissues, stimulation of normally

Lettuce, endive, carrot, buckwheat, pars- dormant buds to growth, malformation,
nip, and New Zealand spinach are among virescence of flowers, sterility, and up-
the hosts of economic importance. right growth habit. Stimulation of nor-
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mally dormant buds to adventitious

growth and abnormally erect habit are

the most constant features. Chlorosis is

absent or inconspicuous in some hosts.

Transmission: By leafhopper, Macro-

steles divisus (Uhl.) (*= Cicadula sex-

notata (Fall.), C. divisa (Uhl.)) (CICA-
BELLIDAE). Incubation period,

about 2 weeks. Some strains of this virus

are transmitted also by the leafhoppers

Thamnotettix montanus Van D. and T.

geminatus Van D. {CICABELL IDAE).
By grafting. By dodder. Not through

seeds of diseased plants. Not by me-
chanical inoculation of plants, but virus

has been passed from insect to insect

mechanically in Macrosieles divisus; juice

from viruliferous insects contains little

virus just after inoculation, but the effec-

tive concentration increases at least

100-fold between the 2nd and 12th day
of a 17-day incubation period; it seems

greatest before the insects begin to infect

the aster plants on which they are main-

tained.

Thermal inactivation : In juice from

viruliferous insects, at about 40® C in 10

minutes; at 25° C in 2 to 3 hours. In

plant tissues, at 38° to 42° C, in 2 to 3

w'eeks; cured plants fully susceptible to

reinfection. In insect vector, M . divisus,

at 31° C in 12 days.

Other properties: Virus in juices de-

rived from insects is more stable at 0° C
than at 25° C or when frozen

;
at 0° C it

withstands storage 24, not 48, hours in 0.85

per cent NaCl solution at pH 7.0 but most
of the virus is inactivated in this time

; it

withstands dilution 1:1000 in neutral

0.85 per cent NaCl solution; for brief

(less than 5-minute) exposures, it re-

mains viable over the range from pH 5

to 9.

Literature: Black, Phytopath., SI,

1941, 120-135; SS, 1943, 2 (Abst.)
;
John-

son, ibid., SI, 1941, 649-656; Kunkel, Am.
Jour. Bot., IS, 1926, 646-705; Contrib.

Boyce Thompson Inst., 5, 1931, 85-123;

4t 1932, 405-414; Am. Jour, ^t.,

742, 1940; Ogilvie, Bermuda Dept. Agr.,

Agr. Bull. 6, 1927, 7-8 ; Severin, Hilgardia,

5, 1929, 543-583; Phytopath., SO, 1930,

920-921; Hilgardia, 7, 1932, 163-179
; 8,

1934 , 305-325, 339-361
; Phytopath., SO,

1940, 1049-1051
;
Hilgardia, 14, 1942, 411-

440; Severin and Haasis, Hilgardia, 8,

1934, 329-335.

Strains : Two variant strains, one found

in nature, the other derived experiment-

ally, have been given varietal names to

distinguish them from the type variety,

vulgaris H. (loc. cit., 2)

:

la. Chlorogenits callistephi var. califor-

nicus H. (Jioc. cit., 3). From California,

name of state in which this strain was first

recognized. CJommon name : Celery -yel-

lows strain of aster-yellows virus. Dif-

fering from the type variety by ability t-o

infect celery {Apium graveolens L.

—

UMBELLIFERAE) and zinnia {Zinnia

elegans COMPOSITAE) (Kun-
kel, Contrib. Boyce Thompson Inst., 4,

1932, 405-414; Severin, Hilgardia, S, 1929,

543-583; 8, 1934, 305-325).

lb. Chlorogenus callistephi var. at-

tenuatus H. {loc. cit., 4). From Latin

aitenuatus, w^eakened. Common name:
Heat-attenuated strain of aster-yellows

virus. Differing from the type variety

by inducing less severe chlorosis and less

uprightness of new growth in affected as-

ter plants (Kunkel, Am. Jour. Bot., f4,

1937, 316-327).

2. Chlorogenus australiensis comb,

nov. From Australia, name of continent.

Synonym: Galla australiensis ft. {loc.

cit., 107).

Common names : Tomato big-bud virus

;

virescence virus; perhaps also stowboor

virus, tobacco stolbur or montar virus,

eggplant little-leaf virus.

Hosts : jSOL

A

iVA

A

—Batura stra-

monium L., Jimson weed; Lycopersicon

esculentum Mill., tomato
;
Nicotiana taba-

cum L., tobacco; Solanum melongena L.,

1937, 316-327; S8, 1941, 761-769; Linn, eggplant ;
iS. m(/rum L., black nightshade.

Cornell Agr. Exp. Sta. (Ithaca), Bull .Recently a long list of species in this and
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VI. Stripe-Disease Group. Viruses inducing diseases characterized by chlorotic

striping; hosts grasses. Vectors, cicadellid and fulgorid leafhoppers.

Genus VI. Fraciilinea^ p. 1159.

QenuB 7. Chlorogenus Holmes.

{hoc. cit., 1.)

Viruses of the Typical Yellows Group, inducing diseases usually characterized by

stimulation of normally dormant and adventitious buds to produce numerous slender

shoots with long internodes, by chlorosis without spotting, or by both growth of nu-

merous slender shoots and chlorosis. Invaded parts abnormally erect in habit. Af-

fected flowers often virescent. Hosts, dicotyledonous plants. Vectors, so far as

known, exclusively cicadellid leafhoppers. Generic name from Greek chloros, light

{;reen or yellow, and suffix, gen^ signifying producing, from Greek genos, descent.

The type species is Chlorogenua callistephi Holmes.

Key to the species of genus Chlorogenus.

I. Natural hosts many, in various

II. Known natural hosts relatively few

A. Natural hosts rosaceous.

B. Natural hosts solanaceous.

C. Natural host sandal.

D. Natural host cranberry.

E. Natural host locust.

F. Natural host alfalfa.

G. Natural host hop.

1. Chlorogenus callistephi Holmes.
(Handb. Phytopath. Viruses, 1939, 2.)

From New Latin Callistephus, generic

name of the China aster.

Common names : Aster-yellows virus,

lettuce white-heart virus, Erigeron-yeh

lows virus.

Hosts : Callistephus chinensis Nees, the

China aster, is the host that has been
studied most. 170 or more species in 38

different families of dicotyledonous

plants have been shown susceptible.

Lettuce, endive, carrot, buckwheat, pars-

nip, and New Zealand spinach are among
the hosts of economic importance.

les of plants.

1. Chlorogenus callistephi.

2. Chlorogenus australiensis

.

3. Chlorogenus persicae.

4. Chlorogenus solani.

5. Chlorogenus santali.

6. Chlorogenus vaccinii.

7. Chlorogenus rohiniae.

8. Chlorogenus medicaginis.

9. Chlorogenus humuli.

Insusceptible species: All tested spe-

cies of the family Leguminosae and some
species of all other tested families have

appeared naturally immune.
Geographical distribution: U. S., Can-

ada, Bermuda, Japan, and Hungary. In

California the celery-yellows strain of

this virus replaces the type.

Induced disease : In most host species

the characteristics of disease are clearing

of veins, followed by chlorosis of newly
formed tissues, stimulation of normally

dormant buds to growth, malformation,

virescence of flowers, sterility, and up-

right growth habit. Stimulation of nor-
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mally dormant buds to adventitious 742, 1940; Ogilvie, Bermuda Dept. Agr.,

growth and abnormally erect habit are Agr. Bull.6, 1927,7-8;Severin, Hilgardia,

the most constant features. Chlorosis is 5, 1929, 543-583; Phytopath., 20, 1930,

absent or inconspicuous in some hosts. 920-921; Hilgardia, 7, 1932, 163-179; 8,

Transmission : By leafhopper. Macro- 1934, 305-325, 339-361
; Phytopath., SO,

steles divisus (Uhl.) (« Cicadula sex- 1940, 1049-1051
; Hilgardia, 1942, 411-

noiaia (Fall.), C. divisa (Uhl.)) (CICA- 440; Severin and Haasis, Hilgardia, 8,

DELLIDAE). Incubation period, 1934, 329-335.

about 2 weeks. Some strains of this virus Strains : Two variant strains, one found

are transmitted also by the leafhoppers in nature, the other derived experiment-

Thamnotettix montanus Van D. and T. ally, have been given varietal names to

geminaius Van D. (CICADELLIDAE). distinguish them from the type variety.

By grafting. By dodder. Not through vulgaris H. (loc, cit., 2)

:

seeds of diseased plants. Not by me-
chanical inoculation of plants, but virus la. Chlorogenus callistephi var. califor-

has been passed from insect to insect nicus H. (foe. cit., 3). From California,

mechanically inMacrosteles divisus; juice name of state in which this strain was first

from viruliferous insects contains little recognized. Common name : Celery-yel-

virus just after inoculation, but the effec- lows strain of aster-yellows virus. Dif-

tive concentration increases at least fering from the type variety by ability to

100-fold between the 2nd and 12th day infect celery (Apium graveolens L.

—

of a 17-day incubation period; it seems UMBELL IFERAE) and zinnio, {Zinnia

greatest before the insects begin to infect elegans Jacq.

—

COMPOSITAE) (Kun-
the aster plants on which they are main- kel, Contrib. Boyce Thompson Inst., 4,

tained. 1932, 405-414
; Severin, Hilgardia, 5, 1929,

Thermal inactivation: In juice from 543-583; 8, 1934, 305-325).

viruliferous insects, at about 40® C in 10

minutes; nt 25° C in 2 to 3 hours. In lb. Chlorogenus callistephi var. ai-

plant tissues, at 38° to 42° C, in 2 to 3 tenuatus H. (loc. cit., 4). From Latin

weeks; cured plants fully susceptible to attenuatus, weakened. Common name:
reinfection. In insect vector, Af. dmsus, Heat-attenuated strain of aster-5’^ellows

at 31° C in 12 days. virus. Differing from the type variety

Other properties : Virus in juices de- by inducing less severe chlorosis and less

rived from insects is more stable at 0° C uprightness of new growth in affected as-

than at 25° C or when frozen; at 0° C it ter plants (Kunkel, Am. Jour. Bot., 24 ,

withstands storage 24, not 48, hours in 0.85 1937, 316-327).

per cent NaCl solution at pH 7.0 but most

of the virus is inactivated in this time ; it 2. Chlorogenus australiensis comb.

withstands dilution 1:1000 in neutral nov. From Australia, name of continent.

0.85 per cent NaCl solution; for brief Synonym: Oalla australiensis ft. {loc.

(less than 5-minute) exposures, it re- ciL, 107).

mains viable over the range from pH 5 Common names : Tomato big-biid virus

;

to 9. virescence virus; perhaps also stowboor

Literature: Black, Phytopath., SI, virus, tobacco stolbur or montar virus,

1941, 120-135; SS, 1943 , 2 (Abst.); John- eggplant little-leaf virus,

son, ibid., St, 1941 , 649-656 ; Kunkel, Am. Hosts : SOLANACEAE—Datura sira-

Jour. Bot., IS, 1926, 646-705; Contrib. monium L., Jimson weed; Lycopersicon

Boyce Thompson Inst., S, 1931, 85-123; escufenfum Mill., tomato; A^'coftanatoda-

4, 1932, 405-414; Am. Jour. Bot., 24, cunt h., iohsucco; Solanum melongena h.,

1937, 316-327 ; 28, 1941, 761-769; Linn, eggplant
;
<8. L., black nightshade.

Cornell Agr. Exp. Sta. (Ithaca), Bull .Recently a long list of species in this and



1148 MANUAL OP DETERMINATIVE BACTERIOLOGY

other families have been reported as sus-

ceptible to virescence virus, presumed to

be an isolate of tomato big-bud virus.

(Hill, Jour. Counc. Sci. Ind. Res., 16

^

1943, 85-92).

Geographical distribution: Australia,

especially New South Wales; viruses

causing somewhat similar diseases have

been reported also from the Crimea and

the northwestern United States.

Induced disease: In tomato, flowers

erect, virescent, calyx bladder-like, pol-

len sterile; floral proliferation. Growth
of axillary shoots stimulated. New
leaves progressively smaller. Youngest

leaves yellowish-green in color, especially

at their margins ; usually purplish under-

neath. Hypertrophy of inner phloem.

No intracellular inclusions. Fruit red-

dens imperfectly and becomes tough and
woody. Roots appear normal. In So-

larium nigrum

^

axillary shoots numerous,

leaves small, internal phloem adventi-

tious. In tobacco, plants dwarfed
; leaves

recurved, distorted, twisted, thickened,

brittle, yellowish green, hanging down
close to stem; small leaves on shoots from

axillary buds; proliferation and vires-

cence of flowering parts
;
chlorotic clear-

ing of veins as early effect of disease;

upper surface of foliage appears glazed;

some necrosis of veins, in old leaves, near

tips and margins or on midrib; viable

seed rarely produced; calyx bladder-like,

floral axis may form short branches bear-

ing small leaves ; disease sometimes called

bunchy top.

Transmission: By leafhopper, Tham-
notettix argentata Evans (CICADELLI-
DAE) . Experimentally by budding and
other methods of grafting. Not by inocu-

lation of expressed juice.

Literature : Cobb, Agr. Gaz. New South

Wales, 15, 1902, 410-414; Dana, Phyto-

path., 50, 1940, 866-869; Hill, Jour, Aus-
tral. Inst. Agr. Sci., 5, 1940, 199-200;

Jour. Council Sci. Ind. Res., 10, 1937,

309-312; 16, 1943, 85-92; Michailowa,

Phytopath., 55, 1935, 539-658; Rischkov
et al*, Ztschr. Pflanzenkr., 4^, 1933, 496-

498; Samuel et al.. Phytopath., 55, 1933,

641-653.

3. Chlorogenus perslcae H. (loc. cit.,

5). From New Latin Fersica, former

generic name of peach.

Common names: Peach-yellows virus,

little-peach virus.

Hosts: ROSACEAE—Primus persica

(L.) Batsch, peach; F. salicina Lindl.,

Japanese plum; and all other tested spe-

cies of the genus Primus.

Geographical distribution: Eastern

United States and Canada, south to

North Carolina. First occurred near

Philadelphia in this country. Origin

perhaps oriental
;
introduction in oriental

plums suspected. Not in Eurojxj.

Induced disease : In i>each, clearing of

veins, production of thin erect shoots

bearing small chlorotic leaves, followed

by death in a year or two. In early stages

of the disease there is premature ripening

of fruit. In Japanese plum, systemic in-

fection but no obvious symptoms.

Transmission: By the leafhopper, Ma-
cropsis trimaculata (Fitch) {CICA DEL-
LIDAE). By budding; virus spreads

down stem from point of bud insertion

faster than up. Not by inoculation of

expressed juice, despite numerous at-

tempts. Not by pollen of diseased trees.

Immunological relationships: Presence

of peach-yellows virus immunizes tree

against little-peach virus, formerly con-

sidered an independent entity.

Thermal inactivation : In peach tissues,

at 34® to 35® C in 4 to 5 days
;
at 44® C in

30 minutes ; at 47® C in 10 minutes
;
at 50®

C in 3 to 4 minutes ; at 56® C in 15 seconds.

Other properties : Trees and bud sticks

may be treated safely with heat sufficient

to kill the virus. Cured trees are sus-

ceptible to reinfection.

Literature : Blake, N. J. Agr. Exp. Sta,,

Bull. 226, 1910; Kunkel, Contrib. Boyce
Thompson Inst., 5, 1933, 19-28; Phyto-

path., 55, 1936, 201-219, 809-830; 58, 1938,

491-497; Manns, Trans. Peninsula Hort.

Soc., 55, 1933, 17-19; Manns and Manns,
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ibid.f 1934, 72-76; McCubbin, Penn-

sylvania Dept. Agr., Gen. Bull. S82, 1924.

Strains: Numerous strains of peach-

yellows virus probably exist in nature.

One of these has been given a varietal

name, distinguishing it from the type

variety, vulgaris H. (loc. ciL, 6)

:

3a. Chlorogenus persicae var. microper-

sica H .
{loc. cit.f 6) . From Greek micros

^

small, and New liatin Persica^ former

generic name of peach. C3ommon name:
Little-peach strain of peach-yellows virus.

Differing from the type variety by tend-

ency to cause a mild type of disease,

characterized by distortion of young

leaves, production of many short branches

on main trunk, later yellowing of mature

leaves, twiggy growth, shoots slightly

less erect than in typical peach yellow's.

(Kunkel, Phytopath., 26, 1936, ^1-219;

26, 1936, 809-830
; 28, 1938, 491-497;

Manns, Trans. Peninsula Hort. Soc., 23,

1933, 17-19; 24, 1934, 72-76.)

4. Chlorogenus solan! H. {loc. cit.,7).

From New Ijatin Solarium, generic desig-

nation of potato. Synonym: Chloroph-

thora solani McKinney, Jour. Washington

Acad.Sci., 3^,1944,151.

Common names : Potato wdtches’-broom

virus, ix)tato wilding or semi-w’ilding

virus.

Hosts: SOLANACEAE—Solarium tu-

berosum L., potato. Experimentally, also

SOLA NACEAE—Lycopersicon esculen-

turn Mill., tomato; Nicoiiana tabacum L.,

tobacco; N. glulinosa L.; AT. rusiica L.

APOCYNACEAE—Vinca rosea L.,

I^riwinkle. CIIENOPODIACEAE—
Beta vulgaris L., sugar beet.

Geographical distribution : United

States (Montana, Washington), Russia.

Induced disease : In potato, increas-

ingly pronounced flavcscencc in new
leaflets on one or more stems, production

of new dwarfed leaflets with marginal

flavescence on stems with unusually long

internodes and enlarged nodes, growth of

spindling axillary and basal branches.

profuse blooming and fruiting, lack of

dormancy in tuber buds, formation of

many small underground tubers as well

as some aerial tul>crs
;
plants grown from

diseased tubers form thread-like stems

and small simple leaves; infected plants

survive several seasons, with progressive

degeneration. In tomato, experimen-

tally, extreme leaf dwarfing, marginal

flavescence of leaves and abnormally

numerous axillary branches; stems be-

come hollow and die
;
plants do not survive

long after infection. In tobacco, experi-

mentally, slender axillary branches wdth

dwarfed leaves, flowers on spindling pedi-

cels, numerous, small
;
later leaves flaves-

cent or marginally flavescent.

Transmission : By tuber-core grafts

w'ith prepatent period of 29 to 114 days.

By stem grafts. By dodder, Cuscuta

campestris Yimckcr {CONVOLVULA-
CEAE). Not by inoculation of ex-

pressed juice. Not by Macrosteles divi-

sus (Uhl.) {CICADELLIDAE). No
insect vector is known. Not through

seeds of diseased tomatoes.

Thermal inactivation: at 42° C in 13

days, in tissues of Vinca rosea

\

at 36° C
in 6 days in small potato tubers.

Literature: Hungerford and Dana,

Phylopath., 14, 1924, 372-383
;
Kunkel, in

Virus Diseases, Cornell Univ. Press,

Ithaca, N. Y., 1943, 63-82; Proc. Am.
Philosoph. Soc., 86, 1943 ,

470-475; Mc-
Larty, Scient . Agr., 3, 1926, 395 ;

Whipple,

Montana Agr. Exp. Sta., Bull. 130, 1919;

Young, Science, 66, 1927, 304-306; Am.
Jour. Bot., 16, 1929 ,

277-279; Young and

Morris, Jour. Agr. Res., 36, 1928, 835-854.

5. Chlorogenus santali H. {loc. cit., 8).

From New Ltitin Santalum, generic desig-

nation of sandal.

Common names: Sandal spike-disease

virus, sandal spike-rosette virus.

Hosts : SANTALACEAE—Santalum

album L., sandal. Spike-like diseases

have been found also in RHAMNEAE—
Zizyphus oenoplia Mill., SAPINDA-
CEAE—Dodonaea viscosa Jacq., VER-
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BENACEAE-^Stachyiarpheta indica

Vahl, and APOCYNACEAE-^Vinca ro-

sea L.

Geographical distribution : South

India.

Induced disease : In sandal, abnormally

profuse blooming at first, suppression of

blooming later ;
reduction in leaf size and

internode length; death ensues in the

third year or earlier. In all but the

youngest leaves of affected branches,

vacuolate intracellular bodies with defi-

nite peripheral membrane, 4 to 9 microns

in maximum diameter, are found.

Transmission : By twig grafts, inserted

buds, and patch grafts, with success de-

creasing in the order named. Prepatent

period 3 to 4 months. Best results in

May and June
;
poorest in October. Per-

haps through seeds, but not through

pollen of diseased plants. Insect trans-

mission claimed, but species not identi-

fied. Reported transmission by Moonia
alhimaculata {CICADELLIDAE) re-

quires further confirmation. Not by
inoculation of expressed juice. Not by
root grafts.

Literature: Coleman, Mysore Dept.

Agr., Mycol. Ser., Bull. 3, 1917; Indian

Forester, 1923. fi-9; Dover, i6id., 60,

1934, 505-506; Narasimhan, Phytopath.,

tS, 1933, 191-202 ; Kangaswami and Sreen-

vasaya, Current Science, 1935, 17-19;

Sreenvasaya, Nature, 1S6, 1930, 957;

Venkata Rao and Gopala Iyengar, Mysore
Sandal Spike Invest. Comm., Bull. 4,

1934, 1-12; Indian Forester, 60, 1934,

689-701.

6. Chlorogenus vaccinil H. (loc. cii.,

10). FromNew Latin Focctmum, generic

designation of cranberry.

Common names : Cranberry false -blos-

som virus, Wisconsin false-blossom virus.

Hosts : ERICACEAE—Vaccinium ma-
crocarpon Ait., cranberry; V. oxycoccus

L. Experimentally, also APOCYNA-
CEAE— Finco rosea L., periwinkle.

COMPOSITAE—Calendula officinalis

L., calendula. SOLANACEAE—Lyco-
persicon esculentum Mill., tomato; Nico-

liana glutinosa L.; N, tabacum L., to-

bacco; Solanum tuberosum L., potato.

Geographical distribution : Eastern

United States and Canada. It is be-

lieved that the virus does not spread in

bogs with alkaline (pH 7.4 to 8.8) flooding

water in Wisconsin though it spreads

rapidly in the more productive bogs with

nearly neutral (pH 6.0 to 7.0) flooding

water.

Induced disease : In cranberry, flowers

erect, instead of pendent as in healthy

plants
;
calyx lobes enlarged, petals short,

streaked with red and green, stamens and

pistils abnormal. Flowers may be re-

placed by leaves or short branches . Dor-

mancy of axillary buds is broken, pro-

ducing numerous erect shoots, forming a

witches* broom. Diseased fruits small,

irregular in shape, erect.

Transmission: By leafhopper, Ophiola

striatula (Fall.) (^Euscelis striatulus

(Fall.)) (CICADELLIDAE). Not by
inoculation of expressed juice. By dod-

der, Cuscuta campestris Yunckcr (CON-
VOLVULACEAE).
Thermal inactivation: At 40® C in 2

weeks in tissues of periwinkle.

Literature : Dobroscky, Contrib. Boyce

Thompson Inst., S, 1931, 59-83; Fracker,

Phytopath., 10, 1920, 173-175; Kunkel,

Science, 96, 1942, 252; Torreya, iS, 1943,

87-95; Shear, U. S. Dept. Agr., Bull. 444,

1916; Stevens, Phytopath., 16, 1925, 85-

91; S4, 1944, 14(>-142; U. S. Dept. Agr.,

Circular 147, 1931 ; Stevens and Sawyer,

Phytopath., 16, 1926, 223-227
;
Wilcox and

Beckwith, Jour. Agr. Res., 47, 1933,

583-590.

7. Chlorogenus roblniae H. (loc. cil.,

13). From New Latin Robinia, generic

designation of locust. Synonym: Poly-

claduB robiniae McKinney, Jour. Wash-
ington Acad. Sci., S4, 1944, 151.

Common names : Locust witches’-

broom virus; locust brooming-disease

virus.

Hosts : LEOUMINOSAE--Robinia
pseudoacacia L., black locust.

Geographical distribution : United
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States (southern Pennsylvania to north-

eastern Georgia, west to southwestern

Ohio and Tennessee).

Induced disease : In black locust, clear-

ing of veins, followed by progressive re-

duction in size of newly formed leaves;

growth of spindly shoots to form witches •

brooms . Roots more brittle
,
shorter, and

darker than normal, with excessive

branching of rootlets, giving the appear-

ance of root brooms.

Transmission: By grafting and bud-

ding. Not by inoculation of expressed

juice. No insect vector is known.

Literature : Grant et al.. Jour. Forestry,

J^O, 1942, 25^260; Hartley and Haasis,

Phytopath., 19, 1929, 163-166; Jackson

and Hartley, Phytopath., f5,1933, 83-90;

Waters, Plant World, 1, 1898, 83-84.

8. Chlorogenus medicaginis H. (loc.

cii,, 14). From New Latin Medicago,

generic designation of alfalfa (lucerne).

Common names : Alfalfa witches’-

broom virus, lucerne witches’-broom

virus, spindle-shoot virus, mistletoe

virus, Kurrajong virus, bunchy-top virus.

Hosts : LEOUMINOSAE—Medicago
saliva L., alfalfa (lucerne).

Geographical distribution : Australia,

especially New South Wales; perhaps

United States.

Induced disease : In alfalfa, plant

dwarfed; leaves small, rounded, chlorotic

at edge, puckered, distorted
; stems short,

spindly, numerous. Flowers usually not

formed, but sometimes pale and small,

sometimes replaced by leafy structures.

Seed rarely produced.

Transmission: By grafting. Not by
inoculation of expressed j uice . No insect

vector is known.

Literature : Edwards, Jour. Australian

Inst. Agr. Sci., 1, 1935, 31-32; New South

Wales Dept. Agr., Science Bull. 52, 1936;

Agr. Gaz. New South Wales, 47, 1936,

424-426; Richards, U. S. Dept. Agr.,

Plant Disease Reporter, Supplement, 71,

1929, 309-310.

9. Chlorogenus humuli H. {loc. cit.,

15). From New Latin Humulus, generic

designation of the hop.

Common names : Hop-nettlehead virus,

silly-hill disease virus, virus of infectious

-

sterility of the hop.

Hosts : MORACEAE—Humulus lupu-

lus L., European hop.

Geographical distribution : England,

Czechoslovakia, Germany, Poland.

Induced disease : In hop, stems numer-
ous, spindly, short, plants weak. Leaves

curled upward at margin; cone produc-

tion greatly reduced.

Transmission : By grafting. Not by in-

oculation of expressed juice. Not
through soil. No insect vector is known.

Literature : BlattnJ^ and Vukolov, Rec.

Inst. Rech. Agron. R6p. Tch5cosl., 1S7,

1935, 3-18; Goodwin and Salmon, Jour.

Inst. Brew., S8, 1936, 209-210; Salmon,

ibid., SB, 1935, 235-237; SS, 1936, 184-186;

Salmon and Ware, Jour. South-Eastern

Agr. College, Wye, Kent. S7, 1936, 21-25.

Genus II. Carpophthora McKinney emend.

(Jour. Washington Acad. Sci., S4, 1944, 152.)

Peach X-Disease Group; viruses inducing diseases characterized in general by
resetting of foliage and sometimes death of host. Generic name from Greek, meaning
fruit and ruin or destruction.

The type species is Carpophthora lacerans McKinney.

Key to the species of genus Carpophthora.

I. Inducing chlorosis, reddening, and tattering of foliage, with rosette formation
late in the disease in some hosts.

1. Carpophthora lacerans.
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II. Inducing rosette formation characteristically, but not tattering of affected

foliage.

1. Carpophthora lacerans (Holmes)

McKinney. (Marmor lacerans Holmes,

Handb. Phytopath. Viruses, 1939, 82;

McKinney, Jour. Washington Acad. Sci.,

34, 1944, 152.) From Latin lacerare, to

lacerate, in reference to characteristic

foliage injury.

Common name : Peach X^disease virus

;

virus of peach yellow-red virosis.

Hosts: ROSACEAE—Prunua peraica

(L.) Batsch, peach; P. virginiana L.,

chokecherry.

Geographical distribution : United

States, Canada.

Induced disease : In peach, foliage nor-

mal each spring but yellowish areas ap-

pear in June at base of leaves; affected

trees appear lighter green than neighbor-

ing healthy trees
;
discolored spots occur

at random on the leaf blade, becoming red

and yellow viith remainder of leaf becom-

ing chlorotic ; the discolored areas usually

fall out, leaving the foliage tattered ; sub-

sequently, affected leaves drop except at

tips of branches; young trees may die,

older ones survive indefinitely. Fruit

either shrivels and falls or ripens prema-

turely, with bitter flavor and no viable

seed. In chokecherry, conspicuous pre-

mature reddening of foliage, development

of fruits with dead embryos in the pits

;

in the second and third seasons after

infection, duller colors of foliage, rosettes

of small leaves on terminals; death fol-

lows the advanced stage of disease.

Transmission: By budding. Not by
inoculation of expressed juice. No insect

vector has Ixien reported.

Literature: Berkeley, Div. of Botany

and Plant Path., Science Service, Do-
minion Dept. Agr., Ottawa, Canada, Pub-
lication 678

f

1941 ;
Boyd, U. S. Dept. Agr.,

Plant Dis. Rep., 33, 1938, 334; Hilde-

brand, Contrib. Boyce Thompson Inst.,

D, 1941, 485-496; Hildebrand and Pal-

miter, U. S. Dept. Agr., Plant Dis. Rep.,

2. Carpophthora roaettae

33, 1938, 394-396; Hildebrand et al..

Handbook of virus diseases of stone fruits

in North America, Michigan Agr. Exp.

Sta., Misc. Publ., 1942, 21-24; Stoddard,

Connecticut Agr. Exp. Sta., Circ. /33,

1938, 54-60; Proc. Connecticut Poinol.

Soc., JfS, 1938, 29-32.

2. Carpophthora rosettae (Holmes)

comb. nov. (Chlorogenua roaettae H.,

nomen nudum. Phytopath. 29, 1939, 434;

Nanua roaettae H., Handb. Phytopath.

Viruses, 1939, 125.) From rosette, com-
mon name of induced disease, from

French, diminutive of rose, a rose.

Common name: Peach-rosette virus.

Hosts: ROSACEAE—Prunua peraica

(L.) Batsch, peach
;
P. communis Fritsch,

almond; P. domestica L., plum. Experi-

mentally, also

—

APOCYNACEAE—
Vinca rosea L., periwinkle. ROSA-
CEAE—P. americana Marsh., wild plum

;

P. armeniaca L., apricot; P. cerasus L.,

cherry; P. pumila L., sand cherry.

SOLANACEAE—Lycopersicon esculen-

tum Mill., tomato
;
Nicotiana glutinosa L.

Geographical distribution : United

States (Georgia, Alabama, South Caro-

lina, Tennessee, West Virginia, Missouri,

Oklahoma).

Induced disease: In peach, sudden
wilting and death, or growth of abnor-

mally short stems bearing dwarfed leaves

with clearing and thickening of veins,

followed by death in a few months.

Transmission: By budding. By dod-

der, Cuacuta campeatris Yuncker. Not
by inoculation of expressed juice. Not
through soil. No insect vector is known.

Immunological relationships: No pro-

tection is afforded by previous infection

of peach trees with Chlorogenua peraicae,

peach-yellows virus.

Thermal inactivation: At 50° C in 10

minutes (in tissues of peach). Rosetted

trees are abnormally susceptible to heat
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injury and heat treatments cure peach-

rosette disease only in recently infected

trees.

Literature: Kunkel, Phytopath., 26,

1936, 201-219, 809-830; in Virus Diseases,

Cornell Univ. Press, Ithaca, N. Y., 1943,

63-82; McClintock, Jour. Agr. Res., 24,

1923, 307-316; Phytopath., 21, 1931, 373-

386; Smith, U. S. Dept. Agr., Div. Veg.

Path., Bull. 1, 1891.

Genua III, Morsus gen, nov,

Alfalfa-Dwarf Group; viruses inducing diseases characterized in general by sud-

den wilting and death or by gradual decline of vigor with foliage of darker green

color than normal. Vectors, like those of the typical yellows subgroup, cicadellid

leafhoppers so far as known. Generic name from Latin morsua, sting or vexation.

The type species is Morsua auffodiena spec, nov.

Key to the species of genua Morsus.

I. Affecting alfalfa and grape.

II. Affecting tobacco.

III. Affecting elm.

1. Morsus aufodiens,

2. Morsua reprimena.

3. Morsus ulmi.

1. Morsus suffodiens spec. not;. From
I.Atin suffodere, to sap or undermine, in

reference to process leading to sudden

collapse of long infected, but sometimes

not obviously injured, grai)e vines as well

as to progressive decline in size of in-

fected alfalfa plants, the foliage of which

may remain green to the last.

Common names : Alfalfa-dwarf virus,

lucerne dwarf-disease virus, virus of

Pierce’s disease of the grape, virus of

Anaheim disease.

Hosts : LEG UMINOSAE—Medicago

saliva L., alfalfa (lucerne). VITA-
CEAE— Viiis vinifera L., grape.

Geographical distribution: United

States.

Induced disease : In alfalfa, leaves

small but green, plant progressively

smaller, wood of roots discolored yellow”,

transpiration decreased
;
wilting may oc-

cur; starch of root diminished; plant

eventually succumbs, thinning stand

prematurely. In grape, dark green color

of leaves retained along veins, not be-

tween them, or no abnormality in appear-

ance of foliage
;
wilting and sudden death

of plant in summer of second year. In

late summer of first year, there may be

dying leaf margins and dying back of cane

tips.

Transmission: By budding and root

grafting. By leafhoppers, Draeculace-

phala minerva Ball, Carneocephalafulgida

Nott., C. triguttata Nott., Helochara delta

Oman, Neokolla circellata (Baker), N.
goihica (Sign.), N, conjluens (Uhler),

N. heiroglyphica (Say), and Cuerna oc-

cidentalis Oman and Reamer {CICA-
DELLIDAE)\ these vectors all belong

to the subfamily Amblycephalinae; all

tested species of this, but none of any
other, subfamily have proved capable

of transmitting this virus. Not by in-

oculation of expressed juice . Not through

soil.

Literature: Frazier, Phytopath., S4,

1944, 1000-1001; Hewitt, Phytopath., 29,

1939, 10; SI, 1941, 862; Blue Anchor, 18,

1941, 16-21, 36; Hewitt et al.. Phytopath.,

S2, 1942, 8; Houston et al., Phytopath.,

S2, 1942, 10; Milbrath, Calif. Dept. Agr.,

20th Ann. Kept., Bull. 28, 1940, 571;

Pierce, U. S. Dept, of Agr., Div. of Veg.

Path., Bull. 2, 1892, 1-222; Weimer,

Phytopath., 21, 1931, 71-75; 27, 1937,

697-702; Jour. Agr. Res., 47, 1933, 351-

368; 55, 1936, 333-347 ; 55, 1937, 87-1(4.
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2. Morsus reprimens spec, nov. From

Latin reprimere, to restrain, check, or

curb, in reference to the inhibiting effect

on growth of the host plant, tobacco.

Common name : Tobacco yellow-dwarf

virus.

Hosts : SOLANACEAE—Nicoiiana

tabacum L., tobacco; N, matica L., In-

dian tobacco; N. irigonophylla Dun.

Experimentally, also N. glauca Grab,

(symptomless) and N
.
glutinosa L.

Geographical distribution ; Australia

(Victoria, New South Wales, South Aus-

tralia, and southern Queensland).

Induced disease : In tobacco, internodes

of stem shortened, leaves small; down-

ward bending of tips and rolling under of

margins of young apical leaves; young

leaves darker than normal at first,

bunched, later appear ribbed; leaves be-

come yellow-green, pale first between

veins; old leaves rugose, thickened, later

savoyed. Root system small, roots

slightly brown externally and in the re-

gion of the phloem. Affected plants may
survive the winter and show diseased new
growth in the spring.

Transmission: By grafting and bud-

ding. By nymphs and adults of the leaf-

hopper, Thamnotettix argentata (Evans)

(CICADELLIDAE).
Literature: Dickson, Australia, Coun-

cil Sci. Indust. Res., Pamphlet 14, 1929,

22; Hill, Australia, Journal of the Coun-

cil Sci. Indust. Res., 10

^

1937, 228-230;

U, 1941, 181-186; 15, 1942, 13-25.

3. Morsus ulmi spec. nov. From Latin

ufmMS,elm.

Common name: Elm phloem-necrosis

virus.

Host: URTICACEAE—Ulmus ameri-

cana L., American elm.

Geographical distribution : United

States (Ohio, Indiana, Illinois, Missouri,

Tennessee, Kentucky, and West Vir-

ginia).

Induced disease: In elm, gradual de-

cline over a period of 12 to 18 months

before death or sudden wilt, drying

of leaves, and death within 3 to 4 weeks.

All ages susceptible, from seedling to

large tree.

Transmission : By patch grafting. Not

by inoculation of expressed juice.

Literature: Leach and Valleau, U. S.

Dept. Agr., Plant Die. Rept., 1939,

30(>-301; Swingle, Phytopath., 50, 1940,

23.

Genus IV. Aureogenus Black.

(Proc. Am. Philos. Soc., 88, 1944, 141.)

Viruses of the Yellow-Dwarf Group, inducing diseases characterized by yellowing

without typical mosaic-type mottling. Vectors agallian leafhoppers {CICADELLI-
DAE). Generic name from Latin aureus, yellow or golden, and genus, group.

The type species is Aureogenus vastana (Holmes) Black.

Key to the species of genus Aureogenus.

I. Mechanically transmissible in some hosts by rubbing methods of inoculation.

Not producing enlarged veins or club-leaf in clover.

1. Aureogenus vastans.

II. Not known to be transmissible by rubbing methods of inoculation.

A. Producing enlarged veins in clover.

2. Aureogenus magnivena,

B. Producing club-leaf in clover.

3. Aureogenus elavifolium.
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1. Aureogenus vastans (Holmes)

Black. (Marmor vastans Holmes,

Handb. Phytopath. Viruses, 1939, 94;

Black, Proc. Am. Philos. Soc., 88, 1944,

141.) From Latin vastare, to devastate.

Common name: Potato yellow-dwarf

virus.

Hosts: SOLANACEAE—Solanum tu-

berosum L., potato. COMPOSITAE—
Chrysanthemum leucanthemum L., var.

pinnatifidum Lecoq and Lamotte, daisy;

Rudheckia hirta L., black-eyed Susan.

CRUCIFERAE—Barharea vulgaris R.

Br., ommon winter cress. LEGU-
MINOSAE— Trifolium pratense L., red

clover. Experimentally to numerous

species in these and other families.

Geographical distribution : Northeast-

ern United States and southeastern

Canada.

Induced disease : In potato, yellowing

of leaves, necrosis of stem, dwarfing of

plant; the stem, if split, shows rusty

specks especially at nodes and apex; the

apex dies early; tubers are few, small,

close to the stem, often cracked, with

flesh discolored by scattered brown

specks; seed tubers tend to remain un-

rotted in the ground, l>ecoming hard and

glassy ;
some of them do not germinate in

warm soil, others produce shoots that die

before reaching the surface, giving poor

stands. In Chrysanthemum leucanthe-

mum var. pinnatifidum, at first, clearing

of veins; later, young leaves distorted,

thick, stiff, small; petioles short, leaves

erect, forming a rosette at the crown of

the plant; wdth passing of the early

phases of the disease, foliage tends to

appear nearly normal, but remains darker

green and more erect than that of healthy

plants; virus is recoverable both during

and after the period of obvious disease

and infected plants may constitute an

important reservoir. In Trifolium in-

carnatum L., crimson clover, experiment-

ally, clearing of veins and yellowing of

younger leaves (in summer the yellowing

is usually replaced in part by an inter-

veinal reddish-brown color on both leaf

surfaces extending from the margins in-

wards); dwarfing of entire plant; death

or a chronic disease characterized by
milder manifestations without, however,

vein enlargement or cupping of leaves.

In Nicotiana rustica L., experimentally,

yellowish primary lesions followed by
clearing of veins and systemic chlorosis

;

the primary lesions facilitate quantitative

estimation of concentrations of this virus.

Transmission: By inoculation of ex-

pressed juice, in the presence of finely

powdered carborundum, to Nicotiana

rustica; mechanical transmission very

difficult in other hosts tested. By graft-

ing. By clover leafhopper, Aceratagallia

sanguinolenta (Provancher) ; experiment-

ally, by other closely related leafhoppers,

Aceratagallia lyrata (Baker), A. obscura

Oman, and A. curvata Oman
;
not (for the

type variety of the virus) by Agallia con-

stricta Van Duzee ;
very rarely by Agallia

quadripunctaia (Provancher) and Agal-

liopsis novella (Say) (CICADELLI-
DAE). The vector Aceratagallia san-

guinolenta remains infective as an over-

wintering adult; incubation period not

less than 6 days, commonly much longer;

virus does not pass to progeny of virulif-

erous leafhoppers through eggs or sperm

;

this leafhopper varies genetically in

ability to transmit.

Immunological relationships: No pro-

tection is afforded against necrotic effects

of a testing strain of this virus (var.

lethale Black) by prior inoculation of

Nicotiana rustica with isolates of Marmor
medicaginis, M. cucumeris. A/, upsilon.

Annulus tabaci, A. orae, or A. dubius,

but the varieties vulgare Black and agal-

liae Black protect ; these specifically pro-

tecting strains give no similar protection

against formation of necrotic lesions by
subsequently applied isolates of Marmor
tabaci, M, lethale, Annulus tabaci, or A.
orae.

Thermal inactivation : At 50 to 62"* C in

10 minutes.
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Filterability : Passes Berkefeld W
filter.

Other properties: Virus viable at 23

to 27° C less than 13 hours after extraction

of juice from diseased plant ;
not infective

after drying in leaf tissues.

Literature : Barrus and Chupp, Phyto-

path., 1922, 123-132; Black, Am. Po-

tato Jour., 11 y 1934, 146-152; Cornell

Univ. Agr. Exp. Sta., Mem. 209, 1937,

1-23; Phytopath., 28y 1938, 863-874; Am.
Jour. Bot., 27

y

1940, 386-392; Am. Potato

Jour., ISy 1941, 231-233; Phytopath., 55,

1943, 363-371; Genetics, 55, 1943, 200-

209; Proc. Am. Philos. Soc., 55, 1944,

132-144; Hansing, Cornell Univ. Agr.

Exp. Sta., Bull. 792, 1943; Price and
Black, Am. Jour. Bot., 55, 1941, 594-595;

Taylor, Am. Potato Jour., 15, 1938, 37-40;

Walker and Larson, Jour. Agr. Res., 55,

1939, 259-280; Watkins, Jour. Econ. Ent.,

55, 1939, 561-564 ;
Cornell Univ. Agr. Exp.

Sta., Bull. 758, 1941, 1-24; Younkin, Am.
Potato Jour., 19

y

1942, 6-11.

Strains : Beside the type variety,

Aureogenm vaslans var. vulgar

e

Black

(Am. Jour. Bot., 57, 1940, 391), on which

the species is based, two distinctive

strains have been given varietal names

:

la. Aureogenua vastaus var. agalliae

Black. (Am. Potato Jour., 15, 1941,233.)

From New Latin Agalliay generic name of

vector of this strain. Common name:
New Jersey strain of potato yellow-dwarf

virus. Differing from the type especially

in its distinctive vector, the leafhopper,

Ajfallia conatricta Van Duzee, which is

incapable of transmitting the type strain,

and in not being transmitted by Acerata-

gallia aanguinoUnta (Provancher), com-

mon vector of the type variety. Experi-

mentally, transmitted also by Agallia

quadripunctata (Provancher)
;

perhaps

rarely by Agalliopaia novella (Say);

Differing but little from the type in ef-

fects on potato (var. Green Mountain)

and Nicotiana rusiica but more definitely

in effects on crimson clover, in affected

plants of which a rusty-brown necrosis

along the veins, not induced by the type

strain, is always present in some degree.

lb. Aureogenus vaatans var. lethale

Black. (Am. Jour. Bot., 57, 1940, 391.)

From Latin lethaliay causing death.

Common name : Strain B5 of potato yel-

low-dwarf virus. Differing from the type

variety especially in a tendency to induce

in Nicotiana rusticay experimentally,

brown primary lesions with necrotic gray

centers, systemic yellowing, extensive

necrosis of veins, collapse of large areas

of leaf, and sometimes death of the host

;

not known to occur in nature as a separate

strain, but readily isolated as a variant

from strains collected in nature.

2. Aureogenus magnlvena Black.

(Proc. Am. Philos. Soc., 55, 1944, 144.)

From Latin magnuSy large, and venOy vein.

Common name : Clover big-vein virus.

Host: Experimentally, LEGUMINO-
SAE— Trifolium incarnatum L., crimson

clover.

Insusceptible species: SOLANA-
CEAE—Nicotiana rustica L., Indian to-

bacco; Solanum tuberosum L., potato.

Geographical distribution : United

States (presumably, Washington, D. C.).

Induced disease : In crimson clover,

experimentally, unevenly thickened

veins which are depressed below the up-

per surface of the leaf; these enlarged

veins, best observed from below, some-

times bear enations that arise from their

lower surfaces, leaves often curl upward

and inward marginally; in summer, yel-

lowing of leaves progresses from margins

inward, the yellow color being later re-

placed in part by red or purple red;

petioles undulating; plants dwarfed;

internodes shortened; no clearing of

veins; no rusty-brown necrosis.

Transmission: Not by inoculation of

expressed juice. By leafhoppers, Agal-

liopaia novella (Say), Agallia conatricta

Van Duzee, A. quadripunctata (Provan-

cher); not by Aceratagallia aanguino-

lenta (Provancher) (CICADELLIDAE),
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Aureogenus clavlfollum Black.

(Proc. Am. Philos. Soc., 88, 1944, 141.)

From Latin data, club, and folium, leaf.

Common name : Clover club-leaf virus.

Host: Experimentally, LEGUMINO-
SAE— Trifolium incarnatum L., crimson

clover.

Insusceptible species: SOLANA-
CEAE—Nicoliana rusiica L., Indian to-

bacco
;
Solanum tuberosum L., potato.

Geographical distribution ; United

States (Princeton, N. J.).

Induced disease : In crimson clover, ex-

perimentally, youngest leaves lighter

green than normal, slow to unfold; leaf

margins yellowed or colored red or purple

red; affected leaves narrow, smooth or

savoyed
;
plant dwarfed, new shoots from

leaf axils slightly stimulated ;
new growth

of spindly stems and small leaves; no

rusty-brown necrosis of veins, no obvious

enlargement of veins, and no obvious

clearing of veins at the onset of disease.

Transmission: Not by inoculation of

expressed juice. By leafhopper, AgaL
liopais novella (Say) iCICADELLT
DAE ) ;

not by leafhoppers, Aceralagallia

sanguinolenta (Provancher), Agalliacon-

stricta Van Duzee, nor A. quadripunctata

(Provancher) (CICADELLIDAE)

.

Genus V. Galla Holmes,

(hoc. cii., 106)

Viruses of the Fiji-Disease Group, inducing diseases characterized by vascular

proliferation. Generic name from Latin galla, a gall nut.

The type species is Galla fijiensis Holmes.

Key to the species of genus Galla.

I. Infecting sugar cane.

A. Inducing formation of conspicuous galls.

1. Galla fijiensis.

B. Not inducing formation of conspicuous galls.

2. Galla queenslandiensis.

II. Infecting anemone.

3. Galla anemones.

III. Infecting peach.

4. Galla verrucas.

IV. Infecting corn.

5. Galla zeac.

1. Galla fijiensis Holmes. (Ilandb.

Phytopath. Viruses, 1939, 106.) From
name of Fiji Islands.

Common name: Fiji -disease virus.

Host : GRAM INEAE—Saccharum ofil-

cinarum L., sugar cane.

Geographical distribution : Fiji Islands,

New ^uth Wales, Java, Philippine Is-

lands, New Guinea and New Caledonia.

Induced disease: In sugar cane, galls

on vascular bundles, formed by prolifera-

tion of phloem and nearby cells. Af-

fected cells show characteristic spherical

or oval inclusion bodies. Developing

leaves shortened, crumpled, abnormally

dark green. Infected stools of cane be-

come bushy. Roots small, bunchy.

Transmission : By leafhoppers, Perkin-

Stella saccharicida Kirk, (in Queensland)

and P. vastatrix Breddin (in Philip-

pine Islands) (FULGORIDAE, sub-

family Delphacinae)

.

Not by grafting.

Not by inoculation of expressed juice.

Not through eggs of P. vastatrix. Cut-

tings taken from affected canes produce

some healthy and some diseased plants,

because virus does not become uniformly

distributed throughout the host tissues.

Literature: Kunkel, Bull. Exp. Sta.,

Hawaiian Sugar Planters* Assoc., Bot.
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Ser., 5, 1924, 99-107; Lyon, ibid., 5, 1921,

1-43; Hawaiian Planters’ Rec., 1915,

200; Mungomery and Bell, Queensland,

Bur. Sugar Exp. Sta., Div. Path., Bull.

4, 1933; Ocfemia, Am. Jour. Bot., it,

1934, 113-120; Ocfemiaand Celino, Phyto-

path., 1939, 612-617 ;
Reinking, Phyto-

path 1 1 , 1921 , 334-337

.

2. Galla queenslandiensis H. {loc. cit.,

109). From Queensland, where the in-

duced disease was first studied.

Common name: Sugar-cane dwarf-dis-

ease virus.

Host : ORAMINEAE—Saccharum offi-

cinarum L., sugar cane.

Geographical distribution
:
Queensland.

Induced disease: In sugar cane, young

leaves marked with scattered chlorotic

streaks, leaves stiff and erect, spindle

twisted, abnormally short and pale. As
leaves mature, streaks disappear, leaves

become darker than normal green. In

recently infected plants, vascular bun-

dles are enlarged, irregular in shape, fused

and characterized by abnormal prolifera-

tion of thin-walled lignified cells.

Literature: Bell, Queensland, Bur.

Sugar Exp. Sta., Div. Path., Bull. 3, 1932.

3. Galla anemones H. (loc. cit., 108).

From Latin anemone, anemone or wind-

flower.

Common name: Anemone-alloiophylly

virus.

Hosts: RANUNCULACEAE--Ane-
mone nemorosa L., vernal windflower; A.

ranunculoidea L.; A. trifolia L.

Geographical distribution: Germany.

Induced disease : Leaves thickened and

distorted, petioles thickened. Flowers

distorted or not formed. Vascular bun-

dles larger and more numerous than in

healthy plants. Palisade cells short,

chloroplasts smaller and fewer than nor-

mal.

Transmission : By needle puncture into

rhizomes immersed in filtered juice of dis-

eased plant. By contamination of soil

with fragments of diseased leaves or

rhizomes.

Literature: Klebahn, Bericht. d.

Deutsch. Bot. Gesellsch., 15, 1897, 527-

636; Ztschr. wissensch. Biol., Abt. E,

Planta, 1, 1926, 419-440
; 6, 1928, 40-96;

Phytopath. Ztschr., 4, 1932, 1-36; 9,

1936, 357-370.

4. Galla vemicae Blodgett. (Phyto-

path., 35, 1943, 30.) From Latin verruca,

wart. Originally spelled verruca, ap-

parently by a typographical error, which

was corrected twice on the following page,

once in a statement that the genitive rcr-

rucae had been given as specific epithet.

Common name : Peach-wart virus.

Host : ROSACEAE—Prunus pereica

(L.) Batsch, peach.

Geographical distribution : United
States (Idaho, Washington, Oregon).

Induced disease: In peach, no charac-

teristic effect on foliage. Fruits blis-

tered, welted, later with warty out-

growths conspicuously raised. Affected

tissues light tan to red, rough, cracked

and russeted, or smooth. Gumming
usual, often severe. Warty tissue super-

ficial; underlying tissues coarse, filled

with gum pockets, but not abnormal in

flavor. Warty tissue may be hard and
bony, but more often it is merely tougher

than normal.

Transmission : By budding and in-

arching.

Literature: Blodgett, Phytopath., SI,

1941, 859-860 (Abst.) ; 55, 1943, 21-32.

5. Galla zeae McKinney. (Jour.

Washington Acad. Sci., 54, 1944, 328.)

From Latin zea, a kind of grain.

Ck)mmon name: Wallaby-ear disease

virus.

Host: GRAMINEAE—Zea mays L.,

corn (maize).

Geographical distribution : South-

eastern Queensland, Australia.

Induced disease: In corn (maize),

small swellings on secondary veins on
undersides of young leaves, spreading to

base and tip of leaf along veins; plant

dwarfed, becoming abnormally deep green

and deficient in development of pollen;

silk, cobs, and grain retarded in growth.
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Transmission: By leafhopper, Ctcatiwia Literature: Schindler, Jour. Austral.

bimaculata Evans (CICADELLIDAE). Inst. Agr. Sci., 8, 1942, 35-37.

Genus VI. Fractilinea McKinney,

(Jour. Washington Acad. Sci., 5-#, 1944, 148.)

Viruses of the Stripe-Disease Group
;
hosts grasses ; insect vectors, cicadellid and

fulgorid leafhoppers. Generic name from Latin, meaning interrupted and line.

The type species is Fractilinea maidis (Holmes) McKinney.

Key to the species of genus Fractilinea.

I. Vectors, cicadellid leafhoppers.

II. Vectors, fulgorid leafhoppers.

1. Fractilinea maidis (Holmes) Mc-
Kinney. (Marmor maidis Holmes,

Handb. Phytopath. Viruses, 1939, 56;

Fractilinea maidis McKinney, Jour.

Washington Acad. Sci., 34, 1944, 149.)

From New I.,iitin mays^ corn (i.e. maize).

Common name: Maize-streak virus.

Hosts: GRAM INEAE—Zea mays L.,

corn (maize); Digitaria horizonialis

Willd., Eleusine indica Gaert.; Sac-

charum officinarum L., sugar cane.

Geographical distribution: Africa.

Induced disease : In corn, pale sjx)ts at

base of young leaf, followed by chlorotic

spotting and streaking of subsequently

formed leaves. Virus moves rapidly (up

to 40 cm in 2 hours at 30° C) after intro-

duction into host plant by insect. More
virus in chlorotic spots than in green areas

of affected leaves.

Transmission: By leafhoppers, Cica-

dulina (=* Balcluiha) mbila (Naude), C.

zeae China, and C. storeyi China (CIOA-

BELLIDAE). In C. mbila ability to

transmit this virus is controlled by a

sex-linked dominant gene; active male

(AX) (Y), inactive male (aX) (Y), inac-

tive female (aX) (aX), active female

(AX) (AX) or (AX) (aX). Inactive in-

dividuals ingest virus when feeding, but

can become infective only if the intestine

1. Fractilinea maidis.

2. Fractilinea oryzae.

3. Fractilinea tritici.

4. Fractilinea quarta.

6. Fractilinea zeae.

6. Fractilinea avenae.

is wounded purposely or accidentally.

If inoculated artificially by introducing

virus into blood, both active and inactive

insects become infective. Incubation

period, 6 to 12 hours at 30° C. Young not

infected through the egg. Infective leaf-

hopper cannot transmit virus unless feed-

ing puncture exceeds a minimum period,

about 5 minutes in duration. This virus

has not been transmitted to its plant

hosts by inoculation of expressed juices.

Filterability : At pH 6, passes Cham-
berland Li and Lj, Berkefeld V and N,
filters; retained by Seitz E K filter disc.

Literature: Storey, Ann. Appl. Biol.,

12, 1925, 16, 1928, 1-25; 19, 1932,

1-5; Proc. Roy. Soc., B, 112, 1932, 46-60;

113, 1933, 463-485; 125, 1938, 455-477;

Ann. Appl. Biol., 21, 1934, 588-589 ; 24,

1937, 87-94; East Afr. Agr. Jour., 1, 1936,

471-475
;
Storey and McClean, Ann. Appl.

Biol., 17, 1930, 691-719.

Strains: Two strains that differ radi-

cally from the type, var. iypicum H.
{loc. cit., 56), have been given varietal

names, as follows

:

la. Fractilinea ynaidis var. sacchari H.

{loc. cit., 57). From New Latin Sac-

charum, generic name of sugar cane.

Common name: Cane-streak strain of
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maize-streak virus. Differing from the

type strain in being specialized for at-

tacking sugar cane, in which the type

(from maize) tends to be localized or

finally lost with resultant spontaneous

recovery of the temporary host. The
cane-streak strain usually spreads readily

in the cane plant; leaves become much
marked with broken, narrow, pale, longi-

tudinal stripes and spots; stems remain

unaffected. One variety of sugar cane,

P.OJ. 213, is resistant and, if infected,

tends to recover. (McClean, Intern.

Soc. Sugar Cane Techn., Bull. 27, 1932;

Proc. So. Afr. Sugar Tcchn. Assoc., 1936,

1-11; Storey, Kept. Imp. Bot. Conf.,

liOndon, 1924, 132-144; Union So. Afr.

Dept. Agr., Sci. Bull. 39, 1935; Ann. Appl.

Biol., 17, 1930, 691-719.

lb. Fractilinca maidis var. miiis H.

(loc. cit.f 58). From Latin mitts

^

mild.

Common name: Mottle strain of maize-

streak virus. Differing from the typical

strain by the mildness of the disease in-

duced in corn (maize), transitory chlo-

rotic mottling of newly developed leaves,

followed by fading of mottling and pro-

duction of apparently normal leaves.

Young leaves, while mottled, are less

rigid than normal and may not remain as

nearly erect as healthy leaves. (Storey,

Ann. Appl. Biol., F4, 1937, 87-94.)

2. Fractllinea oryzae (Holmes) comb,

nov. (Marmor oryzae Holmes, loc. cif.,

64.) From Latin oryza, rice.

Common name: Rice dwarf-disease

virus.

Hosts: ORAMINEAE-—Oryza saliva

L., rice. Experimentally, also Alope-

curus fulvus L.; Avena sativa L., oat;

Echinochloa crusgalli Beauv. var. edulis

Honda; Panicum miliaceum L.; Poa
pratensis L.

; Secale cereale L., rye;

Triticum vulgarg Vill., wheat.

Insusceptible species: QRAMINEAE
—Zea mays L., corn (maize); Hordeum
vulgareL.,bBx\ey

; Setaria italica Beauv.,

foxtail millet
;
Andropogon sorghum Brot.

(«• /foZcws L.), sorghum.

Geographical distribution : Japan, Phil-

ippine Islands.

Induced disease : In rice, yellowish

green spots along veins of young leaf, fol-

lowed by chlorotic spotting and streaking

of subsequently formed leaves. Growth

stunted, internodes and roots abnormally

short, forming a dwarf plant. Vacuolate

intracellular bodies, 3 to 10 by 2.5 to 8.5

microns in size, close to nuclei of cells in

affected tissues.

Transmission : By leafhoppcrs, Nepho-

tetiix apicalis var. cincticeps Uhler, N.

bipunctatus Fabr., and Dcltocephalus dor-

saZ/sMotsch. {CICADELLIDAE). Vi-

rus transmitted through some of the eggs

but through none of the sperm of infected

individuals of .V. apicalis. Transfer

from individuals thus infected through

the egg to their progeny likewise demon-

strated, even to the 7th generation. This

is the only confirmed instance of trans-

mission of a phytopathogcnic virus

through the eggs of an insect vector and

is considered as evidence that the virus

multiplies within the body of its vector as

well as in its plant hosts. Incubation

period in insect usually 30 to 45 days after

first feeding on an infected plant, some-

times as short as 10 or as long as 73 days

;

nymphs from viruliferous eggs do not be-

come infective until 7 to 38 (average 19)

days after emergence. Transmission by
inoculation of expressed juice lias not

been demonstrated. No transmission

through seeds from diseased rice plants.

No soil transmission.

Literature: Agati et al., Philippine

Jour, Agr., 12

^

1941, 197-210; Fukushi,

Trans. Sapporo Nat. Hist. Soc., 12^ 1931,

35-41
; Proc. Imp. Acad., Tokyo, P, 1933,

457-460; Jour. Fac. Agr. Hokkaido Imp.

Univ., 57, 1934 ,
41-164; Trans. Sapporo

Nat. Hist. Soc., /5, 1934, 162-166; Proc.

Imp. Acad., Tokyo, 11, 1935, 301-303;

IS, 1937, 328-331; 16, 1939, 142-145;

Jour. Fac. Agr. Hokkaido Imp. Univ.,

46, 1940, 83-154; Katsura, Phytopath.,
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1936, 887-896; Takata, Jour. Japan

Agr. Soc., 171, 1895, 1-4; m, 1896, 13-32

(Takata ^8 papers, in Japanese, constitute

the first published record of transmission

by an insect of a virus causing disease in

a plant, the leafhopper Dcltocephalus dor-

salis Motsch. transmitting dwarf-disease

virus to rice; see Fukushi, 1937, cited

above).

3. Fractlllnea tritlcl McKinney. (Jour.

Washington Acad Sci., 54, 1944, 327.)

From Latin iriiicurn, wheat.

Common name : Winter-wheat mosaic

virus.

Hosts: GRAMINEAE— Triticum aes-

tivum L., wheat; SecaU ccreale L., rye;

Avena hyzantina; A. falua L., wild oat;

A. saliva L., oat; Hordeum vulgare L.,

barley.

Geographical distribution: Union of

Soviet Socialist Republics.

Induced disease : In winter wheat and

rye, chlorotic mottling; profuse branch-

ing. In winter wheat, phloem necrosis;

chloroplasts few, small
;
vacuolate inclu-

sions in cells; nuclei enlarged and with

extra nucleoli; no protein crystals of the

pupation-disease tj^pe in affected cells.

In spring wheat, barley, and oats, chlo-

rotic mottling without profuse branching;

no proliferation of flowers, but grain is

rarely formed, most infected plants dying

before this stage of growth.

Transmission: By leafhopper, Delto-

cephalus siriatusJj. (CICADELLIDAE),
with incubation period of 15 to IS days.

Not by inoculation of expressed juice.

Not through soil.

Literature: Zazhurilo and Sitnikova,

Compt. rend. Acad. Sci. U. R. S. S., U,
1939, 798-801

; 26, 1940, 474-478; 29, 1940,

429-432; Proc. Lenin Acad. Agr. Sci., U.

R. S. S., 6, 1941, 27-29. [Rev. Appl. Myc.,

19, 1940, 268 ; 20, 1941, 157, 396 ; 22, 1943,

591.

4. Fractlllnea quarta (Holmes) comb,

nov, {Marmor quartum Holmes, loc. cit.,

65.) From Latin quartus, fourth.

Common name: Sugar-cane chlorotic

-

streak virus or fourth-disease virus.

Host : GRAMINEAE—Saccharum offi-

cinarum L., sugar cane.

Geographical distribution : Java,

Queensland, Hawaii, Puerto Rico, Colom-

bia, United States (Louisiana).

Induced disease : In sugar cane, reduc-

tion of growth rate ;
wilting at midday

;

long, narrow, longitudinal streaks, of

creamy or white color, in the leaves.

Streaks 1/16 to 3/16 inches wide, gen-

erally less than 1 foot long, fragmenting.

Transmission: By leafhopper, Draecu-

lacephala portola Ball {ClCADELLl-
DAE). Not demonstrated by inocula-

tion of expressed juice.

Thermal inactivation : In cuttings, at

52° C in less than 20 minutes.

Literature: Abbott, Phytopath., 28,

1938, 855-857; Sugar Bull., 16, 1938, 3-4;

Abbott and Ingram, Phytopath., 5.?, 1942,

99-100; Bell, Queensland Agr. Jour., 4^,

1933, 460^64 ;
Martin, Hawaiian Planters*

Rec., 54, 1930, 375-378; Hawaiian Sugar

Planters* Assoc. Proc., 6S, 1934, 24-35.

5. Fractilinea zeae (Holmes) comb,

nov. (Marmor zcae Holmes, loc. cit., 59.)

From New Latin Zea, generic name for

corn (maize), from Latin zea, a kind of

grain.

Common name : Maize -stripe virus.

Host: GRAMINEAE—Zea mays L.,

corn (maize).

Insusceptible species: GRAMINEAE
—Saccharuyn officinarum L., sugar cane.

Geographical distribution: Hawaii,

Tanganyika, Mauritius, Trinidad, Cuba.

Not in United States.

Induced disease: In corn (maize), at

first few, elongated, chlorotic lesions near

base of young leaf, later enlarging and fus-

ing to form continuous stripes. Subse-

quently formed leaves banded and striped

variously. Vacuolate intracellular in-

clusions in cells of affected areas.

Transmission: By leafhopper, Pere-

grinns maidis (Ashm.) {FULGORI-
DAE ) ;

the incubation period in this in-
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sect is usually between 11 and 29 days,

although shorter periods have been dem-
onstrated in a few cases. Virus may per-

sist in the insect host until death, but

may become exhausted earlier. Not by
aphid, Aphis matdis Fitch (APHIDI-
DAE), Not by inoculation of expressed

juice.

Literature: Briton-Jones, Trop. Agr.,

JO, 1933, 119-122; Carter, Ann. Ent. Soc.

Am., S4, 1941, 551-556; Kunkel, Bull.

Hawaiian Sugar Planters’ Assoc., Bot.

Ser., S, 1921, 44-57; 1924, 108-114;

Hawaiian Planters’ Rec., £6, 1922,

58-64; Phytopath., 17, 1927, 41 (Abst.);

Stahl, Trop. PI. Res. Found., Bull. 7,

1927 ;
Storey, Rept. of Plant Pathologist,

Amani Agr. Res. Station, 4th Ann.

Rept., 1931-32, pp. 8-13.

6. Fractilinea avenae McKinney.

(Jour. Washington Acad. Sci., 34t 1944,

327.) From Latin avena, oats.

Common name : Pupation-disease virus.

Hosts: GRAM INEAE—-Avena saliva

L., oat; Triticum aestivum L,, wheat;

Echinochloa crusgalli Beauv.
;

Seiaria

viridis; rarely, Agropyron repens (L.)

Beauv. and Bromus inermis I^eyss. Ex-

perimentally, also Hordeum vulgare L.,

barley; Panicum miliaceum L., millet;

Oryza saliva L., rice; Secale cereale L.,

rye; Zea mays L., corn (maize).

Geographical distribution: West Si-

beria.

Induced disease: In oat, chlorotic

mottling, profuse development of shoots,

proliferation of flowers with change to

leaf-like structures. Protein crystals in

affected cells have been regarded as

accumulated virus.

Transmission : By leafhopper, Delphax

strialella Fallan (FULGORIDAE), es-

pecially first and second instar nymphs

;

fifth instar nearly immune to infection.

Incubation period, 6 days or more . Virus

overwinters in insect as well as in plants.

Not transmitted from an infected leaf-

hopper to its progeny. Not through soil.

Not through seeds from infected plants.

Literature : Sukhov et al., Compt. rend.

Acad. Sci., U. R. S. S., tO, 1938, 745-748;

26, 1940, 479-482, 483-486.
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FAMILY II. MARMORACEAE HOLMES EMEND.

(Handb. Phytopath. Viruses, 1939, 16.)

Viruses of the Mosaic Group, inducing diseases usually characterized by persistent

ohlorotic or necrotic spotting, and often by mottling. The family is here extended to

include several small groups of viruses, formerly assigned independent family rank,

but sharing a tendency to aphid transmission, so far as known, and inducing diseases

characterized by abnormal growth habit, thickening and rolling of leaves, or dwarfing,

traits not incompatible with the characters of the present group. Should any one of

these small groups become the center of a large assemblage of new viruses in the future,

separate familial status for it might again be advantageous. In the combined group-

ing here used, specific vectors, so far as known, are aphids {APHIDIDAE).

Key to the genera of family Marmoracete.

I. Viruses of the Typical Mosaic-Disease Group.

Genus I. Marmor^ p. 1163.

II. Viruses of the Spindle-Tuber Group.

Genus II. Acrogenue^ p. 1202.

III. Viruses of the Leaf-Roll Group.

Genus III. Corium^ p. 1203.

IV. Viruses of the Dwarf-Disease Group.

Genus IV. Nanus, p. 1^.
V. Viruses of the Rough-Bark Group.

Genus V. Rimocortius, p. 120S.

VI. Viruses of the Symptomless Group.

Genus VI, Adelonosus, p. 1211.

Genus I. Marmor Holmes.

(Loc. cit., 16)

Viruses inducing typical mosaic diseases in various plants. Generic name from

Latin marmor, a mottled substance.

The type species is Marmor tabaci Holmes.

Key to the groups within genus Marmor.

A. Relatively resistant to heat inactivation, usually requiring more than 10

minutes at 85 to 90® C for complete inactivation.

1. Tobacco-Mosaic Virus Group.

B. Relatively susceptible to heat inactivation, requiring less than 10 minutes at

85 to 90® C for complete inactivation,

a. Replacing potato-veinbanding virus in mixed infections.

2. Tobacco-Etch Virus Group.

aa. Not replacing potato-veinbanding virus in mixed infections.

3. Cucumber-Mosaic Virus Group.

C. Many additional species cannot yet be grouped into definite subdivisions of

the genus ; they constitute a residual or

4. Miscellaneous Mosaic-Virus Group.

Key to the species of the Tobacco-Mosaic Virus Group.

Viruses relatively resistant to heat inactivation, requiring in most cases more than
10 minutes at 85 to 90® C for complete inactivation. Insect vectors as yet unknown
under natural conditions.
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I. Found in nature principally in solanaceous plants; Cucurhitaceae insus*

ceptible. Chlorotic mottling in some hosts, necrotic lesions in others as

result of experimental infection. Suspensions show anisotropy of flow.

1. Marmor (abaci

.

2. Marmor constans.

II. Found in nature only in cucurbitaceous plants; Solanaceae insusceptible.

Only mottling as result of experimental infection. Suspensions show

marked anisotropy of flow.

3. Marmor astrictum.

III. Found only in leguminous plants. Chlorotic lesions in some varieties of the

common snap-bean plant, necrotic lesions in others, as a result of experi-

mental infection.

4. Marmor lacs iofactens.

IV. Found in greenhouses confined to roots and lower parts of plants. Only

necrotic lesions as result of experimental infection. Suspensions do not

show anisotropy of flow.

5. Marmor letkale.

V. Found in tomato and experimentally transmissible to a number of species of

plants in this and other families. Resembling the preceding in a number
of physical characteristics, including failure to show' anisotropy of flow.

6a. Marmor dodecahedron.

1. Marmor tabaci Holmes. (Holmes, no symptoms, virus being restricted to

Handb. Phytopath, Viruses, 1939, 17; inoculated loaves or those nearby.

Musivum tabaci Valleau, Phytopath., 50, Strains of tobacco show’ing necrotic ef-

1940, 822; Phyiovirns nicomosaicum fects liave been produced rec(3ntly. In

Thornberry, Phytopath,, 5i, 1941, 23.) tomato, no obvious primary lesions, sys-

From New Latin Tabacxim^ early generic temic disease characterized by greenish-

name for tobacco. yellow mottling of foliage, moderate dis-

common names : Tobacco-mosaic virus, tortion of leaf shape, and a reduction of

tomato-mosaic virus. fruit yiehl not exceeding 50 per cent. If

Hosts: SOLANACEAE— Nicotiana some strain of px)tato-mottlc virus {Mar-

tabacum L,, tobacco; Lycopersicon escu- rwor daiuww) is also present, a more severe

lentum Mill., tomato; and Capsicum disease is induced; this is known as

frutescens L., garden pepper, among crop double-virus streak, and is characterized

plants; nearly all, if not all, solanaceous by systemic necrosis. In most varieties

plants can be infected, although in some of garden pepper, yellowdsh primary

the virus remains localized at or near the lesions followed by systemic chlorotic

site of inoculation. PLANTAGINA- mottling. In the Tabasco pepper and its

CEAE—A strain of this virus has been recent derivatives, recovery by abscission

found in nature infecting Plantago lance- of inoculated leaf, after localization of

olata L., ribgrass, P. major L. and P. virus in necrotic primary lesions. Vacu-

rugelii Dene., common broad-leaved olate intracellular inclusions are found

plantains. Experimental hosts are widely in chlorotic tissues of all hosts that show
distributed through many related families distinct chlorotic mottling,

of plants. Transmission : By slight abrasive con-

Geographical distribution : World-wide . tacts. By inoculation of expressed juice.

Induced disease : In most varieties of To some extent by the aphids, Myzus
tobacco, yellowish-green primary lesions, pseudosolani Theob., M, circumfiexuB

followed by clearing of veins, distortion (Buckt.),Afacrostp/ium8o/am/ofnA8hm.,

and greenish-yellow mottling of newly and Myzus persicae (Sulz.) (APHIDI-
formed leaves. In Ambalema tobacco, DAE). By grafting. Through soil.
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Through dodder, Cuscuta campeatria

Yuncker (CONVOLVULACEAE), with-

out infecting this plant vector. Not
through pollen from diseased plants.

Not through seeds from diseased tobacco

;

seed transmission has been reported in

the case of recently ripened seeds from

diseased tomato.

Serological relationships : Precipitin

test gives cross reactions between all

known strains, except those characterized

by failure to spread systemically in to-

bacco. No cross reactions with other

viruses except weakly with cucurbit-

mosaic virus (AfarTnor osindum). Type
and other strains of tobacco-mosaic virus

give cross reactions in complement-fixa-

tion and neutralization tests.

Immunological relationships : Plant

protection tests, particularly in NicoHana

sylvestris Spegaz. and Comes, have dem-
onstrated that tissues invaded by any

strain of this virus are immune to subse-

quent infection by the tomato aucuba-

mosaic strain of tobacco-mosaic virus,

indicating a group relationship not shared

by other viruses, such as cucumber-

mosaic virus or tobacco-ringspot virus.

Thermal inactivation: At 88 to 93° C
in 10 minutes

;
at 86 to 92° C in 30 minutes.

Filterability : Tobacco-mosaic virus

was the first virus shown to be filterable,

by Iwanowski in 1892; its filterability was

confirmed and interpreted by Beijerinck

in 1898.

Other properties: The ultimate parti-

cles of tobacco-mosaic virus have been

shown to lx; rod-shaped and isotropic,

sometimes associated in pairs, end to end.

Under proper conditions, thread-like

paracrystals are formed . Specific gravity

has been determined as about 1.37, re-

fractive index as about 1.6. Isoelectric

point between pH 3.2 and 3.5. Suspen-

sions in media of low'er refractive indices

show anisotropy of flow. Sedimentation

constants, at 20° C, 187 X 10~^* cm per

sec. per dyne at infinite dilution for un-

aggregated virus and 216 X lO"'* cm per

sec. per dyne for associated particles.

The computed average length of the virus

unit is about 272 millimicrons
;
diameter,

13.8 millimicrons. Electron microjgraphs

show that characteristic particles are rod-

like, between 10 and 20 millimicrons in

width, variable in length, but in some
preparations averaging 270 millimicrons

in length for single units, 405 to 540 milli-

microns in length for associated pairs;

X-ray measurements in air-dry gel show
width 15.20 ± 0.05 millimicrons. Solu-

tions stronger than about 1 .3 per cent sep-

arate into layers, the lower spontaneously

doubly refracting and more concentrated

than the upper. At concentrations of

electrolytes somewhat less than are re-

quired to precipitate the virus as fibres

or needle-shaped paracrystals, the solu-

tions form clear gels that become fluid

on shaking or diluting (at pH 7 and 30°

C). The virus is destroyed by high-fre-

quency sound radiation, by pressures be-

tween 6000 and 8000 kilograms per square

centimeter, and by hydrogen-ion con-

centrations above pH 11 or below pH 1.

It is relatively stable betw’een pH 2

and pH 8. It is rapidly broken down in

6 M urea solutions, in the presence of

salts, to low-molecular-weight compo-
nents devoid of activity. Analysis of puri-

fied virus : carbon 47.7 per cent, hydrogen

7.35 per cent, nitrogen 15.9 per cent, sul-

fur 0.24 per cent, phosphorus 0.60 per

cent
,
lipoid 0.0 per cent, carbohydrate 1.6

to 2.0 per cent. A revised estimate of the

sulfur content is 0.20 per cent, probably

all in cysteine; no methionine has been

detected in the typical variety of this

virus. The percentages of the following

substances in the virus are: tyrosine 3.9,

tryptophane 4.5, proline 4.6, arginine 9.0,

phenylalanine 6.0, serine 6.4, threonine

5.3, cysteine 0.68, alanine 2.4, aspartic acid

2.6, glutamic acid 5.3, leucine 6.1, valine

3.9, nucleic acid 5.8, and amide nitro-

gen 1.9, collectively accounting for

about 68 ix;r cent of the total weight.

Virus formation ceases in infected host

tissues immersed in 0.0002 molar sodium

cyanide solution, beginning again after

removal of cyanide.
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Literature : The literature dealing with

tobacco-mosaic virus is too voluminous to

permit citation of more than a few repre-

sentative publications. Allard, U. 8.

Dept. Agr., Bull. 40, 1914; Bawden and
Pirie, Proc. Roy. Soc. London, Ser. B.,

1937, 274r-320; Beale, Jour. Exp.

Med., 1931, 463-473; Beijerinck, Ver-

handel. Konink. Akad. Wetenschappen

te Amsterdam, II, 6, 1898, 3-22; Grant,

Phytopath., H, 1934, 311-336; Hoggan,

Jour. Agr. Res., 4^, 1934, 1136-1142;

Iwanowski, Bull. Acad. Imp. Sci. St.

Petersburg, Ser. 4, 5, 1892, 67-70; Jensen,

Phytopath., 23, 1933, 964-974; Johnson,

Science, 64, 1926, 210; Kausche et al.,

Naturwiss., t7, 1939, 292-299; Knight,

Jour. Biol. Chem., U7, 1943, 663-666;

Kunkel, Phytopath., 24

y

1934, 437-466;

Lauffer, Jour. Am. Chem. Soc., 66, 1944,

1183-1194; Price, Phytopath., 26, 1933,

749-769; Stanley, Phytopath., 26, 1936,

305-320; Takahashi and Rawlins, Proc.

Soc. Exp. Biol, and Med., 60, 1932, 155-

157 ; Valleau and Johnson, Kentucky Agr.

Exp. Sta., Bull. 376, 1937; Vinson, Sci-

ence, 66, 1927, 357-358; Woods, Science,

9i, 1940, 295-296.

Strains: A great number of variant

strains have been isolated both experi-

mentally and from plants infected in

nature. These usually share with the

type variety most of the fundamental

properties, particle size, especially width,

stability at relatively high temperatures,

longevity in storage, some common anti-

gens. The following have been distin-

guished from the type, var. vulgare H.
{loc, cii,, 17), by varietal names

:

la. Marmor tabaci var. aucuba H. (loc.

cit., 20). A group of isolates producing

necrotic local lesions in inoculated leaves

of Nicoiiana Bylvesiric Spegaz. and
Comes; useful in identifying many other

strains of this virus which on prior ap-

plication protect the tissues of this plant

from the necrotic effects of aucuba-type

strains (Smith, Ann. Appl. Biol., tS,

1931, 471-493; Kunkel, Phytopath., 24,

1934, 437-466).

lb. Marmor tabaci var. deformanB H.

(loc. cit., 22). Producing exceptionally

severe malformation of tomato foliage.

(Ainsworth, Ann. Appl. Biol., 24, 1937,

646-666).

lc. Marmor tabaci var. canadensc H.

(loc . cit., 23). Producing a necrotic type

of streak disease in tomatoes (Jarrett,

Ann. Appl. Biol., 17, 1930, 218-259).

ld. Marmor tabaci var. lethale H. (loc.

cit., 24). Producing spreading necrotic

lesions in tobacco and tomato under ex-

perimental conditions (Jensen, Phyto-

path., 27, 1937, 69-84 ;
Norval, Phytopath.

28, 1938, 675-692).

le. Marmor tabaci var. plantaginis H.

(Phytopath., 61, 1941, 1097). Specially

adapted in nature for systemic spread in

species of Plantago. This variety con-

tains histidine (0.55 per cent) and methi-

onine (2 per cent) not found in the type

of the species.

l f. Marmor tabaci var. obscurum H.

(Handb. Phytopath. Viruses, 1939, 25).

Systemic in tobacco without producing

obvious disease under experimental con-

ditions (Holmes, Phytopath., 24, 1934,

845-873 ; 26, 1936, 896-904
;
Jensen, Phyto-

path., 27, 1937, 69-84).

lg. Marmor tabaci var. immobile H.

(loc. cit., 26). Produces chlorotic pri-

mary lesions in experimentally infected

tobacco, but rarely becomes systemic.

(Jensen, Phytopath., 26, 1933, 964-977;

27, 1937, 69-84).

lh. Marmor tabaci var. orturn H. (loc.

cit., 27). Necrotic lesions experiment-

ally induced in Nicotiana glutinoaa L.

(SOLANACEAE) are much smaller than

those of the type variety (Jensen, Phy-

topath., 27, 1937, 69-84).

li. Marmor tabaci var. Biccana Doolittle

and Beecher. (Phytopath., 62, 1942,

991). Causing necrosis and shriveling of

tomato foliage.
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2. Marmor constans McKinney.

(Jour. Washington Acad. Sci., S-f, 1944,

326.) From Latin constans

^

fixed.

Common name: Tobacco mild dark-

green mosaic virus.

Hosts : SOLANACEAE—Nicoliana

glauca R. Grab., tree tobacco.

Insusceptible species: SOLANA^

CEAE—Lycoperstcon esculentum Mill.,

tomato. CUCURBITACEAE--
Cucumis sativus L., cucumber.

Geographical distribution: Islands of

Grand Canary and Teneriffe.

Induced disease ; In Nicoliana glauca,

systemic chlorotic mottling.

Transmission: By inoculation of ex-

pressed juice. No insect vector is

known.

Thermal inactivation: At about 86®C.

in 10 minutes.

Literature: McKinney, Jour. Agr.

Res., S9t 1929, 557-678; Am. Jour.

Bot., S8f 1941, 770-778; Peterson and

McKinney, Phytopath., 98, 1938, 329-

342; Thornberry and McKinney, ibid.,

99, 1939, 250-260.

3. Marmor astrictum Holmes.

(Holmes, Handb. Phytopath. Viruses,

1939, 27; Mtisivum astrictum Valleau,

Phytopath., SO, 1940, 823.) From Latin

astriclus, limited, in reference to host

range.

Common names : Cucurbit-mosaic

virus, English cucumber-mosaic virus.

Hosts: CUCURBITACEAE—Cucti-
mis sativus L., cucumber; C. anguria L.,

gherkin
; C. melo L., melon

;
Citrullus vul-

garis Schrad., watermelon; only cucur-

bitaceous plants have appeared to be

susceptible thus far.

Insusceptible species: All tested sol-

anaceous species. CUCURBITA-
CEAE—Bryonia dioica L.; Cucurhita

pepo L., vegetable marrow. LEOU-
MINOSAE—Phaseolua vulgaris L. var.

Golden Cluster.

Geographical distribution: England.

Induced disease : In cucumber, clearing

of veins and crumpling in young leaves,

followed by a green-mosaic mottling, with

blistering and distortion of newly formed

leaves. Plant stunted. Fruit un-

marked or slightly mottled. Diseased

plants less obviously affected during win-

ter months.

Transmission: By inoculation of ex-

pressed juice. No insect vector is

known.

Serological relationships: Weak cross-

precipitin reactions and full cross-neu-

tralization reactions with tobacco-mosaic

virus {Marmor tabaci). Two common
antigens postulated. Preparations of vi-

rus that have been inactivated by treat-

ment with nitrous acid or X-rays are still

antigenic.

Thermal inactivation : At 80 to 90° C in

10 minutes.

Filterability : Passes Pasteur-Cham-

berland filters Li to L?, and membranes
of 150 millimicrons average pore diameter.

Other properties: Virus, infectious in

dilution of 10~^*, is present to the extent

of 0.2 to 0.3 gram per liter of juice from

diseased plants. Preparations show
sheen and anisotropy of flow, indicating

rod-shaped particles. Solutions stronger

than 2.5 per cent separate into 2 layers at

room temperature, the low'er being the

more concentrated and birefringent.

Precipitates with ammonium sulfate show
needle-shaped paracrystals. Sedimenta-

tion constants Sjo° 173 X 10“^* cm.

sec.”^ dyne”* and about 200 X 10"*» cm.

sec.”* dyne”*. Virus withstands drying

without inactivation but with partial loss

of ability to show anisotropy of flow and
with reduction of serological activity to

about half. Tryptophane content 1.4

per cent, phenylalanine 10.2 per cent,

the first lower and the second higher than

in tobacco-mosaic virus.

Literature: Ainsworth, Ann. Appl.

Biol., 99, 1935, 55-67
;
Bawden and Pirie,

Nature, 1S9, 1937, 546-547; Brit. Jour.

Exp. Path., 18, 1937, 275-291; Knight,

Arch. Virusf., 9, 1942, 260-267; Knight

and Stanley, Jour. Biol. Chem., 141, 1941,

29-38; 141, 1941, 39-49; Price, Am. Jour.

Bot., 97, 1940, 530-541
; Price and Wyc-

koff, Nature, 141, 1938, 685.
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Strains: A distinctive strain has been

distinguished from the type, var. chloro-

genus H. (loc. cit., 27), by the varietal

name:

3s. Marmor asirictum var. aucuha II.

{loc. cit., 29) . Dififering from the type of

this species by inducing a yellow-mottl-

ing, rather than a green-mottling, mosaic

in cucumber (Ainsworth, Ann. Appl.

Biol., ff, 1935, 55-67).

4. Marmor laesiofaclens Zaumeyer and
Harter. (Jour. Agr. Res., 67, 1943, 305.)

From Latin laesio, substantive from

laedere, to injure, and participle from

facere, to make.

Common name: Bean-mosaic virus 4;

southern bean mosaic virus 1

.

Hosts : LEGUMINOSAE—Phaseol its

vulgaris L., bean. Experimentally, also

Phaseolus lunatus L., sieva bean; Soja

max Piper var. Virginia, Virginia soy

bean.

Insusceptible species: All tested spe-

cies in families other than the LEGU-
MINOSAE.

Geographical distribution : United

States (Louisiana).

Induced disease ; In bean, systemic

chlorotic mottling in some varieties,

localized necrosis in others; in a few

varieties, systemic necrosis. In mot-
tling-type varieties, chlorotic mottling of

foliage ;
pods marked by dark green

blotches or shiny areas, slightly mal-

formed, short, frequently curled at end.

In necTOtic-type varieties with localized

response, bearing a dominant gene lacking

in Diott ling-type varieties, reddish ne-

crotic lesions at t he site of inoculation
; no

evidence of systemic spread of virus. In

varieties shotting systemic necrosis, pin-

point or slightly larger necrotic primary

lesions with veinal necrosis of inoculated

leaf ; systemic veinal necrosis, distortion

and curling of affected leaves, drooping

at the pulvini ; stem and petiole streak

;

eventual death of plant.

Transmission: By inoculation of ex-

pressed juice. Through seeds from in-

fected plants.

Serological relationships: Not demon-

strated.

Immunological relationships: Previous

infection with bean-mosaic virus, Marmor
phaseoli, docs not protect against infec-

tion with this virus.

Thermal inactivation : At 90 to 95® C,

time not stated, probably 10 minutes.

Other properties : Withstands dilution

of 1 .*500,000 and aging 32 weeks at 18® C.

Literature : Zaumeyer and Harter, Phy-

topath., S2, 1942, 438-139; S3, 1943, 16;

S4, 1944 ,
510-512; Jour. Agr. Res., 67,

1943, 295-300, 305-328.

Strains: A strain dififering from the

tyi>e has been given the varietal name :

4a. Marmor laesiofaciens var. minus

Zaumeyer and Harter. (Jour. Agr. Res.,

67, 1943, 305.) From Latin minor, lesser.

Differing from the type by inducing

formation of slightly less diffuse and
spreading lesions in necrotic -type bean

leaves; also by inducing milder early

symptoms and more severe late symptoms
in mot tling-type beans. Passes through

seeds from infected plants to infect seed-

lings grown from them. Found in addi-

tional localitir.s in the United States

(C'alifornia, Colorado, Idaho, Maryland).

5. Marmor lethale II. {loc. cit., 86).

From Latin lethal is, causing death.

Common name : Tobacco-necrosis virus.

Hosts : SOLANACEAE—Nicotiana

iabacum L., tobacco; N. glulinosa L .

;

langsdorffU Weinni.; Lycopersicon escu-

lenium Mill., tomato; Solarium nigrum

L. COMPOSITAE—AsiQT. GERANP
ACEAE—Pelargonium horiortun Bailey.

LEGUMINOSAE—J^hascolus vulgaris

L., bean. Confined to roots of these

natural hosts except in the cases of

Nicotiana tabacum and N
.
glutinosa in

which lower leaves are sometimes in-

vaded; necrotic lesions along midrib and
larger veins in these. No obvious mani"

festations of disease in infected roots.

Experimentally to plants in many fami-

lies with production of localized necrotic

lesions only.
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Geographical distribution : England,

Scotland, Australia. This virus has been

found only in greenhouses.

Induced disease : In tobacco, necrosis

of midrib and larger veins of first-de-

veloped pair of leaves, between Novem-
ber and February. Virus also in roots

of many healthy-looking plants through-

out the year. Upon artificial inoculation

of foliage, numerous small brown necrotic

local lesions are produced. Yield of virus

from infected plant 0,02 mg per cc of ex-

pressed juice, on the average.

Transmission : By contamination of soil

with virus. No insect vector is known.

Experimentally, by inoculation of ex-

pressed juice.

Serological reactions : Precipitates with

homologous antiserum. No cross reac-

tion with tomato bushy-stunt or tobacco-

mosaic viruses.

Immunological relationships : Protec-

tion tests show lack of relationship to

tobacco-mosaic virus, tobacco-ringspot

virus, tomato-ringspot virus, cucumber-

mosaic virus, and the severe-etch strain

of tobacco-etch virus.

Thermal inactivation: At 90 to 92° C
in 10 minutes.

Filterability : Average particle diame-

ter 20 to 30 millimicrons as determined by

filtration through Gradocol membranes;
other reports give diameter as 13 to 20

millimicrons by filtration (14 to 19 milli-

microns by radiation experiments, about

20 millimicrons from electron micro-

graphs).

Other properties : Infectious after stor-

age for months in dried leaves and after

storage for half a year in absolute ethyl

alcohol at room temperature. Specific

gravity 1.3. More soluble in ammonium
sulfate solutions at 0° C than at room
temperature. Composition : Carbon 44.8

to 45.3 per cent, nitrogen 16.5 to 16.5 per

cent, hydrogen 6.5 to 7.0 per cent, phos-

phorus 1.4 to 1.7 per cent, sulfur 1.1 to

2.0 per cent, carbohydrate 7.0 to 9.0 per

cent
; ash 5.8 to 7.0 per cent (3 to 5 per

cent after prolonged dialysis at pH 3).

Nucleic acid of the ribose type has been

isolated. No anisotropy of flow in solu-

tion but crystals are birefringent, show-
ing sharp extinctions parallel to, and at

right angles to, the plane of the crystal

when examined edge-on in a polarizing

microscope. Sedimentation constant,

Sao® = 112 X 10“!*; in other preparations

a crystalline component with sedimenta-

tion constant 130 X 10”^* and an amor-

phous component with sedimentation

constant 58 X 10“^* have been reported,

as well as small amounts of a substance

with sedimentation constant 220 X 10“^*.

Strains : Isolates of tobacco-necrosis

virus serologically distinct but not other-

wise different from each other appear to

imply the existence of several strains of

this virus, or of a closely related group of

viruses, in England.

Literature: Baw^den, Brit. Jour. Exp.
Path., 1941, 59-70; Bawden et al.,

ibid,, 2S, 1942, 314-328; Cohen, Proc. Soc.

Exp. Biol, and Med., 48, 1941, 163-167;

I/ea, Nature, 140, 1940, 137-138; Pirie et

al., Parasitol., SO, 1938, 543-551; Price,

Am. Jour. Bot., 25, 1938, 603-612; Am.
Jour. Bot., 27, 1940, 530-541; Arch.

Virusf., 1, 1940, 373-386; Price and
Wyckoff, Phytopath., 29, 1939 ,

83-94;

Smith, Parasitol., 29, 1937, 70-85; 29,

1937, 86-95; Smith and Bald, Parasitol.,

27, 1935, 231-245; Smith and MacCle-
ment, Parasitol., 32, 1940, 320-332.

5a. Marmor dodecahedron H. (Joc.cit,,

30). From Greek dodekahedron, dodeca-

hedron.

Common name: Tomato bushy-stunt

virus.

Hosts : SOLANACEAE—Lycopersicon

cscnlentum Mill., tomato. Exi)eriment-

ally, also SOLANACEAE—Datura stra-

monium L.; Nicotiana glutinosa L.; V.
langsdorffii Weinm.; N, tabacum L., to-

bacco; Solanum nigrum L. LEOU-
MINOSAE'—Phaseolus vulgaris L., bean

;

Vigna sinensis (L.) Endl., cowpea.

COMPOSITAE—Zinnia elegans Jacq.,

zinnia.

Geographical distribution : British

Isles.
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Induced disease : In tomato, some

primary lesions necrotic, ring-like or

spot-like, others masked, or disclosed

only by chlorophyll retention in yellowing

leaves. In young plants, systemic ne-

crotic lesions may cause death ;
in older

plants, growth ceases, young leaves be-

come pale yellow
;
growing points may die,

inducing growth of axillary buds to

produce a bushy top
;
older leaves become

yellowed and show some purple colora-

tion. In White Burley tobacco, local

necrosis only, lesions small, red at first,

then white. In cowpea, reddish necrotic

primary lesions only.

Transmission: By inoculation of ex-

pressed juice. Through dodder, Cuscuta

campestris Yuncker {CONVOLVULA-
CEAE). Not through seeds of diseased

plants. No insect vector is known.

Serological relationships : A specific

antiserum, prepared by a single intra-

venous injection of rabbits with 2 mg of

purified virus, gives granular, compact
precipitates, serving for quantitative es-

timation of this virus, antiserum being

used at dilutions of 1 :200 or 1 :8(X), virus

at dilutions to 10^.

Immunological relationships: Will in-

fect plants previously invaded by tobac-

co-mosaic virus, tomato spotted-wilt

virus, tobacco-ringspot virus, and Ber-

gerac-ringspot virus.

Filterability : Passes membranes down
to 40 millimicrons average jxire diameter.

Other properties: Virus crystallizes

from solutions of ammonium sulfate as

isotropic, rhombic dodecahedra, which

shrink and swell reversibly on drying and

rewetting; shrinkage reduces size to 80

per cent of the wet dimensions. In the

presence of heparin, non-birefringent

prisms, rather than dodecahedra, appear.

Sio° “ 132 X 10~'* cm. sec.-' dyne"'.

Particle approximately spherical, 27.4

millimicrons in diameter by X-ray meas-

urements (average diameter by filtration

data, 14 to 20 millimicrons). Solutions

do not show anisotropy of flow. Inac-

tivated by drying. Molecular weight

8,800,000. Density 1.353. Molecular

weight may be as high as 24,000,000 in

solution, but the density is then lower,

1 .286. Amilysis : carbon 47 to 50 per cent,

nitrogen 15.8 to 16.4 per cent, phosphorus

1.3 to 1.5 per cent, ash 1.7 to 5 per cent,

hydrogen 7.2 to 8.2 per cent, sulfur 0.4

to 0.8 per cent, carbohydrate 5 to 6 per

cent.

Literature : Ainsworth, Jour. Ministry

Agr.,4^, 1936, 266-269
;
Bawden and Pirie,

Nature, 1938, 513; Brit. Jour. Exp.

Path., 19, 1938, 251-263; Bernal and
Fankuchen, Jour. Gen. Physiol., 1941,

111-165; Bernal ct al., Nature, 14^, 1938,

1075; Cohen, Jour. Biol. Chem. J44f 1942,

353-362; Proc. Soc. Exp. Biol, and Med.,

5/, 1942, 101-105; I^iufTer, Jour. Phys.

Chem., 44, 1940, 1137-1146; Lauffer and

Stanley, Jour. Biol. Chem., 135, 1940,

463-472; Neurath and C(x>per, Jour. Biol.

Chem., /35, 1940, 455-462; Smith, Nature,

1S5, 1935, 908; Ann. Appl. Biol., 33, 1935,

731-741; Jour. Roy. Hort. Soc., 60, 1935,

448-451; Smith and MacClement, Para-

sitol., S3, 1941, 320-330; Stanley, Jour.

Biol. Chem., 155, 1940, 437-454.

Key to the species of the Tobacco-Etch Virris Group,

Viruses relatively susceptible to heat inactivation (inactivated at 52 to 58® C in 10

minutes). A small, closely allied group, tending to replace or to be replaced by each

other, if present in mixture in tobacco.

I. Not replaced, if in mixture, by other viruses of this group ; dominant member
of the group in tobacco.

6. Marmor erodens,

II. Replaced by No. 6, not by No. 8, if in mixture with it in tobacco.

7. Marmor hyoscyami.

III. Replaced by No. 6 or 7 if in mixture with either in tobacco.

8. Marmor upsilon.
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6. Marmorerodens Holmes. (Holmes,

Handb. Phytopath. Viruses, 1939, 40;

Foliopellis erodens Valleau, Phytopath.,

SOj 1940, 825.) From Latin erodere, to

erode or gnaw away.

Common name : Tobacco-etch virus.

Hosts: SOLANACEAE—Capsicum

frutescens L., pepper
;
Datura stramonium

L.jJimson weed ;
Lycopersicon esculentum

Mill., tomato; Nicotiana tabcLcum L., to-

bacco; Petunia sp., petunia; Physalis

heterophylla Nees.

Geographical distribution : United

States

.

Induced disease : In tobacco, systemic

mild-mottling chlorosis, with traces of

necrotic etching; intranuclear crystalline

inclusions and intracytoplasmic granular

and amorphous inclusions that tend to

crystallize, forming needle-shaped bire-

fringent bodies, 2 to 10 microns in length.

Transmission : Experimentally, by My-
2US persicae (Sulz.), M. circumflexus

(Buckt.), Aphis rhamni Boyer, A. fabae

(Scop.), and Macrosiphum gei (Koch)

(APHIDIDAE); by inoculation of ex-

pressed juice.

Serological relationships : Precipitin re-

actions with homologous antisera, but

no cross-reactions with tobacco-mosaic

virus, tobacco-ringspot virus, potato-

mottle virus, potato aucuba-mosaic virus,

jxjtato milil-mosaic virus, hyoscyamus-

mosaic virus, potato-veinbanding virus,

or jwa-mosaic virus.

Immunological relationships: Protects

tobacco against subsequent infection by

|X)tato-voinbanding virus and hyoscya-

mus-mosaic virus. In mixed infections,

it suppresses and replaces these two

viruses.

Thermal inactivation : At 53 to 55® C in

10 minutes.

Filterability : Passes Pasteur-Cham-
berland Li, not L3, filter candle.

Other properties: Sedimentation con-

stant 820“ 170 X 10~** cm. sec.~' dyne“^.

Concentrated preparations show aniso-

tropy of flow, indicating elongated parti-

cle shape.

Literature : Bawden and Kassanis, Ann.

Appl. Biol., 28j 1941, 107-118; Fernow,

Cornell Agr. Exp. Sta. (Ithaca),- Mem.
96, 1925; Holmes, Phytopath., 32, 1942,

1058-1067; Johnson, Kentucky Agr. Exp.

Sta., Res. Bull. 306, 1930.

Strains : A distinctive severe-symptom
strain, isolated from plants infected in

nature and studied intensively, has been

distinguished from the type, var. vulgare

H. (loc, cit., 40), by the varietal name

:

6a. Marmor erodens var. severum H.

(Joe. cit., 41 ) . Differing from the type by
a tendency to induce more pronounced

necrotic etching and a greater stunting

effect in infected tobacco.

7. Manner hyoscyaml spec. nov.

From New Latin Ilyoscyamus, genus

name of plant from which this virus was
first isolated.

Common names: Hyoscyamus-mosaic
virus, Hy. Ill virus, Hyoscyamus-III-

disease virus.

Hosts: SOLANACEAE—Hyoscyamus
niger L., henbane. Experimentally, also

Nicotiana tabacum L., tobacco.

Insusceptible species .CUCURBITA-
CEAE—Cucumis sativus L., cucumber.
Geographical distribution: England.

Induced disease : In henbane, chlorotic

clearing of veins followed by yellow-mot-

tling mosaic.

Transmission: By inoculation of ex-

pressed juice to dilutions of 10“^. By
aphids, Myzus persicae (Sulz.), M. cir-

cumflexus (Buckt.), and Macrosiphum
solanifolii Ashm. (= M. gei Koch)
(^APHIDIDAE).
Serological relationships : Several iso-

lates of this virus give mutual cross-

precipitin reactions but no precipitation

occurs when antiserum prepared with this

virus is mixed with cucumber-mosaic

virus, tobacco-etch virus, or potato-vein-

banding virus.

Immunological relationships: No im-

munity with respect to this virus is in-

duced in tobacco by previous infection

with cucumber-mosaic virus. Potato-

veinbanding virus is unable to multiply

in the presence of this virus and is re-

placed by it. Tobacco-etch virus pro-
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tects against this virus and replaces it in
mixed infections.

Thermal inactivation: At 58® C in 10
minutes.

Filterability : Passes Chamberland Li,
but not Lj, filter candles.

Other properties: Concentrated solu-

tions show anisotropy of flow. Yield of

virus, 1 to 3 mg per liter of juice expressed
from diseased tobacco plants.

Literature : Bawden and Kassanis, Ann.
Appl. Biol., B8, 1041, 107-118; Hamilton,
ibid., 19, 1932, 550-567; Sheffield, ibid,,

26, 1938, 781-789; Watson and Roberts,
Proc. Roy. Soc. London, Ser. B, 127, 1939,

543-576.

8.

Marmor upsilon comb. nov. (Mar-

mor cucumeris var. upsilon Holmes, loc.

cit., 33; Murialha venataenia Valleau,

Phytopath., 30, 1940, 824.) From Greek
name of the letter Y, sometimes used to

denote this virus.

Common names : Potato-veinbanding
virus, potato virus Y.
Hosts: SOLANACEAE—Solamun tu-

berosum L., potato; Nicotiana tabacum
L., tobacco. Experimentally, also Ly-
civm barbarum L.

Geographical distribution: England,
France, United States, Brazil. Rare in

Scotland and part of Ireland.

Induced disease : In some potato varie-

ties, leaf drop and necrotic stem-streak;

in others, no signs of disease; in still

others, chlorotic mottling with or without
necrosis. In combination with strains

of the potato-mottle virus {Marmot
dubium), this virus causes rugose mosaic,

a common and destructive double-virus
disease.

Transmission: By inoculation of ex-

pressed juice. By aphid, Myzus persicae

(Sulz.); experimentally, also by Aphis
rhamni Boyer (synonym for Aphis ab-

6reMato Patch) {APUIDIDAE).
Serological relationships : Precipitin re-

actions with homologous antisera. No
cross reactions with tobacco-mosaic virus,

tobacco-etch virus, hyoscyamus-mosaic
virus, potato-mottle virus, potato mild-

mosaic virus, potato aucuba-mosaic virus,

tobacco-ringsp)ot virus, or common pea-

mosaic virus. Reported cross reaction

with cucumber-mosaic virus needs con-

firmation.

Immunological relationships: A mild

strain protects against subsequent infec-

tion with the typical virus. This virus

is suppressed and replaced by hyoscya-

mus-mosaic virus and by tobacco-etch

virus in mi.xcd infections.

Thermal inactivation: At 52° C in 10

minutes.

Filterability : Passes with difficulty

through Gradocol membrane of 42 milli-

micron average pore diameter.

Other properties : Inactivated ))y dry-

ing.

Literature: Dennis, Nature, H2, 1938,

154; Johnson, Phytopath., 25, 1935,

650-652; Jones and Vincent, Jour. Agr.

Res., 65, 1937, 69-79; Kassanis, Ann.
Appl. Biol., 29, 1942, 95; Koch, Phyto-

path., 23, 1933, 319-342; Kramer and Sil-

berschmidt, Arquivos Inst. Biol., Sflo

Paulo, Brazil, 11, 1940, 165-188; Salaman,

Nature, 1S9, 1937, 924 ; Smith, Proc. Roy.
Soc., Ser. B, 109, 1931, 251-267

;
Smith and

Dennis, Ann. Appl. Biol., 27, 1940, 65-70.

Key to the species of the Cucumber-Mosaic Virus Group.

Viruses relatively susceptible to heat inactivation, requiring less than 10 minutes
at 85 to 90® C for complete inactivation. Not replacing potato-veinbanding virus in
mixed infections.

I. Infecting both dicotyledonous and monocotyledonous plants.

9.

Marmor cucumeris.

II. Infecting dicotyledonous, but not monocotyledonous, plants.

10. Marmor solani.

11. Marmor aucuba,

12. Marmor umbelliferarum.
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III. Infecting monocotyledonous, but

9. Manner cucuxneris Holmes.

(Holmes, Handb. Phytopath. Viruses,

1939, 31; Murialba cucumeris Valleau,

Phytopath., 1940, 823.) From Latin

cucumiHy cucumber.

Common name : Cucumber-mosaic

virus.

Hosts : Very wide range of hosts among
dicotyledonous and monocotyledonous

plants; cucumber, celery, spinach, to-

bacco, and pepper are sometimes seriously

affected . Overwintering hosts are ; SOL-
ANACEAE—Physalis suhglabraia Mac-

kenzie and Bush, P. heterophylla Nees.

ASCLEPIADACEAE—Asclepias syri-

oca L. PHYTOLACCACEAE—Phyto-
lacca decandra L. LABIATAE—Ne-

peia cataria L. Probably there are also

other susceptible perennials.

Geographical distribution : Probably al-

most world-wide.

Induced disease: In cucumber, Cucu-

mis Butivus L., yellowish-green systemic

mottling. Leaves small, distorted,

curled; plants dwarfed, internodes short-

ened. Few fruits set. Fruits mottled,

misshapen, giving the disease the name
'‘white pickle.’* In black cowpea, Vigna

sinenais (L.) £ndi., small reddish ne-

crotic local lesions only. No intracollular

bodies are found in plants infected with

cucumber-mosaic virus.

Transmission: By inoculation of ex-

pressed juice. By aphids, Myzus persi-

cae (Sulz.), Af. pseudoBolani Tbeob., Af.

13. Marmor cruciferarum,

14. Marmor brassicae.

15. Marmor betae,

16. Marmor lactucae.

17. Marmor dahliae,

18. Marmor pkaseoli.

19. Marmor leguminoaarum,

20. Marmor pisi,

21. Marmor medicaginis,

not dicotyledonous, plants.

22. Marmor tulipae,

23. Marmor mite.

24. Marmor iridis,

25. Marmor sacchari.

26. Marmor cepae.

27. Marmor acillearum,

circumflexus (Buckt.), Macrosiphum sol-

anifolii Ashm., and Aphis gossypii Glov.

{APHIDIDAE). Through seeds of dis-

eased plants in Echinocystis lobata

(Michx.) Torr. and Gray, wild cucumber,

in Cucumis melo L., muskmclon, and in

Cucurbita pepo L., vegetable marrow.

By several species of dodder, Cuscuta

califomica Choisy, C. campeslris

Yuncker, and C. subinclusa Dur. and
Hilg. (CONVOLVULACEAE).
Immunological relationships : Infection

with the type and other chlorotic-mot-

tling strains protects zinnia against sub-

sequent infection by an indicator strain

of this virus (var. judicis).

Thermal inactivation: At 70 to 80° C
in 10 minutes.

Filterability : Passes Berkefeld W and
N filters and collodion membranes of 45

millimicron average pore diameter.

Other properties : Inactivated by dry-

ing or 3 to 4 days’ storage in juice at room
temperature.

Literature: Ainsworth, Ann. Appl.

Biol., £5, 1938, 867-869; Chamberlain,

New Zealand Jour. Science and Tech-

nology, £1, 1939, 73A-90A ;
Celino, Philip-

pine Agr., £9f 1940, 379-414; Doolittle,

Phytopath., 5, 1916, 145-147 ; U. S. Dept.

Agr., Bull. 879, 1920; Doolittle and
Walker, Jour. A^. Res., 5f, 1925, 1-58;

Gilbert, Phytopath., 6, 1916, 143-144;

Hoggan, Jour. Agr. Res., 47, 1933, 689-

704 ; Jagger, Phytopath., 6, 1916, 148-151

;
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8, 1918, 32-33; Kendrick, Phytopath.,

1934, 820-823; Mahoney, Proc. Am. Soc.

Hort. Sci., SS£y 1935, 477-480; Price,

Phytopath., 26, 1935, 776-789 ; 29, 1939,

903-905; Am. Jour. Bot., 27, 1940, 530-

541; Storey, Ann. Appl. Biol., 26, 1939,

298-308.

Strains: Various host plants seem to

have induced specialization of cucumber-

mosaic virus in strains particularly

adapted to existence in their tissues.

Several of these and certain laboratory-

derived strains useful in technical proce-

dures have been distinguished from the

type, var. vvlgare H. (loc, cii., 31), by

varietal names, as follows:

9a. Marmor cucumeris var. commelinae

H. {loc. cit., 35). From New Latin

Commelina, generic name of weed serving

as a natural reservoir of this strain.

Common name : Southern celery-mosaic

strain of cucumber-mosaic virus . Differ-

ing from the type in severity of disease

induced in celery and some other plants.

Transmitted by Aphis gossypii Glov., A.

maidis Fitch, and Pentalonia nigro-

nervosa Coq. {APHIDIDAE). (Price,

Phytopath., 25, 1935, 947-954; Wellman,

ibid., 24, 1934, 695-725, 1032-1037; 26,

1935, 289-308, 377-404.)

9b. Marmor cucumeris var. phaseoli

H. (loc. cii., 36). From New Latin Pha-

seolus, generic designation of lima bean.

Common name: Lima-bean strain of cu-

cumber-mosaic virus. Differing from

type of species in ability to cause a chlo-

rotic mottling disease in lima bean in

nature. (Harter, Phytopath., 26, 1936,

94; Jour. Agr. Res., 66, 1938 , 895-906;

McClintock, Phytopath., 7, 1917, 60.)

9c. Marmor cucumeris var. lilii H. (foe.

cit. ,37). From Latin ZiZfum, lily. Com-
mon name : Lily-mosaic strain of cucum-
ber-mosaic virus. Differing from the

type variety by ability to persist in na-

ture in lilies, producing masked infection

or chlorotic mottling unless in mixture

with lily-symptomless virus {Adelonosus

lilii), when a more severe disease involv-

ing necrosis is induced. (Brierley, Phy-

topath., 29, 1939, 3; SO, 1940, 250-257;

Brierley and Doolittle, ibid., SO, 1940,

171-174 ; Ogilvie and Guterman, ibid,, 19,

1929, 311-315; Price, ibid., 27, 1937,

561-569.)

9d. Marmor cucumeris var. judicis H.

(loc. cit., 38). From I.atin judex, judge.

Common name ; Indicator strain of cu-

cumber-mosaic virus. Differing from

the type variety in inducing the forma-

tion of necrotic local lesions in zinnia

{Zinnia elegans Jacq., COMPOSITAE).
Previous infection of zinnia by other

strains of cucumber-mosaic virus in-

hibits the formation of these necrotic

local lesions, identifying the strains as

related to each other and to the indicator

strain. (Price, Phytopath., 24, 1934,

743-761
;
25, 1935, 776-789.)

9e. Marmor cucumeris var. vignae H.

{loc. cit., 39). From New Latin Vigna,

generic name of cowpea. Ck>mmon name :

Cowpea-mottling strain of (jucumber-

mosaic virus. Differing from the type

variety in producing systemic chlorotic

mottling, rather than reddish-brown ne-

crotic local lesions, in Black cowpea.

Not known in nature but derived experi-

mentally from a mild-mottling strain of

cucumber-mosaic virus during serial

passage in cowpea. (Price, Phytopath.,

24, 1934, 743-761
; 26, 1935, 776-789.)

10. Marmor solan! H. {loc. cit., 47).

From New Latin Solarium, generic name
of potato.

Common names : Potato mild-mosaic

virus, ix)tato virus A.

Hosts: SOLANACEA E—Solanum tu-

berosum L., ix)tato. Experimentally,

also Nicotiana tabacum L., tobacco; Sol-

anum nigrum L. var. nodiflorum; and
Datura stramonium L., Jimson weed.

Geographical distribution : United

States, England, Holland.

Induced disease : In potato, very mild

chlorotic mottling or masked symptoms
in some varieties (as Irish Chieftain),

systemic necrosis in others (for example.
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British Queen). Immunity to aphid in-

fection with this virus is found in the

varieties Katahdin and Earlaine. A
combination disease, characterized by
pronounced yellow-mosaic patterns, is

caused by this virus in the variety Irish

Chieftain if the potato-veinbanding virus

(Marmor upsilon) is also present. In

tobacco, experimentally, faint veinband-

ing mosaic.

Transmission : To potato, by rubbing

methods of inoculation of expressed juice,

using carborundum powder; to tobacco,

by rubbing without carborundum. By
aphids, Aphis abhreviata Patch and
Myzus persicae (Sulz.) (APHIDIDAE).

Serological relationships : No cross-

precipitin reactions with jKjtato aucuba-

mosaic virus, potato-veinbanding virus,

tobacco-mosaic virus, tobacco-etch virus,

tobacco-ringspot virus, or pea-mosaic

virus.

Immunological relationships : A feeble

strain of t his virus has been found to pro-

tect fully against the typical strain in the

Netherlands.

Thermal inactivation : At 50° C in 10

minutes.

Literature: Bawden, Ann. Appl. Biol.,

83y 1936, 487-497; Chester, Phytopath.,

25

^

1935, 68b~701 ;
Dykstra, Phytopath.,

29, 1939 ,
40-67; Hansen, Tidsskr. Plan-

teavl, 4^, 1937, 631-681; Murphy and
lioughnane, Sci. Proc. Roy. Dublin Soc.,

21, 1936, 419-430; Murphy and McKay,
ibid., 20, 1932, 227-247

;
Oortwijn Botjes,

Tijdsch. Plant enziekten, 45, 1039 ,
25-

29; Schultz el al., Phytopath., 27, 1937,

190-197
;
SO, 1940, 944-951.

11. Mannor aucuba H. (loc. cit., 49).

From New Latin A^wuba, a genus of

plants having mottled foliage.

Conmion name ; Potato aucuba-mosaic

virus.

Hosts: SOLANACEAE—Solarium tu-

berosum L.
,
potato. Experimentally, also

Airopa belladonna L. (symptomless);

Capsicum frutescena L., pepper; Datura

stramonium L., Jimson weed (symptom-
less); Ilyoscyamus niger L., henbane

(symptomless)
;
Lycopersicon esculentum

Mill., tomato; Petunia hybrida Vilm.,

petunia (symptomless); Nicotiana ta-

hacumlt., tobacco (symptomless)
;
#So?a-

num dulcamara L., bittersweet
;
S. nigrum

L. var. nodiflorum.

Geographical distribution : United

States, Great Britain, ICurope.

Induced disease: In potato, yellow

spots on lower leaves of some varieties;

in the variety Irish Chieftain, brilliant

yellow mottle over whole plant, perhaps

because of simultaneous presence of po-

tato mild-mosaic virus in this variety.

Necrosis of the cortex and of the pith in

tubers in many varieties.

Transmission: By inoculation of ex-

pressed juice. Probably by aphid, My-
zua persicae (Sulz.) {APIIIDIDAE).

Serological relationships : No precipitin

cross-reactions with potato mild-mosaic

virus, potato-veinbanding virus, tobacco-

mosaic virus, tobacco-etch virus, tobacco-

ringspot virus, or pea-mosaic virus.

Precipitin cross-reactions with the

Canada-st reak strain of potato aucuba-

mosaic virus.

Thermal inactivation : At 65 to 68° C
in 10 minutes.

Filterability : Passes Pasteur-Cham-

berland Li filler, but not Ls or L^.

Literature: Chester, Phytopath., 25,

1935, 686-701; 27, 1937, 903-912; Clinch,

Sci. Proc. Roy. Dublin Soc., 22, 1941,

436-445; Clinch et al., ibid., 21, 1936, 431-

448; Dykstra, Phytopath., 29, 1939, 917-

933.

Strains : One strain differing from the

type has been given a varietal name :

11a. Marmor aucuba var. canadense

Black and Price. (Phytopath. SO, 1940,

444.) From common name of strain.

Common name : Canada-st reak stniin of

|X)tato aucuba-mosaic virus. Differing

from the type variety by tendency to

produce necrosis in stems, veins, petioles,

and leaves and also, about 2 months after

harvest, in pith of tuber, especially at

stem end. (Chester, Phytopath., 27,
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1937, 903-912; Dykstra, Phytopath., £9,

1939, 917-933.)

12. Marmor tunbelliferarum H. (foe,

cit,, 67). From New Latin Umbelliferae,

family name of plants among which celery

is classified.

Common name: Celery-mosaic virus,

western celery-mosaic virus.

Hosts: UMBELLIFERAE—Apium
graveolens L., celery and celeriac ; Daucus

carota L., carrot. Experimentally, also

Anethum graveolens L., dill; Anthriacus

cerefolium (L.) Hofim., salad chervil;

Carum carvi L., caraway; Coriandrum

aaiivurn L., coriander; Peiroaelinum hot-

tense Hoffm., parsley.

Insusceptible species : Cucumis saiivus

L., cucumber, and all other tested species

not of the family Umbelliferae,

Geographical distribution : United

States (California).

Induced disease: In celery, at first,

clearing of veins in j'oung leaves; later,

foliage yellowed, plint stunted, young
petioles shortened, older petioles hori-

zontal, giving plant a fiat appearance.

Foliage mottled green and yellow ; leaflets

narrow, twisted or cupped; older leaves

with some necrosis; petioles with white

streaks or spots. In celeriac, clearing of

veins, followed by systemic chlorotic

mottling. In carrot, chlorotic spotting

of young leaves, followed by systemic

chlorotic mottling.

Transmission: By inoculation of ex-

pressed juice, in dilutions to 1:4000.

No specific insect vector is known, but 11

species of aphids capable of breeding on

celery transmit the virus, though they do

not long retain the power of transmission

after leaving diseased plants. These vec-

tors are Aphis apigraveolens Essig, A.

apii Thcob., A. ferruginea-airiata Essig,

A, gossypii Glov., A, middletonii Tho-

mas, A, rumicis Linn., Cavariella cap-

reae (Fabr.), Myzus circumjlexus

(Buckt.), M, convolvuli (Kalt.), M. per-

sicae (Sulz.), Rhopalosiphum melliferum

(Hottes) (APHIDIDAE), Some

aphids not able to breed on celery also

transmit this virus.

Thermal inactivation: At 55 to 60^ C
in 10 minutes.

Filterability : Passes all grades of

Chamberland filters.

Other properties: Virus active after

storage at —18® C for 18 months.

Literature; Severin and Freitag, Hil-

gardia, 11, 1938, 493-558.

13. Marmor cniciferarum H. (loc. cit.,

69) . From New Latin Cruciferae, family

name of plants among which cauliflower

is classified.

Common name : Cauliflower-mosaic

virus.

Hosts: CRUCIFERAE—Brassica ol-

eracea L., cauliflower, kale, Brussels

sprouts, cabbage, and broccoli; B. cam-

pestris L., wild yellow mustard; Mat-

thiola incana R. Br., annual stock. Ex-

perimentally, also Brassica adpressa

Boise; B. alba Rabenh., vrhite mustard;

B, arvensis (L.) Ktze., charlock; B,

juncea Coss., leaf mustard (one strain not

susceptible); B. napus L., rape; B. pe-

isai Bailey, pe-tsai ;
B. nigra Koch, black

mustard; B, rapa L., turnip; Capsella

buraa-pastoris Medic., shepherd's purse;

Iberia amara L., rocket candytuft; Lepi-

dium sativum L., garden cress; Lunaria

annua L., honesty; Raphanua raphania-

trum L., white charlock; R. aaiivua L.,

radish.

Insusceptible species: CIIENOPODI-
ACEAE—Spinacia oleracea L. COM-
POSITAE-Lactuca saliva L. CR UCI-
FERAE—Alyaaum aaxaiile L.; A,

maritimum Lam.; Arabia albida Stev.;

Aihyaanua puaillua Greene; Brassica

juncea Coss. (Japanese strain; another

strain susceptible); Cheiranthua cheiri

L.; Erysimum perofakianum Fisch. and
Mey.; Hesperia matronalia L.; Malcomia

mariiima R. Br.; Roripa nasturtium

Uuahy; Stanleyapinnaia (Pursh.) Britt.;

Thyaanocarpua radians Benth. LEQU-
MINOSAE—Vicia faha L. SOLANA-
CEAE—Capsicum fruteacena L.

; Lycoper-
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iicon escuUnium Mill.; L. pimpinelltfol^

turn Mill.; Nicoiiana glutinoaa L.; N.

langadorffii Weinm.; N. tabacum L. vars.

Turkish and White Burley. TROPAE-
OLACEAE—Tropaeolum majus L.

UMBELLIFERAE—Apium graveo-

lena L.

Geographical distribution : United

States, England.

Induced disease : In cauliflower, clear-

ing of veins, followed by nuld chlorotic

mottling, veins usually banded with dark

green, necrotic flecks later in chlorotic

areas. Midrib curved, leaves distorted.

Plant stunted; terminal head or curd

dwarfed. Solanaceous plants appear to

be immune, a point of distinction between

this virus and turnip-mosaic virus, Mar-

mor braasicae.

Transmission: By inoculation of ex-

pressed juice, using carborundum pow-

der. By many aphid species, Brevicoryne

brassicae (Linn.), cabbage aphid; Rhopa-

losiphum pseudobrassicae Davis, false

cabbage aphid; Myzua peraicae (Sulz.),

peach aphid; Aphis graveolens Essig,

celery leaf aphid; A. apigraveolena Essig,

celery aphid; A, middletonii Thomas,

erigeron root aphid; A. gosaypii GIov.,

cotton aphid; Cavariella capreae (Fabr.),

yellow willow aphid; Myzua circumdexus

(Buckt.)
,
lily aphid ; Rhopaloaiphinn mel-

lifertim (Hottes), honeysuckle aphid.

{APHIDIDAE). No seed transmission.

Thermal inactivation: At 75° C in 10

minutes.

Literature: Caldwell and Prentice,

Ann. Appl. Biol., 29, 1942, 366-373, 374-

379; Rawlins and Tompkins, Phytopath.,

24 , 1934, 1147 (Abst.); Tompkins, Jour.

Agr. Res., 65, 1937, 33-46.

14. Marmor brassicae H. (H., loc,

cti., 70; Marmor maiihiolae H., loc. cit.,

71.) From New I.atin, Brasstca, generic

name of turnip.

Common name : Turnip-mosaic virus.

Hosts : CRUCIFERAE—Braaaica
rapa L., turnip; B, napobraaaica Mill.,

swede or rutabaga; B, napua L., rape ; B,

nigra (L.) Koch, black mustard; B, oler-

acea L., cabbage; Armoracia ruaticana

Gaertn., horse-radish; Cheiranthua cheiri

L., wallflower; Matthiola incana R.'Br.,

stock; Sinapia alba L., white mustard.

Experimentally, also CRUCIFERAE—
Berteroa incana (L.) DC.; Brasaica alba

Rabenh., white mustard; B. arvenaia

(L.) Ktze.
;
B. chinenaia L., Chinese cab-

bage; B. juncea (L.) Coss.; Capsella

buraa-pasioria (L.) Medic.; Cardamine

heterophylla (Forst. f.) 0. E. Schultz;

Cheiranthua allionii Hort.; Coronopus

didymua Smith ; Hesperia matronalia L.

;

Lepidium ruderale L.; L. sativum L., L.

virginicum L.; Nasturtium officinale R.

Br.; Nealia paniculata (L.) Desv.; Radi-

cula paluatria (L.) Moench.; Raphanua
sativus L.

;
Sisymbrium altiaaimum L.;

S. officinale (L.) Scop.; Thlaapi arvense

L. CHENOPODIACEAESeta vul-

garis L. ;
Spinacia olcracea L., spinach.

COMPOSITAE—Calendula officinalis L.

Zinnia elegana Jacq. RANUNCULA-
CEAE—Delphinium ajacia L. SOLANA -

CEAE—Lycoperaicon pimpinellifolium

Mill.; Nicotiana bigelovii S. Wats.; N.

gluiinoaa L.; N. langadorffii Weinm.; N.
repanda Willd.; N, ruatica L.; A^ aylvea-

tria Speg. and Comes; N. tabacum L.,

tobacco; Petunia hybrida Vilm.

Geographical distribution: United

States, England, New Zealand.

Induced disease: In turnip, systemic

chlorotic mottling; plants stunted, leaves

distorted. In tobacco, experimentally,

characteristic necrotic primary lesions

only.

Transmission: By inoculation of ex-

pressed juice. By cabbage aphid, Brevi-

coryne brassicae (Linn.), and by the

peach aphid, Myzua persicae (Sulz.)

(APHIDIDAE).
Thermal inactivation: At 54° C in 10

minutes.

Strains : A considerable number of

strains of this virus appear to occur in

nature, but those that have been studied

often have been considered as distinct

viruses and not compared with each other
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under identical circumstances. More
work is needed to show existing alliances.

Literature : Chamberlain, New Zealand

Jour. Agr., 55, 1936, 321-330; New Zealand

Jour. Science and Technology, 51, 1939,

212A*-223A; Clayton, Jour. Agr. Res., Jfi,

1930, 263-270; Gardner and Kendrick,

ihid,y 55, 1921, 123-124
; Hoggan and John-

son, Phytopath., 55, 1935, 640-644
; Larson

and Walker, Jour. Agr. Res., 59, 1939,

367-392; 55, 1941, 475^91 ; Schultz, Jour.

Agr. Res., 55, 1921, 173-178; Smith, Ann.
Appl. Biol-, 55, 1935, 239-242; Tompkins,
Jour. Agr. Res., 57, 1938, 589-602; 55,

1939, 63--77; Tompkins et al., ibid., 57,

1938, 929-943.

15. Marmor betae H. (loc. cii., 72).

From I^atin beta, beet.

Common name : Sugar-beet mosaic

virus.

Hosts: CHENOPODIACEAE—Beta

vulgaris L., beet; Spinacia oleracea L.,

spinach.

Geographical distribution : France,

Denmark, Germany, Sweden, United

States, England.

Induced disease : In beet, discrete

yellowish secondary lesions or clearing of

veins on young leaves, followed by chlo-

rotic mottling of newly formed leaves.

Darkening of vascular tissue. Leaves

bend back near tips, which sometimes

die. Intracellular bodies formed. In

spinach, 6 to 21 days after infection,

chlorotic flecks on young leaves. Plant

stunted, outer leaves killed, dying from

their tips back. Center of plant survives

for a time, but finally dies.

Transmission : By inoculation of ex-

pressed juice, in dilutions to 10“*. By
aphids, Myzus persicae (Sulz.), Aphis

rumicis Linn., and perhaps Macrosiphum

solanifolii Ashm. (« M. gei Koch)
{APHID IDAE). No seed transmis-

sion.

Thermal inactivation: At 55 to 60® C
in 10 minutes.

Other properties : Inactivated by
standing in expressed juice for 24 to 48

hours at about 70® F.

Literature : Boning, Forsch. Geb. Pflan-

zenkr. u. Immun. Pflanzenreich, 5, 1927

81-128; Cent. f. Bakt., II Abt., 71, 1927,

490-497
;
Gratia and Manil, Compt. rend.

Soc. Biol., Paris, 118, 1935, 379-381;

Hoggan, Phytopath., 55, 1933, 446-474;

Jones, Washington Agr. Exp. Sta. Bull.

250, 1931 ;
Lind, Tidsskr. Planteavl, 55,

1915, 444-457; Robbins, Phytopath., 11,

1921, 349-365; Schmidt, Ber. Deutsch.

Bot. Ges., 45, 1927, 598-601.

16. Marmor lactucae H. {loc. cit., 84).

From Latin laciuca, lettuce.

Common name: I^ettuce-mosaic virus.

Hosts : COMPOS ITAE—Laciuca sa-

liva L., lettuce; Senecio vulgaris L.,

groundsel. Experimentally, also COM-
POSITAE—Sonchus asper Hoffm.,

prickly sow-thistle. LEGUMINOSAE
—Lathyrus odoratus L., sweet pea; Pisum
sativum L., pea.

Insusceptible species : COMPOSITAE
—Sonchus oleraceus L., S. arvensis L.,

Taraxacum officinale Web., Carduus ar-

vensis Curt. CRUCIFERAE— Bras-

sica oleracea L. CUCURBITACEAE—
Cucumis sativus L. SOLANACEAE—
Lycopersicon esculenium Mill., Nicotiana

tabacum L., N. glutinosa L., Datura

stramonium L.

Geographical distribution : United

States, England, Germany, Bermuda.

Induced disease: In lettuce varieties,

clearing of veins followed by systemic

chlorotic mottling, dwarfing and defective

hearting; sometimes by scorching of leaf

edges, vein necrosis or necrotic flecking

between veins.

Transmission: By inoculation of ex-

pressed juice, in dilutions to 1:100 if

mixed with a little 0.5 per cent sodium

sulphite solution and a trace of powdered

carborundum. By aphids, Myzus persi-

cae (Sulz.) and Macrosiphum gei Koch
{APHIDIDAE). Through seeds from

diseased plants. It is believed that seed-

borne virus is the most important source

of primary inoculum in the spring.

Thermal inactivation: At 55 to 60® C
in 10 minutes.
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Filterability : Fails to pass Li Pasteur-

Chamberland filter.

Literature : Ainsworth and Ogilvie,

Ann. Appl. Biol., 26

^

1939, 279-297; Jag-

ger, Jour. Agr. Res., 20, 1921, 737-740;

Newhall, Phytopath., 13, 1923, 104-106.

17. Marmor dahliae II. {loc. cit., 85).

From New Latin Dahlia, generic name of

host plant.

Common name : Dahlia-mosaic virus.

Hosts: COMPOS ITAE—Dahlia pin-

nata Cav., dahlia. Experimentally, also

D. imperialis Roezl.
;
D. maxonii SatTord.

Geographical distribution : United

States, Holland, Germany, England.

Induced disease : In intolerant varieties

of dahlia, chlorotic mottling of foliage,

leaf distortion, dwarfing of all stems and

of root.s, occasionally necrotic streaking of

midveins. In tolerant varieties, incon-

spicuous chlorotic mottling or masked

symptoms

.

Transmission : By aphid, Myzus persi-

cae (Sulz.) {API!IDIDAE). By graft-

ing. Not by inoculation of expressed

juice. Not through scjil. Not through

seeds from diseased plants.

Literature : Brierley, Am. Dahlia Soc,

Bull., Ser. 9, No. 65, 193^1
;
Contrib. Boyce

Thompson Inst., 5, 1933 ,
235-288; Gold-

stein, Bull. Torrey Bot, Club, 64 1 1927,

285-293.

18. Marmor phaseoli H. (loc. cit., 87).

From New I^atin Phaseolus, generic name
of bean.

Common name : Bean -mosaic virus.

Hosts : LEGUM INOSAE—Phaseolus

vulgaris L., Ixjan. Experimentally, also

Phaseolus acutifolius Gray var. latifolius

Frcem.; P. aureus Roxb.; P. calcaratus

Roxb.; P. lunatus L.
;
Lespedeza striata

(Thunb.) Hook, and Arn.
;
Vida faha L.

;

V. saliva L., spring vetch.

Insusceptible sjxicies: LEGUMINO-
SAE—Pisum sativum L., garden pea;

Lathyrus odoratus L., sw^eet pea.

Geographical distribution : World-wide,

wherever beans are grown.

Induced disease : In bean, first leaves

to be affected are crinkled, stiff, chloro-

tic
; later leaves show chlorotic mottling

;

leaf margins often rolled down. Opti-

mum temperature for expression of dis-

ease, 20 to 28° C, partial masking at 28 to

32° C, complete masking at 12 to 18° C.

Transmission : By inoculation of ex-

pressed juice in dilutions to 1:1000, using

carborundum or other abrasive powder.

By aphids, Aphis rumicis Linn., Macro-
siphum (= Illinoia) solanifolii Ashm.,
M. pisi Kalt., Aphis gossypii Glov., A.

medicaginis Koch, A. spiraecola, Brevi-

corync brassicae (Linn.), Hyalopterus

airiplicis Linn., Macrosiphum amhrosiae

Thos., Rhopalosiphum pseudohrassicae

Davis, and Myzus persicae (Sulz.)

{API!IDIDAE). In beans, there is

seed transmission to 30 to 50 per cent of

plants grown from infected parents;

j)ollen from infected plants is said to

transmit virus.

Thermal inactivation ; At 56 to 58° C in

10 minutes.

Literature: Fajardo, Phytopath., 20,

1930, 469-494
,
883-888; Murphy, ibid.,

SO, 1940, 779-784; Murphy and Pierce,

ibid., 28, 1938, 270-273; Parker, Jour.

Agr. Res., 62, 1936, 895-915; Pierce, Phy-

topath., 24y 1934, 87-115; Jour. Agr. Res.,

49, 1934, 183-188; 61, 1935, 1017-1039;

Reddick, II Congr. Intern. Path. Comp.,

1931, 363-366; Reddick and Stewart,

Phytopath., 8, 1918, 530-534; Richards

and Burkholder, Phytopath., 33, 1943,

1215-1216; Wade and Andrus, Jour. Agr.

Res., 63, 1941, 389-393; Wade and Zau-

meyer, U. S. Dept. Agr., Circ. 500, 1938;

Walker and Jolivette, Phytopath., 33,

1943, 77Sr-7SS\ Zaumeyer and Kearns,

ibid., 26, 1936 ,
614-629; Zaumeyer and

Wade, Jour. Agr. Res., 61, 1935, ^5-749.

19. Marmor leguminosarum H. (loc.

cit,, 89). From New Latin Leguminosae,

family name of pea.

Common name: Pea-mosaic virus.

Hosts ; LEGUMINOSxiE—Lathyrus

odoratus L., sweet pea; Pisum sativum

L., pea ; Trifolium pratense L., red clover

;

Vicia faba L.
,
broad bean. Experiment-
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ally, also Cicer arietinum L.
;
Desmodium

canadense (L.) DC.; Lathyrus aativus L.,

grass pea
;
Lupinua aWua L., white lupine

;

L, angustifolius, blue lupine; L. densi-

floras Benth.
;
L. hartwegii Lindl. ;

L. na-

nus Dougl.; Medicago arabica Huds.,

spotted bur clover; M. hispida Gaertn.,

.oothed bur clover; Meliloius alba Dear.,

white sweet clover ;
M. indica All., annual

yellow sweet clover; M. oflicinalis (L.)

Lam., yellow sweet clover; Phaaeolus

acutifolius Gray, tepary bean
;
P. vulgaris

L., bean ; Trifolium agrarium L. ; T, caro-

linianum Michx.; T. dubium Sibth. ; T.

glomeratum L., cluster clover; T. hy-

bridum L., alsikc clover; T. incarnatum

L., crimson clover; T. procumbens L. ; T.

reflexum L.; T. su<weolens, Persian

clover
;
Vida saliva L., common vetch.

Insusceptible species : All tested spe-

cies in families other than the Legum-
inosae.

Geographical distribution : United

States, British Isles, Europe, New
Zealand.

Induced disease: In pea, clearing of

veins in yoxmg leaves, followed by chloro-

sis of newly formed leaves, stunting of

plant, and systemic chlorotic mottling.

In sweet pea, systemic chlorosis and
chlorotic mottling, flower colors broken.

In lupine, necrotic streak on one side of

stem, stunting of plant and bending of

growing point to injured side. Plant

soon wilts and dies. In Viciafaba, mot-

tled leaves contain characteristic iso-

metric crystals in host-cell nuclei (espe-

cially within nucleoli) as well as in cell

cytoplasm.

Transmission: By inoculation of ex-

pressed juice, with ease. By aphids,

Macrosiphum pisi Kalt., M. solanifolii

Ashm. (» M. gei Koch), and Aphis

rumids Linn. {APHIDIDAE), Not
transmitted through seed.

Serological relationships : Specific pre-

cipitin reactions differentiate this virus

from tobacco-mosaic virus, tobacco-etch

virus, potato-mottle virus, potato mild-

mosaic virus, potato aucuba-mosaic virus,

and tobacco-ringspot virus.

Thermal inactivation : At 60® C in 10

minutes.

Literature: Chester, Phytopath., 25,

1935, 686-701 ;
Doolittle and Jones, ibid,,

15, 1926, 763-772 ;
Johnson and Jones, Jour

.

Agr. Res., 5i, 1937, 629-638; McWhorter,

Phytopath., SI, 1941, 760-761; Murphy
and Pierce, ibid., 27, 1937, 710-721; Os-

born, ibid., 27, 1937, 689-603; Pierce,

Jour. Agr. Res., 51, 1935, 1017-1039;

Spierenburg, Tijdschr. Plantenz., 42,

1936, 71-76; Zaumeyer and Wade, Jour.

Agr. Res., 5S, 1936, 161-185.

20. Manner plsi H. (loc. dt., 90).

From Latin pisum, pea.

Common name : Pea enation-mosaic

virus.

Hosts: LEGUMINOSAE—Pisum sa-

tivum L., pea; Vida faba L., broad bean.

Experimentally, also Lathyrus odoratus

L., sweet pea; Soja max (L.) Piper, soy

bean; Trifolium incarnatum L., crimson

clover.

Insusceptible species: LEGUMINO-
SAE—Arachis hypogaea L., peanut;

Medicago saliva L., alfalfa; Meftfofas alba

Desr., white sweet clover; M. officinalis

(L.) Lam., yellow sweet clover; Phaseo-

lus aureus Roxb., mung bean ;
P. vulgaris

L., bean; Trifolium hybridum L., alsike

clover; T. pratense L., red clover; T.

repens L., white Dutch clover. SOL-
ANACEAE—Lycopersicon esculentum

Mill., tomato; Solanum tuberosum L.,

potato.

Geographical distribution : United

States, perhaps Germany.
Induced disease: In peas, systemic

chlorotic mottling; in some varieties, as

Alderman, occasional necrotic spots and

numerous enations on lower surfaces of

leaves. Pods distorted. In broad bean,

systemic chlorotic spotting and striping

of leaves. In sweet pea and soy bean,

experimentally, systemic chlorotic mot-
tling.

Transmission: By inoculation of ex-

pressed juice, using carborundum; more
readily from aphid-inoculated plants than
from mechanically-inoculated plants.
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Infective in dilutions to 10“». By aphids,

Macrosiphum pisi Kalt. and M. solani-

folii Ashm. (« Af. gei Koch) {APMI-
DIDAE)

,

with incubation periods of

about 12 hours before the insects can

infect. Not through seeds from diseased

plants.

Thermal inactivation: At 66° C in 10

minutes.

Literature : Boning, Forsch. Geb. Pflan-

zenkr. u. Immun. Pflanzenreich, 4, 1927,

43“111 ;
Johnson and Jones, Jour. Agr.

Res., 64^ 1937, 629-638; luring et al.,

Proc. Soc. Exp. Biol, and Med., 58, 1938,

239-241; Osborn, Phytopath., 55, 1935,

160-177 ; 58, 1938, 749-754,923-934 ; Pierce,

Jour. Agr. Res., 51, 1935, 1017-1039;

Sn3’^dor, Phytopath., 54, 1934, 78-80;

Stubbs, ibid., 57, 1937, 242-260.

21. Manner medicaginls II. {loc. cii.,

91). From New I^itin Medicago, generic

name of alfalfa (lucerne).

Common name : Alfalfa-mosaic virus.

Hosts : LEGUM INOSAE—Medicago

saliva L., alfalfa (lucerne). SOLANA-
CEAE—Solanvm tuberosum L,, potato.

Experimentally, also transmissible to

many species of dicotyledonous plants

(summarized by Price, Am. Jour. Bot.,

57, 1940, 530-541) including CUCURBI-
TACEAE—Cucumis sativns L., cucum-

ber. COMPOSITAE—Zinnia elegans

Jacq., zinnia. LEGUM INOSAE—
Phaseolus vulgaris L., bean; Trifolium

tncarnaium L., crimson clover. SOL-
ANACEAFi^—Capsicum frutcscens L.,

pepper; lAjcopersicon esculcnium Mill.,

tomato; Nicoiiana iabacum L., tobacco.

Geographical distribution : United

States.

Induced disease: In alfalfa, systemic

chlorotic mottling, tending to he masked

at times. In bean, (most varieties)

small necrotic primary lesions, reddish

brown at periphery. No secondary le-

sions. Some bean varieties show no

lesions after inoculation; one of these,

Refugee Rogue, possesses two dominant

genes either of which will confer this type

lif resistance. In tobacco, white necrotic

flecks, small rings and arcs on inoculated

leaves
;
later, systemic mottling, followed

by production of necrotic oak-leaf pat-

terns
; virus content may be low in plants

long diseased, especially in summer.
Transmission: By inoculation of ex-

pressed juice. By aphids, Macrosiphum
pisi Kalt. (for typical strain) and M.
solanifolii Ashm. (for potato-calico

strain) (APHIDIDAE), Not through

seeds from diseased plants.

Immunological relationships: Resis-

tance to superinfection with the type of

this virus is conferred by earlier infection

w'ith potato-calico virus (now considered

a related strain but earlier regarded as

distinct), but not by earlier infection

witli potato-mottle virus, cucumber-
mosaic virus, or the Canada-streak strain

of potato aucuba-mosaic virus.

Thermal inactivation : At 65 to 70° C in

10 minutes.

Other properties: Sedimentation con-

stant, 73.9 ± 5.2 X 10“^* cm. per sec.

in a unit centrifugal field. Specific

volume 0.673. Particles spherical or

nearly so. Diameter 16.5 millimicrons;

weight 2.1 X 10* times h3^dn)gen unit.

Isoelectric point about pH 4.6. Inacti-

vated and, more slowly, hydrolyzed by
trj'^psin.

Literature: Black and Price, Phyto-

path., SO, 1940, 444-447
;
Lauffer and Ross,

Jour. Am. Chem. Soc., 85, 1940, 3296-3300,

Pierce, Phytopath., 54, 1934, 87-115;

Price, Am. Jour. Bot., 57, 1940, 530-541;

Ross, Phytopath., SI, 1941, 394-410, 410-

420; Wade and Zaumeycr, Jour. Am. Soc.

Agron., SB, 1940, 127-134; Zauineyer,

Jour. Agr. Res., 66, 1938, 747-772.

Strains: At least one strain of alfalfa-

mosaic virus was formerly considered as

an independent virus, causing a disease

known as calico in potato. It has now

been given varietal rank and distin-

guished from the type, var. typicum

Black and Price (Phytopath., SO, 1940,

446) by the following name

:

21a. A/armor rnedicaginis var. solani

Black and Price (Phytopath., SO, 1940,
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446). From New Latin Solatium^ gen-

eric name of potato.

Common name : Potato-calico strain of

alfalfa-mosaic virus. Differing from the

type by inducing a more severe disease in

potato, in which it is commonly found in

nature. (Price and Black, Phytopath.,

30, 1940, 444-447 ;
Dykstra, ibid., 29, 1939,

917-933; Porter, Potato Assoc. Amer.
Proc., 18, 1931, 65-69; Hilgardia, 6, 1931,

277-294
; 9, 1935, 383-394.)

22. Marmor tulipae H. (foe. cii., 52).

From New Latin Tulipa, generic name of

tulip.

Common name : Tulip color-adding

virus.

Hosts : LILIACEAE—Tulipa gesneri*

ana L., garden tulip; T. eichleri Hegel;

T. greigi Regel.

Insusceptible species: AMARYLLI-
DACEAE— Narcissus sp., narcissus.

IRIDACEAE—Iris germanica L., iris.

LILIACEAE—Allium cepa L., onion.

SOLANACEAE—Nicotiana tahacum L.,

tobacco.

Geographical distribution : Wherever

hybrid tulips are grown.

Induced disease : In tulip, no obvious

effect on leaves but dark striping of flower

by pigment intensification. Little inter-

ference with growth of plant. No intra-

cellular bodies.

Tran.smi8sion : By hypodermic injec-

tions of expressed juice in dilutions to

1(1"®. By aphids, Myzus persicae (Sulz.),

Macrosiphum solanifolii Ashm. (= M.
gei Koch, Illinoia solanifolii Ashm.),

Aphis (= Anuraphis) tulipae B. de

Fonsc. (on bulbs), and perhaps Macrosi-

phum pelargonii Kalt. (APHIDIDAE).
Not through seeds from diseased plants.

Thermal inactivation : At 65 to 70® C in

10 minutes.

Literature : Hughes, Ann. Appl. Biol.,

18, 1931, 16-29; 21, 1934, 112-119; Mc-
Whorter, Phytopath., 22, 1932, 998

(Abst.); 26, 1935, 898 (Abst.); Ann.

Appl. Biol., 26, 1938, 254-270.

23. Manner mite H. {loc, cit., 53).

From Latin mitis, mild.

Gk)mmon name : Lily latent-mosaic

virus.

Hosts : LILIACEAE—Lilium amabile;

L. auratum Lindl.; L. canadense L.; L.

candidum L.; L. cernuum; L. chalcedoni-

cum L.
;
L. croceum Chaix.

;
L. davmottiae;

L. elegans Thunb.
;

L. formosanum

Stapf.; L. giganieum; L. henryi Baker; L.

leucanthum; L. longiflorum Thunb.; L.

myriophyllum; L. pumilum; L. regale

Wils.; L. sargentiae Wils.; L. speciosum

Thunb.; L. superbum L.; L. iestaceum

Lindl.; L. tigrinum Ker; L. umbellatum

Hort.
;
L. wallacei; Tulipa gesneriana L.,

garden tulip; T. clusiana Vent.; T. Uni-

folia Regel.

Insusceptible species: LILIACEAE—
Allium cepa L., onion; Lilium hansoni

Ijeichtl. IRIDACEAE—Iris germanica

L., iris. SOLA NACEAE— Nicotiana ia-

bacum L., tobacco.

Geographical distribution : Wherever

lilies and tulips are cultivated.

Induced disejise : In Easter lily, masked

symptoms or systemic chlorotic mottling,

in either case without necrotic flecking.

In tulip, systemic chlorotic mottling in

foliage and flower “breaking*’ (color re-

moval, except in a few varieties in which

color intensification occurs instead). In-

tracellular lx)die8 characterize invaded

tissues.

Transmission: By inoculation of ex-

pressed juice (rubbing surface of leaves),

in both lily and tulip. By plugging and

grafting of dormant bulbs of tulip. By
aphids, Myzus persicae (Sulz.), Macro-

siphum solanifolii Ashm. (*» M. gei

Koch), and Aphis (® Anuraphis) tulipae

B. de Fonsc. (APHIDIDAE). Not

through seeds from mosaic Lilium longi-

florum.

Thermal inactivation: At 65 to 70® C
in 10 minutes.

Literature : Atanasoff, Bull. Soc. Bot.

Bulgarie, 2, 1928, 51-60; Brierley, Phyto-

path., 29, 1939, 3 (Abst.); SO, 1940, 250-
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257; SI, 1941, 838-843; Brierley and Doo-

little, ibid., SO, 1940, 171-174; Cayley,

Ann. Appl. Biol., 16, 1928, 529-539; IP,

1932, 153-172; Guterman, Hort. Soc. N.

Y., Yearbk., 19S0, 51-102; Hall, Gard.

Chron., 9S, 1933, 330-331
;
Hughes, Ann.

Appl. Biol,. SI, 1934, 112-119; McKay
and Warner, Nat. Hort. Mag., IS, 1933,

179-216; McWhorter, Phytopath., S6,

1935, 898 (Abst.); Science, 86, 1937, 179;

Ann. Appl. Biol., S6, 1938, 254-270;

Science, 88, 1938, 411; Ogilvie and

Guterman, Phytopath., 19 , 1929 ,
311-315.

24. Marmor iridis H. (loc. cit., 55).

From New Latin Iris, generic name of

iris.

Common name : Iris-mosaic virus.

Hosts: IRIDACEAE— Iris filifolia

Boiss., I. tingitana Boiss. and Reut., and

/. xiphium L., bulbous irises
;
Iris ricardi

Hort.; I. unguicularis Poir.; bearded

iris, variety William Mohr.

Insusceptible species: SOLANA-
CEAE—Lycopersicon csculcntum Mill.,

tomato; Nicoiiana tabacum L., tobacco;

Petunia hybrida Vilni., petunia. LILIA-
CEAE—Tulipa gesneriana L., tulip.

Geographical distribution : United

States (Washington, Oregon, California),

Holland, Bulgaria, PVance, England.

Induced disease : In bulbous irises,

dwarfing of plant, chlorotic mottling of

foliage, breaking of flowers. Hate of

increase in planting stock decreased.

Flower breaks usually darker than normal

color of flower. Vacuolate intracellular

bodies in some affected tissues.

Transmission : By injection of freshly

extracted juice of diseased plants into

internodal tissue. By aphids, Macro-

siphum (= Illinoia) solanifolii Ashm.

and Myzus persicae (Sulz.) {APHIDI-
DAE).
Literature: Brierley and McWhorter,

Jour. Agr. Res., 6S, 1936, 621-635.

25. Marmor saccharl H. {loc. cit., 60).

From New Latin Saccharum, generic

name of sugar cane, from Latin sac-

charum, sugar.

Common name : Sugar-cane mosaic

virus.

Hosts : GRAMINEAE—Saccharum of-

ficinarum L., sugar cane ; Holcus sorghum

L., sorghum; H, sudanensis Bailey,

Sudan grass
;

Brachiaria plaiyphylla

Nash ; Chaetochloa magna Scribn.
;
C. ver-

ticillata Scribn.; Paspalum boscianum

Fluegge; Syniherisma sanguinale Dulac.

Experimentally, also Zea mays L., corn

(maize); Chaetochloa lutescens Stuntz;

Echinochloa crusgalli Beauv. ; Miscanthus

sinensis Anderss., eulalia; Panicum di-

chotomiflorum Michx.; Pennisetum glau-

cum R. Br., pearl millet; Saccharum

narenga W^all.

Insusceptible species : All tested spe-

cies other than Gramineae.

Geographical distribution: Originally

in Far East; now in nearly all countries

where sugar cane is grown; believed still

to be absent from Mauritius.

Induced disease : In sugar cane, sys-

temic mottling chlorosis, light areas of

pattern elongated, but crossing veins.

Occasionally, stem cankers. Regularly,

discoloration and necrosis in mature inner

stalk tissues. Vacuolate intracellular

bodies occur in diseased tissues. Canes

sometimes recover, sjxjntaneously losing

the virus and becoming susceptible to

reinfection.

Transmission: By inoculation of ex-

pressed juice (puncture through inocu-

lum into young leaf). By aphids. Aphis

maidis Fitch, Carolinaia cyperi Ainslie,

Hysteroneura setariae (Thomas), and

Toxoptera graminum Rond.; not by

Sipha flava Forbes {APHIDIDAE).
Not by Draeculacephala mollipes (Say)

iCICADELLIDAE),
Serological relationships : Specific neu-

tralizing and precipitating antibodies

have been demonstrated.

Thermal inactivation : At 53 to 54® C in

10 minutes in leaf tissues.
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Other properties : Active after storage

27 days at —6® C.

Literature : Brandes, Jour. Agr. Res.,

19, 1920, 131-138, 617-622; H, 1923, 247-

262; Desai. Current Science, S, 1935, 18;

Forbes and Mills, Phytopath., 36, 1943,

713-718; Ingram and Summers, Jour.

Agr. Res., 33, 1936, 879-888; Kunkel,

Bull. Exp. Sta. Hawaiian Sugar Planters’

Assoc., Bot. Ser., 3, 1924, 116-167; Matz,

Jour. Agr. Res., 46, 1933, 821-839; Rafay,

Indian Jour. Agr. Science 5, 1935, 663-

670; Sein, Jour. Dept. Agr. Porto Rico,

14, 1930, 49-68; Stoneberg, U. S. Dept.

Agr., Tech. Bull. 10, 19^; Tate and

Vandenberg, Jour. Agr. Res., 69, 1939,

73-79.

26. Marmor cepae H. (loc. cit,, 66).

From Latin cepa, onion.

Common name : Onion yellow-dwarf

virus.

Host : LILIACEAE—Allium cepa L.,

onion (the variety viviparum Metz, is

symptomless when infected and may
serve as an unrecognized reservoir of

virus).

Geographical distribution : United

States, Germany, Czecho-Slovakia, Rus-

sia, New Zealand.

Induced disease : In onion (most varie-

ties), yellow streaks at base of developing

leaf, followed by yellowing, crinkling,

and flattening of newly formed leaves;

leaves prostrate, flower stalks bent,

twisted, stunted; plants reduced in size,

bulbs small, yield of seeds reduced. A
few varieties of onion are relatively

tolerant, and the tree-onion, var. vivi-

parum is symptomless after infection.

Transmission : By inoculation of ex-

pressed juice. By 48 of 61 tested species

of aphid, principally Apkia rumicis Linn.,

A, maidis Fitch, and Rhopalosiphum

prunifoliae ¥itch {APMIDIDAE). Not
through seeds from diseased plants. Not
by contaminated soil.

Thermal inactivation: At 75 to 80® C
in 10 minutes.

Other properties : Virus withstands di-

lution to 10~^, storage at 29® C for about

1(X) hours and storage at ^14® C for more
than time tested (6 hours), but is inacti-

vated by drying in leaf tissues.

Literature: Andreyeff, Rev. Appl.

Mycol., 17, 1938, 675-676; Blattny, Och-

rana Rostlin, 10, 1930, 130-138; Bremer,

Phytopath. Ztschr., 10, 1937, 79-105;

Brierley and Smith, Phytopath., 34, 1944,

506-507; Chamberlain and Baylis, New
Zealand Jour. Science and Technology,

21, 1939 ,
229A-236A; Drake et al., Iowa

State Coll. Jour. Science, 6, 1932, 347-

355; Jour. Econ. Ent., 26, 1933, 841-846;

Henderson, Phytopath., 20, 1930, 115

(Abst.); Iowa State Coll., Research

Bull. 188, 1935, 211-255; Melhus et al.,

Phytopath., 19, 1929, 73-77; Porter, U.

S. Dept. Agr., Plant Dis. Rept., 12, 1928,

93; Tate, Iowa State Coll. Jour. Science,

14, 1040, 267-294.

27. Marmor scllleanim Smith and

Brierley (Phytopath., $4, 1944, 503.)

From New Latin Scilleae, name of tribe

in which hosts are classed.

Common name: Ornithogalum-mosaic

virus.

Hosts : LILIACEAE (of the tribe

Scilleae)

—

Ornithogalum thyrsoides Jacq.

;

probably also Galtonia candicans Decne.

;

Hyacinthus orienialia L., hyacinth; La-

chenalia sp.

Insusceptible species: LILIACEAE
(of the tribe Scilleae)

—

Muscari botry-

aides Mill.
;
Scilla peruviana L.

;
Camassia

leichtlinii (Baker) S. Wats.; Hyacinthus

azureus (Fenzl.) Baker. AMARYLLI-
DACEAE—Pancratium maritimum; Ze-

phyranthus sp. IRIDACEAE—Tri-

toniacrocaia (L.) Ker. LILIACEAE—
Agapanthus africanus; Allium cepa,

onion; A, cernuum Roth.; A. fistulosum

L. ; A .
porrum L. ; Oloriosa rothschildiana

O’Brien; Lilium formosanum Stapf.; and

L. longiflorum. SOLANACEAE—’Ni-
cotiana tabacum L.

Geographical distribution : United

States (Oregon; probably also Alabama

and presumed to be widespread in plants

of the squill tribe, Scilleae, of the family

LILIACEAE).
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Induced disease : In Omithogalum thyr-

soideSf young leaves finely mottled with

light and dark green, and becoming more
conspicuously mottled with gray or yel-

low as the leaves mature; flower stalks

sometimes boldly marked with light and

dark green blotches. In perianth seg-

ments, thin longitudinal streaks.

Transmission: By inoculation of ex-

pressed juice in the presence of fine

carborundum powder, with difficulty.

By aphids. Aphis gossypii Glov., Macro^
siphum lilii Monell, M. solanifolii Ashm.,
and Myzus persicae (Sulz.); less effici-

ently by Myzus ctrcumfiexus (Buckt.)

(APHIDIDAE),

Key to the species of the Miscellaneous Mosaic-Virus Group.

Many of the following viruses, although described in some detail in the literature,

stand in need of reinvestigation to determine additional properties and possible rela-

tionships to preceding groups.

I. AQeciingepeciesoi MALVACEAE.
28. Marmor abutilon.

II. Affecting species of CELASTRACEAE.
29. Marmor euonymi.

III. Affecting species of OLEACEAE.
30. Marmor ligustri.

IV. Affecting species of LEOUMINOSAE (and no. 39, other families also).

31. Marmor laburni.

32. Marmor arachidis.

33. 3/armor trifolii.

34. 3/armor pachyrhizi.

35. Marmor vignae.

36. Marmor repens.

37. Marmor fastidiens.

38. Marmor iners.

39. 3/armor efficiens.

V. Affecting species of GRAMINEAE.
40. Marmor triiici.

41. Marmor graminis.

VI. Affecting species of MUSACEAE.
42. Marmor abaca.

VII. Affecting species of PASSIFLORACEAE.
43. Marmor passiflorae.

VIII. Affecting species of ROSACEAE.
44 . 3/armor flaccumfaclens

.

.45, Marmor rosae.

46. Marmor veneniferum.

47. 3/armor mali.

48. Marmor fragariae.

49. Marmor marginans.

50. Marmor rubi.

51. Marmor persicae.

52. Marmor astri.

53. Marmor rubiginosum.

54. Marmor cerasi.

55. Marmor lineopictum.

56. Marmor pallidolimbatus.

57. Marmornerviclarens.
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IX. Affecting species of VITACEAE,
58. Marmor viiicola,

X. Affecting species of SANTALACEAE,
59. Marmor santali.

XI. Affecting species of CONVOLVULACEAE and, experimentally, of other

families.

60. Marmor secretum,

XII. Affecting species of GERANIACEAE.
61. Marmor pelargonii,

XIII. Affecting species of SOLANACEAE and inmost casesalsoof other families.

62. Marmor angliae.

63. Marmor aevi.

64. Marmor raphani.

XIV. Affecting sp)ecies of PRIMULACEAE.
65. Marmor primulae.

XV. Affecting species of MORACEAE.
66. Marmor caricae.

XVI. Affecting species of RUTACEAE,
67. Marmor italicum.

28. Marmor abutilon H. (loc. ciL, 50).

From New Latin Abutilon^ generic name

of a host

.

Common name : Abutilon-mosaic virus.

Hosts : MALVACEAE—Abutilon stri-

alum Dicks, var. thompsonii Veitch.

Experimentally, also Abutilon arborcurn

Sweet ;
A. avicennae Gaertn.

;
A. esculen-

turn St. Hil.; A, indicum Sweet; A. in-

signe Planch. ; A, megapotamicum St. Hil,

and Naud.
;
A. regnellii Miq.

;
A. sellowi-

anum Regel; A. venosum Lem.; A. viti-

folium Presl.; Althaea ficifolia Cav.; A,

o^cinalis L.; A. rosea Cav.; Anoda has-

tata Cav.; Kitaibclia vitifolia Willd.;

Malva borealis; M. crispa; M . mauritiana

Mill.
;
M. sylvestris L.

;
M. verticillata L.

;

Malvastrum capense Garcke
;
Modiola de-

cumbens G. Don.; Sida mollis Herb.; S.

napaea Cav.; Sidalcea Candida A. Gray.

Insusceptible species: MALVACEAE
—Althaea taurinensis; Sidalcea purpurea;

Sphaeralcea umbellata G. Don.

Geographical distribution : Germany,

France, England, United States; orig-

inally obtained from a single variegated

seedling found among green plants of

Abutilon striatum imported from the

West Indies in 1868 by Veitch and Sons

;

8 u frequently the infected plant was

propagated vegetatively as an ornamental

variety.

Induced disease : In Abutilon^ systemic

chlorotic mottling. Recovery occurs if

there is persistent removal of affected

leaves, suggesting that the virus docs not

increiise in stems. After recovery, plants

are susceptible to reinfection.

Transmission: By grafting, except

patch -bark -grafting, which is ineffective.

Occasionally through seeds from diseased

plants. Not by inoculation of expressed

juice. No insect vector is known.

Varieties : Distinctive strains have

been noted, but not separately named;
one isolate originally occurring in Abuti-

lon darwini var. tesselatum, seems to be-

long here; it differs from the type princi-

pally in severity of induced disease and
in ability to infect Lavatera arborea.

Literature : Baur, Bcr. d. Deutsch. Bot.

Gesellsch., 1904
,
453-460

; 24 , 1906,

416-428; 26, 1907, 410-413; K. Preuss.

Akad. Wihs., Sitzungsber., 1906, 11-19;

Davis, Ann. Missouri Bot. Gard., 16,

1929, 145-226; Hertzsch, Ztschr. f. Bot.,

20, 1927, 65-85; Keur, Phytopath., 23,

1933, 20 (Abst.)
; 24, 1934, 12-13 (Abst.)

;

Bull. Torrey Bot. Club, 61, 1934, 53-70;

Lindemuth, Gartenfiora, 61, 1902, 323-

326.
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29. Marmor euonymi II. (loc. cit., 51).

From New Latin generic name
of host.

Common name : Pmonymus-mosaic

virus.

Hosts: CELASTRACEAE—Euony-

mu8 japonica L. f. (sometimes written

Evonymus japonicua)

.

Probably also E.

radicans Sieb.

Geographical distribution : Germany.
Induced disease : In Euonymus japon-

icOf i>ersistent yellowing along veins.

Transmission : By grafting.

Literature: Baur, Ber. d. Deutsch.

Bot. Gesellsch., 26a, 1908, 711-713;

Rischkow, Biol. Zentralbl., ^7, 1927,

752-764.

30. Marmor ligustri II. (loc. cit., 52).

From New I^atiu Ligusirum, generic

name of host, from liatin ligustrum,

ancient name of privet plant.

Common name : Ligustrum-mosaic

virus.

Host : OLEACEAE—Lignstrum vid-

gare L., common privet.

Geographical distribution: Germany.
Induced disease: Systemic chlorotic

s|X)tting.

Transmission : By grafting. Not
through seeds from diseased plants.

Literature: Baur, Ber. d. Deutsch.

Bot. Gesellsch., 26, 1907, 410-413.

31. Marmor labumi H. {loc. cit., 51).

From generic name of a host plant,

Laburnum vulgarc.

Common name : Laburnum-mosaic
virus.

Hosts : LEGUM INOSAE—Laburnum
vulgare Griseb. (= L. anagyroides Med-
ic.), bean tree. Experimentally, also

Cyiisus hirsutus L.

Insusceptible species: LEGUM INO-
SAE—Labtirnum alpinum Griseb.; Cy-

tisua purpureus.

Geographical distribution: Germany.

Induced disease: Systemic chlorotic

variegation.

Transmission : By bark grafts or by

budding. Not through seeds from dis-

eased plants of Laburnum vulgare.

Literature : Baur, Ber. d. Deutsch.

Bot. Gesellsch., 26, 1907, 410-413.

32. Marmor arachidis H. {loc. cit., 67).

From New I^atin Arachis, generic name
of peanut.

Common name: Peanut-rosette virus.

Host : LEGUMINOSAE—Arachis hy^

pogaea L., peanut.

Geographical distribution : Union of

South Africa, Madagascar, Tanganyika

Territory, L'ganda, Senegal, Gambia,

Sierra Leone, Java.

Induced disease: In peanut, 5^ellowing

of young leaves, at first with green veins

;

reduction in leaf size, petiole length, and
internode length, producing rosette;

curling and distortion of later-formed,

wholly chlorotic or chlorotically mottled

leaflets. Seed formation inhibited. No
abnormal proliferation of tissues.

Transmission: By grafting. By both

winged and wingless individuals of the

aphid. Aphis laburni Kalt. (== 4. Icgum-

inosae Theob.) {APHIDIDAE). Not
by 13 tested species of leafhoppers. Not
by inoculation of expressed juice. Not
through seed from diseased plants. Not
through soil.

Literature : Hayes, Trop. Agr., 9, 1932,

211-217; McClintock, Science, 4^, 1917,

47-48; Soyer, Publ. Inst. Nat. fitud.

Agron. Congo Beige, S4r. Sci., 21, 1939,

23 pages (Rev. Appl. Mycol., 19, 1940,

386, Abst.)
;
Storey and Bottomley, Ann.

Appl. Biol., 16, 1928, 26-45; Zimmerman,
Der Pflanzer, 3, 1907, 129-133

; 0, 1913,

59-63.

33. Marmor trifolii H. {loc. cit., 93).

From New Latin Tn/oZiwm, generic name
of red clover, from I^atin trifolium, clover.

Common name: Red-clover vein-mo-

saic virus.

Hosts : LEGUMINOSAE—Trifolium

pratense L., red clover
;
Lathyrus odoratus

L., sweet pea; Viciafaba L., broad bean.

Experimentally, also Trifolium hybridum

L., alsike clover; T. incarnatum L., crim-
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son clover; T, repens L., white clover;

Melilotns alba Dear., white sweet clover;

Pisum sativum L,, pea.

Insusceptible species: LEQUMINO-
SAE—Phaseolus vulgaris L., bean; P.

aureus Roxb., mung bean; Medicago sali-

va L., alfalfa. SOLANACEAE—Lyco-

persicon esculentum Mill., tomato; Nice-

liana iahacum L., tobacco; N, glutinosa

L.
;
N. langsdorffii Weinm.; N. ruatica

L.; N. sylvesiris Spegaz. and Comes;

Solanum tuberosum L., potato.

Geographical distribution : United

States.

Induced disease : In red clover, yellow

color along veins, but no mottling. Some-
times small yellow spots in interveinal

areas. Little or no stunting. In Vida

fabUy experimentally, necrotic splotches

or rings sometimes at site of inoculation.

Clearing of veins followed by appear-

ance of whitish bands along the veins.

Stalks discolored, purplish. Diseased

plants are stunted and often die back to a

point near the base of the stalk, inducing

new growth from buds on the stem.

Transmission: By inoculation of ex-

pressed juice, using carborundum. By
aphid, Macrosiphum pisi Kalt. (APHI-
Z)/DA £?), without incubation period and

without long retention. Not by aphids,

Macrosiphum solanifolii Ashm. (» M.
gei Koch) or Aphis rumicis Linn.

{APHIDIDAE),
Thermal inactivation: At 60° C in 10

minutes.

Literature: Osborn, Phytopath., £7,

1937, 1051-1058; Zaumeyer, Jour. Agr.

Res., 66

y

1938 ;
747-772; Zaumeyer and

Wade, Phytopath., 27, 1937, 1009-1013.

34. Marmor pachyrhizi spec, nov.

From New Latin Pachyrhizus, generic

name of sincamas.

Common name : Sincamas-mosaic virus.

Host : LEG UMINOSAE—Pachyrhi-
zus erosus (L.) Urb., sincamas (yam

bean).

Insusceptible species: LEQUMINO-
8AE—Phaseolus vulgaris L., bean.

Geographical distribution: Philippine

Islands.

Induced disease : In sincamas, chlorotic

mottling of foliage; in plants infected

when young, dwarfing.

Transmission: By inoculation of ex-

pressed juice, in the presence of sand as

abrasive. Tlirough about 25 percent of

the seeds from infected plants. Not
through soil, interlacing of roots, or casual

contacts of leaves and stems. No insect

vector is known.

Literature : Fajardo and Marafion,

Philippine Jour. Science, J^8y 1932, 129-

142.

35. Marmor vlgnae spec. nov. From
New J^atin Vigna, generic name of cow-

pea, from family name of an Italian

botanist, Domenico Vigna.

Common name: Cowpea-mosaic virus.

Hosts : LEQUMlNOSAE-’Vigna sin-

ensis (L.) Endl., cowpea. E.\perimen-

tally,also Phaseolus lunatus L., lima bean.

Geographical distribution : United

States (Arkansas, Oklahoma, Louisiana,

Indiana, Georgia, Iowa, Mississippi, Kan-
sas, New Jersey).

Induced disease : In cowpea, clearing of

veins followed by chlorotic mottling,

slight convex cupping of leaflets, short-

ened intemodes, abortion of flowers,

twisting of petioles, delayed maturity.

Malformation of leaves, stunting of

plants, and reduction of yield more pro-

nounced in some varieties of cowpea than

in others.

Transmission: By inoculation of ex-

pressed juice, especially in the presence

of fine carborundum powder. By aphids,

Macrosiphum solanifolii Ashm., M. pisi

Kalt., Aphis gossypii GIov. {APHIDI-
DA E) ; not by various beetles nor by the

bean leafhopper, Empoasca faJbae LeB.

iCICADELLIDAE). Through 5 per

cent of seeds from infected cowpea plants.

Thermal inactivation: At 72 to 75° C
in 10 minutes.

Other properties: Infectious in dilu-

tions as high as 1 :1000 and after 2 days
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storage in expressed juice at room tem>

perature, 20 to 25® C.

Literature: Elliott, Phytopath., 11,

1921, 146-148; Gardner, Indiana Acad.

Science Proc., S6, 1927, 231-247; S7, 1928,

417; McLean, Phytopath., SI, 1941, 420-

430; Smith, Science, 60, 1924, 268.

36. Manner repens Johnson. (Phyto-

path., S2, 1942, 114.) From Latin repens,

unlooked for, in reference to unexpected

discovery of this virus as a constituent of

a complex formerly regarded as a single

virus, so-called “white-clover mosaic

virus**.

Common name : Pea-wilt virus.

Hosts: LEGUM INOSAE— Trifolium

repens L., white clover. Experimen-

tally, also Laihyrus odoratus L., Lens escu-

lenta Moench.; Lupinus albus L.
;
Medi-

cago lupulina L.; Melilotus alba Dear.;

Phaseolus aureus Roxb., mung bean; F.

vulgaris L., bean ;
Pisum sativum L., pea;

Trifolivm hybridum L.; T. incarnatum

L.; T. pratense L.; Ficia faba L.; V.

saliva L.; Vigna sinensis (L.) Endl.,

cow’pea.

Insusceptible species : CAR YOPHYL-
LACEAE—Siellaria media (L.) Cyrill.

CHENOPODIACEAE—Beta vulgaris

L.; Spinacia oleracea L. COMPOSI-
TAE—Callisiephus chinensis Nees; Lac-

tuca saliva L.; Taraxacum officinale

Weber; Zinnia elegans Jacq. CRUCI-
FERAE—Barbarea vulgaris II. Br.;

Brassica oleracea L.; Raphanus sativus

L. CUCURBITACEAE—Cucumis sa-

livus L. GRAM INEAE—Zea mays L.

LEGUMINOSAE—Glycine max Merr.;

Lupinus hirsulus L.; Mcdicago saliva

L. LILIACEAE—Lilium formosanum

Stapf. PLANTAGINACEAE—Plan-
lago lanceolata L.; P. major L. POLY-
GONACEAE—Rumex acelosclla L.

SCROPHULARIACEAE — Anlirrhi-

num majus L. SOLANACEAE—Da-

tura stramonium L.; Lycopersicon escu-

lenlum Mill.; Nicoliana glulinosa L.; N,

rustica L.; N. sylveslris S|)egaz. and

Comes; N, tabacum L.; Solanum nig-

rum L.

Geographical distribution : United
States (Washington).

Induced disease : In white clover, sys-

temic chlorotic mottling. In pea, experi-

mentally, originally infected leaves wilt

and die, remaining attached to the stem
by their shriveled petioles ; a few adjacent
lower leaves may also wilt and die; in

most varieties the top foliage remains

green, but in two varieties, Alaska and
Canada White, it mottles faintly; stems
show faint grayish discoloration; plants

are retarded in growth and dwarfed. If

pea-mottle virus, Marmor efficiens John-

son, is also present, a severe streak dis-

ease occurs. Intracellular inclusions ab-

sent. In mung bean, experimentally,

necrotic zonate local lesions. In cowpea,

experimentally, brown necrotic local

lesions in inoculated primary leaves,

diffuse areas of bleaching in uninoculated

trifoliate leaves. In bean, experimen-

tally, mild chlorotic mottling except in

three varieties that appear insusceptible

(varieties Ideal Market, Kentucky Won-
der, and Navy Robust).

Transmission : By inoculation of ex-

pressed juice. Not by dodder, Cuscuta

campestris Yunck. {CON VOLVULA-
CEAE). Not by pea aphid. Macro-

siphum pisi Kalt. {APHID IDAE),
No insect vector is known.

Thermal inactivation : At 58 to 60® C in

10 minutes.

Filterability : Passes Berkefeld W filter

candle.

Other properties : Infectious in dilution

of 1 : 100,000. Not inactivated by storage

in juice of infected plants at about 25® C
for one month or by similar storage in

dried tissues of infected pea plants.

Literature : Johnson, Phytopath., SB,

1942, 103-116; Pierce, Jour. Agr. Res., 51,

1935, 1017-1039.

37. Marmor fastidiens spec, nov.

From Latin fastidiens, disdaining, in

reference to slight irregularities in the

reported host ranges of constituent

strains and failure of this virus to infect

certain varieties of the pea although it
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may utilize many other varieties of this

species as host.

Common name : Alsike-clover mosaic

virus.

Hosts : LEQUMINOSAE— Trifolium

hyhridum L., alsike clover; Pisum sati-

vum L., pea (except the varieties Horal,

Perfection, and Surprise). Experimen-

tally, also Crotalaria striata DC.; C.

retusa L.
;
and C. spectabilis Roth (the

two last-named species are reported to be

insusceptible to the type strain of the

virus, but susceptible to one or more of

the other tested strains); Lupinus albus

L.; L. angustifolius L.; Medicago sativa

L.; Melilolus alba Desr.; Phascolus vul-

garis L., bean; Trifolium incarnatum L.;

T. pratense L.; Vida faba L.

Insusceptible species: SOLANA-
CEAE—Datura stramonium L.; Nico-

tiana glauca Graham; N. glutinosa L.;

N. tabacurn L.; Petunia hybrida Vilm.

LEGUM INOSAE—Phaseolus aureus

Roxb., mung bean; P, lunatus L., sieva

bean; Soja max (L.) Piper, soybean;

Trifolium repens L., white clover; Vida
sativa L., spring vetch.

Induced disease : In pea and bean, ex-

perimentally, systemic chlorotic mot-

tling ; some isolates kill inoculated leaves

and even cause death of infected plants.

Transmission : By inoculation with ex-

pressed juice, at dilutions to 1:6000 or

1 : 8000. No insect vector is known.

Thermal inactivation : At 60 to 65® C in

10 minutes; one strain at lower tempera-

ture, 54 to 58® C.

Strains : Several strains have been dis-

tinguished by the severity of their effects

on host plants. These may be charac-

terized as follows: var. fastidiens, var.

nov.f type variety, the first of the strains

to be described (originally known as

alsike clover mosaic virus 1 ) ,
induces mild

disease in pea, does not infect red clover;

var. mite, var, nov., described as pea

mosaic virus 4, induces mild symptoms
on pea, infects red clover ; var. reprimens,

var. nov., described as pea mosaic virus

5, stunts peas severely; var. denudans,

var, nov., described as alsike clover mosaic

virus 2, defoliates pea plants. Varietal

names from New laXin fastidiens, epithet

of the species, and from Latin mitis, mild

;

reprimere, to restrain; and denudare, to

denude ;
all three in reference to induced

symptoms.
Literature : Wade and Zaumeyer, Phy-

topath., 28, 1938, 505-511; Zaumeyer,

Jour. Agr. Res., 60, 1940, 433-452.

38. Marmor iners spec. nov. From
I^atin iners, sluggish or inert, in reference

to failure of the virus to spread systemi-

cally in certain of its hosts.

Common name : Pea-streak virus.

Hosts: LEGUMINOSAE—Pisum sa-

tivum L., pea. Experimentally, also

Galega officinalis L., goaCs rue; Glycine

soja Sieb. and Zucc., soya bean
;
Lathyrus

odoraius L., sweet pea; Lotus hispidus

Desf.; Lupinus angustifolius L., blue

lupin; L. luleus L., yellow lupin; L.

mutabilis Sweet; Phaseolus vulgaris L.,

bean; Trifolimn arvense L., haresfoot

trefoil
;
T. cernuum Brot

. ,
nodding clover

;

T. fragiferum L., strawlxjrry clover; T.

glorneratum L., cluster clover; T. kybri-

dum L., alsike clover; T. pratense L., red

clover; T. repens L., white clover; Vida
villosa Roth., hairy vetch. C UC UR-
BITACEAE—Cucumis melo L., rock

melon; C. sativus L., cucumber; Cucur-

bita pepo L., marrow.

Insusceptible species : CIIENOPODI-
ACEAE—Spinada oleracea L., spinach;

Beta vulgaris L., beet. COMPOSITAE
—Calendula officinalis L., calendula;

Lactuca sativa L., lettuce ;
Zinnia elegans

Jacq., zinnia. CRUCIFERAE—Brass-

tea napus L., swede
;
B. oleracea L., cab-

bage; B. rapa L., turnip; Malthiola in-

cana R. Br., stock; Raphanus sativus L.,

radish; Sisymbrium officinale (L.) Scop.,

hedge mustard. LEGUM INOSAE—
Arachis hypogaea L., peanut; Lathyrus

latifolius L., perennial sweet pea; L.

pubescens Hook, and Arn., Argentine

sweet pea ;
Lotus corniculatus L.

;
Lupinus

arboreus Sims, tree lupin; Medicago

arahica Huds.; M. saliva L., lucerne (al-

falfa) ; Phaseolus multiflorus Willd., run-
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ner bean; Trifolium striatum L., striated

clover; T. subterraneurn L., subterranean

clover; Vida faha L., broad bean.

PLANTAGINACEAE — Plantago

lanceolata L., plantain. SCROPII U-

LARIACEAE—Antirrhinum majus L.

SOLANACEAE—Cyphomandra betacea

Sendt., tree tomato; Datura stramonium

L., Jimson weed; Nicotiana glauca 11.

Grab. ;
N. rustica L., Turkestan tobacco;

N. tabacum L., tobacco; Physalis peru-

viana L., Cape gooseberry; Solanum

nigrum L.
,
black nightshade . TROPAE-

OLACEAE— Tropaeolurn majus L,, mis-

turtium. UMBELLIFERAE—Apium
graveolcns L., celery.

Geographical distribution ; New Zea-

land.

Induced disease ; In the pea, stunting,

wilting of young leaves, purple or purple

-

brown spotting on young leaves, dark

streak on stern. Near t ip, stem may die.

Stem becomes brittle, tip bent to one

side. Pods may remain flat and turn

dark purple or purple-brown, or if already

formed may show purple or purple -brown

markings. Older leaves turn yellow,

then brown and shrivelled. Infected

plants usually die within two or three

weeks. In inoculated plants small brown

primary lesions, rapidly increasing in size

especially along veins, eventually involve

the whole leaf; petiole and stem streak

follows. Among garden peas, the varie-

ties Pride of the Market, Little Marvel,

Wm. Mjissey and Autocrat are little af-

fected; among field peas, the varieties

Unica and White Ivory are equally lesis-

tant. In cucumber, experimentally,

numerous brown, necrotic local lesions,

each with light colored center and sur-

rounding light -yellow halo. In bean,

experimentally, local and s.vstemic necro-

sis, stem streak, death of plant.

Transmission: By inoculation of ex-

pressed juice, best with an abrasive pow-

der such as fine sand. Not by Myzus
persicac (Sulz.), Macrosiphum solani

(API! IDIDAE), nor Thrips tabaci

Lind. {THRIP IDAE). No insect vec-

tor is known.

Thermal inactivation: At 78 to 80® C
in 10 minutes.

Filterability : Passes Mandler filters of

preliminary, regular, and fine grades.

Other properties : Dilution end point

1:10®. Not inactivated at room tem-
perature in 41 days.

Literature : Chaml>erlain, New Zea-

land Jour. Science and Technology, 20,

1939,' 365A-381A.

39. Marmor efficiens Johnson. (Phy-

topath., 22, 1942, 114.) From Latin

effidens, effective, in reference to ability

of this virus to cause mottling in all tested

varieties of pea in contrast with inability

of pea-wilt virus, a second constituent of

the complex earlier known as “white-

clover mosaic virus,** to produce such

chlorotic symptoms in tested varieties

other than Alaska and Canada Wliite.

Common name : Pea-mottle virus.

Hosts : LEGUM INOSAE—Trifolium

repens L., w’hite clover; Pisum sativum

L., pea. Experimentally, also CARYO-
PHYLLACEAE—Siellaria media (L.)

Cyrill. CHENOPODIACEAE—Spin-
ada oleracea L., spinach. CUCURBI-
TACEAE—Cucumis sativus L. LE-
GVM IXOSAE—Lathyrus odoratus L.

;

Lens esculenta Moench.; Lupinus albus

L.
;
L. hirsutus L.

;
Medicago lupulina L.

;

M. sativa L., alfalfa (lucerne)
;
Melilotus

alba Desr.; Phaseolus aureus Roxb.; P.

vulgaris L., bean; Trifolium hybridum

L.
;

T. incarnatum L.
;

T. pratense L.

;

Vida faba L.
;

V. sativa L. SCRO-
PH ULARIACEAE—Antirrhinum ma-

jus L.

Insusceptible species: CHENOPODI-
ACEAE—Beta vulgaris L., sugar beet.

COMPOS I TAE—Call istephus chinensis

Nees; Lactuca sativa L. ;
Taraxacum offi-

cinale Weber; Zinnia elegans Jacq.

CRUCIFERAE—Barbarea vulgaris R.

Br.
;

Brassica oleracea L.
;
Raphanus

sativus L. GRAM INEAE—Zea mays
L. LEGUMINOSAE—Glycine max
Merr. ; Vigna sinensis (L.) Endl. LILI-
ACEAE—Lilium formosanum Stapf.

PLANTAGINACEAE — Plantago
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lanceolata L. ;
P. major L. POLYGON-

ACEAE—RumexacetosellaL, SOLAN-
ACEAE—Datura strajnonium L. ; Lyco-

peraicon eaculenium Mill.; Nicotiana

glutinosa L. ; N. ruslica L.
;
N, sylvestria

Spegaz. and Comes; N, tabacum L.;

Solamtm nigrum L.

Geographical distribution ; United

States (Washington).

Induced disease: Experimentally, in

pea, developing leaves late in opening;

clearing of veins, chlorotic spotting,

stunting, chlorotic mottling; stipules

mottled; stems, pods, and seeds appear

normal. If pea-wilt virus (Marmor re-

pens Johnson) is also present, a severe

streak disease occurs. Intracellular in-

clusions absent. In bean, light yellow

spots and clearing of veins. In spinach,

severe chlorotic mottling, dwarfing. In

alfalfa, streaks of yellowing along veins,

chlorotic mottling.

Transmission: By inoculation of ex-

pressed juice. By dodder, Cuscuta cam-

peatrisYunck. (CONVOLVULACEAE).
Not by pea aphid, Macrosiphum piai

Kalt. {APHIDIDAE). No insect vec-

tor is known.

Thermal inactivation: At 60 to 62® C
in 10 minutes.

Filterability : Passes Berkefeld W filter

candle.

Other properties: Infectious in dilu-

tion of 1:10,000 and after storage in ex-

pressed juice or dried tissues for one

month at about 25® C.

Literature: Johnson, Phytopath.,

1942, 103-116; Johnson and Jones, Jour.

Agr. Res., 54, 1937, 629-638; Pierce, ibid,^

61, 1936, 1017-1039; Zaumeyer and Wade,

ibid,, 61, 1935, 716-749.

40. Marmor tritici H. (loc, ciL, 61).

From Latin Iriticum, wheat.

Common names: Wheat-mosaic virus,

wheat-rosette virus.

Hosts: QRAMINEAE—Triiicum aes-

iivum L., wheat; Secale cereale L., rye.

Experimentally, also all tested species of

the tribe Hordeae ;
Triiicum compactum

Host; r. turgidum L.; T, durum Desf.;

T. dicoccum Schrank; T, apelta L.; T,

polonicum L.; T. monococcum L., Hor-

deum vitlgare L., barley.

Insusceptible species: GRAMINEAE
—Bromus inermis Leyss., awnless brome-

grass (of the tribe Festuceae).

Geographical distribution : United

States, Japan.

Induced disease : In wheat, systemic

chlorotic mottling, with dwarfing in some
varieties; vacuolate, rounded intracellu-

lar bodies in diseased cells, usually close

to nucleus. Some selections of Harvest

Queen wheat are resistant.

Transmission : Through soil
;
remains

infectious in soil 6 or more years. By in-

oculation of expressed juice (needle punc-

tures in stem). Not through seeds or

stubble of diseased plants. No insect

vector is known.

Thermal inactivation: CJontaminated

soil becomes incapable of infecting wheat

plants if heated for 10 minutes at 60® C
though not if heated for the same length

of time at 60® C.

Literature: Johnson, Science, 96, 1942,

610; McKinney, Jour. Agr. Res., 2$, 1923,

771-800; U. S. Dept. Agr., Bull. 1361,

1925; U. S. Dept. Agr., Circ. 442, 1937;

Jour. Agr. Res., 40, 1930, 647-556; Mc-
Kinney et al., ibid,, 26, 1923, 605-608;

Wada and Hukano, Agr. and Hort., 9,

1934, 1778-1790 (Rev. Appl.Mycol., 14,

1935, 618, Abst.); Jour. Imp. Agr. Exp.

Sta., 5, 1937, 93-128 (Rev. Appl. Mycol.,

16, 1937, 665, Abst.)
;
Webb, Jour. Agr.

Res., S6, 1927, 587-614; 55, 1928, 53-75.

41. Marmor gramlnis McKinney.
(Jour. Washington Acad. Sci., S4, 1944,

326.) From Latin gramen, grass.

Common name : Brome-grass mosaic

virus.

Hosts; GRAMINEAE—Bromus iner-

mia Leyss., awnless biome-grass. Ex-

perimentally, also Triiicum aestivum L.,

wheat ; Avena aativa L., oat.

Geographical distribution : United

States (I^nsas).

Induced disease: In awnless brome-

grass, systemic chlorotic mottling of the
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type commonly called yellow mosaic be-

cause of the distinctly yellow color of the

chlorotic arcaa in affected leaves.

Transmission: By inoculation of ex-

pressed juice or of aqueous suspensions

of dried diseased tissues ;
not inactivated

by drying in diseased tissues for at least

51 days. No insect vector is known.

Literature: McKinney et al., Phyto-

path., S2, 1942, 331.

42. Manner abaca H. (loc, cit.y 63).

From common name of host plant.

Common name : Abaci bunchy-top

virus.

Host : M USACEAE—Musa texiilis

N6e, abaci (Manila hemp plant).

Insusceptible species : M USACEAE—
Musa sapientum L. vars. cinerea (Blanco)

Teodoro, compressa (Blanco) Teodoro,

lacatan (Blanco) Teodoro, and suavcolens

(Blanco) Teodoro; M. cavendishii Lamb.

Geographical distribution: Philippine

Islands.

Induced disease : In abaci (Manila

hemp plant), chlorotic lines and spots

along veins of young leaves, followed by

growth of distorted leaves, successively

shorter, narrower, stiffer, and more

curled along their margins. The green

areas of mottled leaves, petioles, and leaf

sheaths arc darker than normal. Newly

formed diseased leaves unfurl early, but

are short, producing the bunchy top that

is referred to in the common name of the

disease.

Transmission: By the aphid, Penta-

Ionia nigronervosa Coq. {APIIIDI-

DAE), vector also of the apparently dis-

tinct banana bunchy-top virus of Aus-

tralia. The incubation jxjriod of abaci

bunchy-top virus in this aphid is between

24 and 48 hours in length. The progeny

of viruliferous aphids do not receive the

virus directly, but must feed on diseased

plants before they can infect healthy

abaci. Transmission by inoculation of

expressed juice has not been demon-

strated. No soil transmission.

Literature: Ocfeinia, Am. Jour. Bot.,

17, 1930, 1-18; Philippine Agriculturist,

22, 1934, 567-581.

43. Marmor passlflorae H. (loc. cit,,

77 ) . From New Latin Passiflora, generic
name of passion fruit.

Common name: Passion-fruit woodi-

ness virus.

Hosts : PASSIFLORACEAE—Passu
flora edulis Sims, passion fruit

;
P. coeru-

lea L. Experimentally, also P. alba

Link and Otto.

Insusceptible species: SOLANA-
CEAE—Datura stramonium L.

;
Lycoper-

sicon esculentum Mill., tomato
;
Nicotiana

gluiinosa L.
;
N, tabacum L., tobacco.

Geographical distribution : Australia

(New South Wales, Queensland, Victoria)

,

Kenya.

Induced disease: In passion fruit,

growth checked
;
leaves puckered, slightly

chlorotic or obscurely mottled, curled,

twisted, deformed. Clearing of veins has

been observed. Color of stems darker

green t han normal in some places. Fruits

short or deformed, discolored, surface

sometimes roughened by cracks
;
so hard

as not to be cut through readily. Peri-

carp or rind of fruit abnormally thick.

Pulp deficient, color deepened. At tem-
peratures below 80® F, some abscission of

j'oung chlorotic leaves; above 85® F,

masking of the disease in most plants.

Transmission : By inserting cotton in

stem wound after soaking it in e.xpressed

juice of diseased plant. By aphids. My-
zus persicae (Sulz.), Macrosiphum solani-

folii Ashm., and two dark-colored species

of the genus Aphis (APHIDIDAE),
Literature : Cobb, Agr. Gaz. New South

Wales, 12, 1901, 407-418; Noble, Jour, and
Proc. Roy. Soc. New South Wales, 62,

1928, 79-98; Noble and Noble, ibid,, 72,

1939, 293-317; Simmonds, Queensland

Agr. Jour., 45, 1936, 322-330.

44. Marmor flaccumfaciens H. {loc,

cit., 73). From Latin /accus, flabby, and
facere, to make.

Common names: Rose-wilt virus, rose

dieback virus.
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Hosts : ROSACEAE—Rosa hybrids,

roses.

Geographical distribution : Australia,

especially Victoria; New Zealand; possi-

bly Italy.

Induced diseiise : In rose, leaflets crowd

ed, brittle, recurved. Defoliation pro-

gresses from tip to base of plant. Tips of

branches discolor and die back an inch or

two. Stem darkens at base. Buds re-

main green and begin development,

but growth is soon checked by necrosis at

tips. Plant may recover temjx)rarily,

but not permanently.

Transmission: By inoculation of ex-

pressed juice (needle-puncture and
scratch methods). No insect vector is

known.

Filterability : Passes Seitz filter (Seitz

EK Schichten type, size 6).

Literature: Gigante, Boll. Staz. Pat.

Veg. Roma, n. s. 16

^

1936, 76-94
;
Grieve,

Austral. Jour. Exp. Biol, and Med.
Science, 8, 1931, 107-121; Jour. Dept.

Agr. Victoria, 1932 and 1933, pages 30-32.

45. Marmor rosae H. (Joe, cit., 74).

From Latin rosa, rose.

Common name : Rose-mosaic virus.

Hosts: ROSACEAE—Rosa rugosa

Thunb. ; R. chinensis Jacq. var. manelti

Dipp. ; R. multiflora Thunb. ; R. odorata

Sweet, tea rose; R. gymnocarpa; Ruhus

parviflorus Nutt.

Geographical distribution : United

States, England, Bulgaria, Brazil.

Induced disease : In Rosa rugosa and R.

chinensis var. manetii, systemic chlorotic

mottling.

Transmission : By budding and other

forms of graftage. Not by inoculation of

expressed juice. No insect vector is

known.

Literature : Baker and Thomas, Phyto-

path., 5;^, 1942, 321-326; Brierley, Phyto-

path., 1935, 8 (Abst.); Brierley and
Smith, Am. Nurseryman, 72, 1940, 5-8;

Jour. Agr. Res., 61 , 1940, 625-660 ; Kramer,
Revista de Agricultura, 16, 1940, 301-311

;

O Biologico, 6, 1940, 365-368
; McWhorter,

U. S. Dept. Agr., Plant Dis. Rep., 16,

1931, 1-3; Milbrath, West. F’lorist, IS,

1930, 29-30; Nelson, Phytopath., 20, 1930,

130 (Abst.); Newton, Rep. Domin. Bot.,

1930, Div. Bot., Canad. Dept. Agr., 1931,

23; Thomas and Massey, Hilgardia, 12,

1939, 645-663; Vibert, Jour. Soc. Imp. et

Cent. Hort., 9, 1863, 144-145; White,

Phytop.ath., 22, 1932, 53-69
; 21^, 1934,

1124-1125.

46. Marmor veneniferum H. Hoc. cit.,

75). From Latin venenifer, poisonous, in

reference to occasional killing of tissues

near inserted bud in graft transmission.

Common name: Rose-streak virus.

Hosts: ROSACEAE—Rosa muliiflora

Thunb.; R. odorata Sweet; iJosa hybrids.

Geographical distribution: Eastern

United States.

Induced disojise : In various rose species

and hybrids, brownish or reddish ring and

veinbanding patterns on leaves, and ring

patterns on stems. Sometimes necrotic

areas near inserted bud, causing girdling

of stem and wilting of foliage.

Transmission : By grafting. Not by

inoculation of expressed juice. No insect

vector is knowui.

Literature: Brierley, Phytopath., 25,

1935, 7-8 (Abst.); Brierley and Smith,

Jour. Agr. Res., 61, 1940, 625-660.

47. Marmor mall H. (loc. cit., 75).

From Latin malus, apple tree.

Common name : Apple-mosaic virus.

Hosts: ROSACEAE—Pyrus malus L.,

apple. Experimentally, also Cotoneaster

harroviana; Eriohotrya japonica Lindl.,

loquat; Photinia arhutifoUa Lindl.,

toyon; Rosa sp., rose; Sorbus pallescens.

Insusceptible si>ecie8: ROSACEAE—
Amelanchier alnifolia Nutt.; Crataegus

douglasii Lindl.; Pyrus communis L.,

pear.

Geographical distribution : United

States, Australia, Bulgaria, British Isles.

Induced disease: In apple, clearing of

veins and systemic chlorotic spotting.

The chlorotic areas sometimes become

necrotic during months of intense sun-

light.

Transmission : By grafting. No insect
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vector is known. Transmission by in-

oculation of expressed juice has not been
demonstrated.

Thermal inactivation: Not demon-
strated. Virus in stem tissues with-

stands at least 60® C for as much as 60

minutes without being inactivated.

Literature: Blodgett, Phytopath., 28,

1938, 937-938; Bradford and Joley, Jour.,

Agr. Res., 4^, 1933, 901-908; Christoff,

Phytopath. Zeitsohr., 7, 1934, 521-536; 8,

1935, 285-296; Thomas, Hilgardia, 10,

1937, 581-588.

48. Marmor fragariae H. {loc. cit., 78).

From New Latin Fragaria, generic name
of strawberry, from Latin fraga, straw-

berries.

Common name : Strawberry-crinkle

virus.

Hosts: ROSACEAE—Fragaria hy-

brids, cultivated strawlxu-ries. Experi-

mentally, also Fragaria vesca L., wood-

land strawlierry.

Geographical distribution: United

States, England.

Induced disetise : In cultivated straw-

berry, crinkling and chlonjsis of leaves.

At first, minute chlorotic flecks apj)ear in

young leaves. These flecks enlarge, and

small necrotic sjx)ts nuiy apix'ar in their

centers. Vein-clearing appears fre-

ciuently . Affected foliage lighter and less

uniformly green than normal. The vari-

ety Royal Sovereign may appear normal

through carrying this virus.

Transmission : By aphid, Myzus fragae-

Join Ckll. (= Capitophorus fragariae

Theob.) {APHIDIDAE). By grafting.

Not by inoculation of expressed juice.

Literature: Harris, Ann. Rept, East

Mailing Res. Sta. for 1936, 1937, 201-211,

212-221; ibid., for 1937, 1938, 201-202;

Harris and Hildebrand, Canad. Jour. Res.,

0, 16, 1937, 252-280; Ogilvie et al., Ann.

Rept. Ijong Ashton Res. Sta. for 1933,

1934, 96-97; Vaughan, Phytopath., 2S,

1933, 738-740; Zeller, Oregon Agr. Exp.

Sta., Sta. Bull. 319, 1933; Zeller and

Vaughan, Phytopath., 22, 1932 ,
709-713.

49. Marmor marglnans H. (Zoc. cii.,

79). From Latin marginare, to provide

with a margin.

Common name : Strawberry yellow-

edge virus.

Hosts : ROSACEAE—Fragaria hy-

brids, strawberries ; Fragaria californica

C. and S. ;
F. chiloensis Duch. (symptom-

less). Experimentally, also Fragaria

vesca L.
;

F. virginiana Duch. (some

clones appear to be immune to infection

by runner inarching).

Geographical distribution : United
States, England, France, New Zealand.

Induced disease : In strawberry, plant

appears flat with outer zone of leaves more
or less normal, central leaves dwarfed,

yellow-edged, deficient in red pigmenta-

tion. The variety Premier may carry

this virus without showing any obvious

manifestation of disease.

Transmission : By aphid, Myzus fragae^

Join Ckll. (APHIDIDAE). By graft-

ing. Not by inoculation of expressed

juice. Not through seeds from diseased

plants.

Literature : Chamberlain, New Zealand

Jour. Agr., 48, 1934
,

226-231
; Harris,

Jour. Pom. and Hort. Science, 11, 1933,

56-76; Harris and Hildebrand, Canad.

Jour. Res., C, 16, 1937, 252-280; Hilde-

brand, ibid., C, 19, 1941, 225-233; Plaki-

das, Phytopath., 16, 1926, 423-426; Jour.

.\gr. Res., 36, 1927, 1057-1090.

50. Marmor rubi H. (Holmes, loc. cii.,

80; Poecile rubi McKinney, Jour. Wash-
ington Acad. Science, 34, 1944, 148.)

From Latin rubus, bramble bush.

Common name : Red-raspberry mosaic

virus.

Hosts: ROSACEAE—Rubus idaeus

L., red raspberry; R. occidentalis L.,

black raspberry.

Geographical distribution : United

States.

Induced disease : In red raspberry, sys-

temic chlorotic mottling, masked at high

temperatures of summer. Foliage de-

velopment delayed in spring. In some
varieties, leaf petioles and cane tips die,
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canes remain short and become rosetied.

Transmission: By aphids, principally

Amphorophora rubi Kalt., but also A,
rvhicola Oestl. and A, sensoriata Mason
(APHIDIDAE), Not by inoculation

of expressed juice.

Literature: Bennett, Michigan Agr.

Exp. Sta., Techn. Bull. 80, 1927; 125,

1932; Cooley, New York Agr. Exp. Sta.

(Geneva), Bull. 675, 1936; Harris, Jour.

Pom. and Hort. Science, II, 1933,237-255;

17, 1940, 318-343; Rankin, New York
Agr. Exp. Sta., Geneva, Bull. 543, 1927;

New York Agr. Exp. Sta., Geneva, Tech.

Bull. 175, 1931.

51. Marmor persicae H. (Holmes, loc.

cit.f 81 ;
Flavimacula persicae McKinney,

Jour. Washington Acad. Science, 54, 1944,

149.) From New Latin Persica^ former

generic name of peach.

Common name : Peach -mosaic virus.

Hosts: ROSACEAE—Prunus persica

(L.) Batsch, peach and nectarine, all

tested varieties. Experimentally, also

P. armeniaca L., apricot; P. communis

Fritsch, almond; P. domestica L., plum
and prune.

Insusceptible species : Attempts to in-

fect sweet and sour cherries have thus

far failed.

Geographical distribution : United

States (Colorado, California, Utah, Ok-

lahoma, Texas, New Mexico, Arizona).

Induced disease : In peach, short inter-

nodes in spring growth, sometimes break-

ing in flower pattern, chlorotic mottling

and distortion of foliage early in season,

masking of leaf symptoms or excision of

affected areas of leaf lamina in midsum-

mer; fruit small, irregular in shape, un-

salable. Some peach varieties are less

damaged than others, but all are thought

to be equally susceptible to infection, and

equally important as reservoirs of virus

when infected. In almond, experimen-

tally, symptomless infections ; symptoms
appear in some apricot and plum varieties

when experimentally infected, not in

others.

Transmission: By budding and other

methods of grafting. Not by inoculation

of expressed juice. Not through soil.

No insect vector is known. Not through

pollen or seed from diseased plants.

Thermal inactivation : Not demon-

strated; virus not inactivated by tem-

peratures effective in inactivating peach

-

yellows virus.

Literature : Bodine, Colorado Agr. Exp.

Sta., Bull. 421, 1936; Bodine and Durrell,

Phytopath., 51, 1941, 322-333; Cation,

ibid., 24, 1934, 1380-1381; Christoff,

Phytopath. Ztschr., II, 1938, 360-422;

Cochran, California Cultivator, 87, 1940,

164-165; Cochran and Hutchins, Phyto-

path., £8, 1938, 890-892; Hutchins, Sci-

ence, 76, 1932, 123; Hutchins et al., U.

S. Dept. Agr., Circ. 427, 1937, 48 pp.;

Kunkel, Am. Jour. Bot., 55, 1936, 683-

686; Phytopath., 28, 1938, 491-497;

Thomas and Rawlins, Hilgardia, 15, 1939,

623-644; Valleau, Kentucky Agr. Exp.

Sta., Bull. 327, 1932, 89-103.

52. Marmor astri H. (loc. cit., 83).

From Latin asirum, star.

Common name : Peach asteroid-spot

virus.

Host : ROSACEAE—Prunus persica

(L.) Batsch, peach.

Geographical distribution : California.

Induced disease: In peach, discrete

chlorotic lesions spreading along veins,

forming star-like spots
;
developing leaves

normal in appearance, becoming affected

as they mature. Some chlorophyll re-

tained in lesions as leaves turn yellow.

Affected leaves shed early.

Transmission : By grafting. Not by in-

oculation of expressed juice. No insect

vector is known.

Literature : Cochran and Smith, Phyto-

path., 55, 1938, 278-281.

53. Marmor rubiglnoaum Reeves.

(Phytopath., SO, 1940, 780.) From Latin

rubiginoBus, rusty.

Common name: Cherry rusty-mottle

virus.

Host : ROSACEAE--Prunus avium L.,

sweet cherry.
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Geographical distribution : United

States (Washington).

Induced disease : In sweet cherry,

chlorotic mottling 4 to 5 weeks after full

bloom, 6rst on small basal leaves, later on
all leaves. The older affected leaves de-

velop autumnal colors and absciss, 30 to

70 per cent of the foliage being lost.

The remaining foliage appears somewhat
wilted, shows increased mottling, chlo-

rotic spots, and areas becoming yellowish

brown, appearing rusty. Blossoms nor-

mal. Fruits smaller than normal, in-

sipid, not misshapen. Growth rate of

tree reduced slightly.

Transmission: By grafting. Not by
inoculation of expressed j uice . No insect

vector is known.

Literature: Reeves, Phytopath., 50,

1940, 789 (Abat.); Jour. Agr. Res., 62,

1941, 665-572 (see 566-567).

54.

Marmor cerasl Zeller and Evans.

(Phytopath., 5i, 1941, 467.) From Latin

cerasus, cherry tree; originally spelled

cerasae, by error.

Common name : Cherry mottle-leaf

virus.

Hosts: ROSACEAE—Prunus avium

L., sweet cherry; P. emarginata (Dougl.)

Walp., wild cherry. Experimentally,

also P. cerasus L. (tolerant) and P. m<?-

haleb L. (tolerant).

Geographical distribution : United

States (Washington, Oregon, Idaho, Cali-

fornia) and Canada (British Columbia).

Induced disease : In sweet cherry, chlo-

rotic mottling
;
leaves puckered, wrinkled,

distorted, not perforated. Blossoms not

affected. Fruit small, hard, insipid, un-

even or delayed in ripening. Crop re-

duced. Branches shortened, tree even-

tually stunted.

Transmission: By budding. No insect

vector is known. Not by the black

cherry aphid, ccrosf (F.) {APHI-
DIDAE), Not by inoculation of ex-

pressed juice.

Thermal inactivation : Not demon-

strated
; not at 46° C in 60 minutes nor at

49° C in 10 minutes in bud sticks.

Literature : Reeves, Washington' State

Hort. Assoc. Proc., SI, 1935, 85-89; Jour.

Agr. Res., 62, 1941, 555-572; Zeller, Ore-
gon State Hort. Soc. Report, 26, 1934,

92-95; Phytopath., SI, 1941, 463-467.

55.

Marmor llneopictum Cation

(Phytopath., 51, 1941, 1009.) From
Latin linea, line, and pictus, ornamented.
Common names: Prunus line-pattern

virus, peach line-pattern virus.

Hosts: ROSACEAE—Prunus salicina

Lindl., Japanese plum; P. mahaleb L.,

Mahaleb cherry; P. persica (L.) Batsch,

peach (= Amygdalus persica L.).

Geographical distribution : United
States (Kentucky, Michigan, California,

Ohio; perhaps widely distributed).

Induced disease: In peach and Ma-
haleb cherry, light-colored line patterns

or faint chlorotic mottling, tending to

become masked as leaf becomes old. In

peach, affected foliage sometimes less

glossy than normal. In Prunus salicina,

no disease manifestations usually
; rarely,

chlorotic mottling on a few leaves.

Transmission : By grafting. No insect

vector is known.

Literature : Berkeley, Div. of Bot. and
Plant Path., Science Service, Dominion

Dept. Agr., Ottawa, Canada, Publ. 679,

1941 ; Cation, Phytopath., SI, 1941, 1(X)4-

1010; Thomas and Rawlins, Hilgardia,

12, 1939, 623-644
;
Valleau, Kentucky Agr.

Exp. Sta., Res. Bull. 327, 1932, 89-103.

56.

Marmor pallidolimbatus Zeller and
Milbrath. (In Handbook of Virus Dis-

eases of Stone Fruits in North America,

Michigan Agr. Exp. Sta., Miscell. Publ.,

May, 1942, 50; Phytopath., 55, 1942,

635.) From Latin pallidus, pale, and

limbatus, bordered.

Common name : Cherry banded-chloro-

sis virus.

Hosts : ROSACEAE—Prunus serru-

lata Lindl., flowering cherry; P. avium

L., Mazzard cherry.

Geographical distribution : United

States (Pacific Northwest).

Induced disease : In flowering cherry,
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canes remain short and become rosetted.

Transmission: By aphids, principally

Amphorophora ruhi Kali., but also A,
rvbicola Oestl. and A, sensoriata Mason
(APHIDIDAE), Not by inoculation

of expressed juice.

Literature: Bennett, Michigan Agr.

Exp. Sta., Techn. Bull. 80, 1927; 125,

1932; Cooley, New York Agr. Exp. Sta.

(Geneva), Bull. 675, 1936; Harris, Jour.

Pom. and Hort. Science, 11, 1933, 237-255;

17, 1940, 318-343; Rankin, New York
Agr. Exp. Sta., Geneva, Bull. 543, 1927;

New York Agr. Exp. Sta., Geneva, Tech.

Bull. 175, 1931.

51. Mannor perslcae H. (Holmes, loc,

cit,, 81 ;
Flavimacula persicae McKinney,

Jour. Washington Acad. Science, S4, 1944,

149.) From New Latin Pcrsica, former

generic name of peach.

Common name : Peach-mosaic virus.

Hosts: ROSACEAE—Prunus peraica

(L.) Batsch, peach and nectarine, all

tested varieties. Experimentally, also

P. armeniaca L., apricot; P. communis

Fritsch, almond; P. domeaiica L., plum
and prune.

Insusceptible species : Attempts to in-

fect sweet and sour cherries have thus

far failed.

Geographical distribution : United

States (Colorado, California, Utah, Ok-

lahoma, Texas, New Mexico, Arizona).

Induced disease : In peach, short inter-

nodes in spring growth, sometimes break-

ing in flower pattern, chlorotic mottling

and distortion of foliage early in season,

masking of leaf symptoms or excision of

affected areas of leaf lamina in midsum-
mer; fruit small, irregular in shape, un-

salable. Some peach varieties are less

damaged than others, but all are thought

to be equally susceptible to infection, and
equally important as reservoirs of virus

when infected. In almond, experimen-

tally, symptomless infections; symptoms
appear in some apricot and plum varieties

when experimentally infected, not in

others.

Transmission: By budding and other

methods of grafting. Not by inoculation

of expressed juice. Not through soil.

No insect vector is known. Not through

pollen or seed from diseased plants.

Thermal inactivation : Not demon-

strated; virus not inactivated by tem-

peratures effective in inactivating peach-

yellows virus.

Literature : Bodine, Colorado Agr. Exp.

Sta., Bull. 421, 1936; Bodine and Durrell,

Phytopath., 51, 1941, 322-333; Cation,

ibid., 24, 1934, 1380-1381; Christoff,

Phytopath. Ztschr., 11, 1938, 360-422;

Cochran, California Cultivator, 87, 1940,

164-165; Cochran and Hutchins, Phyto-

path., S8, 1938, 890-892; Hutchins, Sci-

ence, 76, 1932, 123; Hutchins et al., U.

S. Dept. Agr., Circ. 427, 1937, 48 pp.;

Kunkel, Am. Jour. Bot., BS, 1936, 683-

686; Phytopath., S8, 1938, 491-497;

Thomas and Rawlins, Hilgardia, IS, 1939,

623-644; Valleau, Kentucky Agr. Exp.

Sta., Bull. 327, 1932, 89-103.

52. Mannor astrl H. (loc. cit., 83).

From Latin astrum, star.

Common name : Peach asteroid-spot

virus.

Host : ROSACEAE—Prunus peraica

(L.) Batsch, peach.

Geographical distribution : California.

Induced disease : In peach, discrete

chlorotic lesions spreading along veins,

forming star-like spots
;
developing leaves

normal in appearance, becoming affected

as they mature. Some chlorophyll re-

tained in lesions as leaves turn yellow.

Affected leaves shed early.

Transmission : By grafting. Not by in-

oculation of expressed juice. No insect

vector is known.

Literature : Cochran and Smith, Phyto-

path., S8, 1938, 278-281.

53. Mannor rubiginoaum Reeves.

(Phytopath., 50, 1940, 780.) From Latin

ruhiginoaus, rusty.

Common name: Cherry rusty-mottle

virus.

Host : ROSACEAE—Prunua avium L.,

sweet cherry.
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Geographical distribution : United

States (Washington).

Induced disease : In sweet cherry,

chlorotic mottling 4 to 5 weeks after full

bloom, first on small basal leaves, later on

all leaves. The older affected leaves de-

velop autumnal colors and absciss, 30 to

70 per cent of the foliage being lost.

The remaining foliage appears somewhat
wilted, shows increased mottling, chlo-

rotic spots, and areas becoming yellowish

brown, appearing rusty. Blossoms nor-

mal. Fruits smaller than normal, in-

sipid, not misshapen. Growth rate of

tree reduced slightly.

Transmission: By grafting. Not by
inoculation of expressed juice. No insect

vector is known.

Literature: Reeves, Phytopath., SO,

1940, 789 (Abst.); Jour. Agr. Res., 62,

1941, 555-572 (see 566-567).

54.

Marmor cerasi Zeller and Evans.

(Phytopath., SI, 1941, 467.) From Latin

cerasus, cherry tree; originally spelled

cerasae, by error.

Common name: Cherry mottle-leaf

virus.

Hosts: ROSACEAE—Prunus avium

L., sweet cherry; P. emarginata (Dougl.)

Walp., wild cherry. Experimentally,

also P. cerasus L. (tolerant) and P. m<?-

haleb L. (tolerant).

Geographical distribution : United

States (Washington, Oregon, Idaho, Cali-

fornia) and Canada (British Columbia).

Induced disease : In sweet cherry, chlo-

rotic mottling
;
leaves puckered, wrinkled,

distorted, not perforated. Blossoms not

affected. Fruit small, hard, insipid, un-

even or delayed in ripening. Crop re-

duced. Branches shortened, tree even-

tually stunted.

Transmission : By budding. No insect

vector is known. Not by the black

cherry aphid, ccrod I (F.) {APHI-
DIDAE), Not by inoculation of ex-

pressed juice.

Thermal inactivation : Not demon-
strated ; not at 46*^ C in 60 minutes nor at

49^ C in 10 minutes in bud sticks.

Literature: Reeves, Washington State

Hort. Assoc. Proc., SI, 1935, 85-89; Jour.

Agr. Res., 62, 1941, 555-572; Zeller, Ore-

gon State Hort. &c. Report, 26, 1934,

92-95; Phytopath., SI, 1941, 463-467.

55.

Marmor lineopictum Cation

(Phytopath., SI, 1941, 1009.) From
Latin linea, line, and pictua, ornamented.

Common names: Prunus line-pattern

virus, peach line-pattern virus.

Hosts: ROSACEAE—Prunua aalicina

Lindl., Japanese plum; P. mahaleh L.,

Mahaleb cherry; P. peraica (L.) Batsch,

peach (=* Amygdalua peraica L.).

Geographical distribution : United

States (Kentucky, Michigan, California,

Ohio; perhaps widely distributed).

Induced disease: In peach and Ma-
haleb cherry, light-colored line patterns

or faint chlorotic mottling, tending to

become masked as leaf becomes old. In

peach, affected foliage sometimes less

glossy than normal. In Prunus aalicina,

no disease manifestations usually
;
rarely,

chlorotic mottling on a few leaves.

Transmission : By grafting. No insect

vector is known.

Literature : Berkeley, Div. of Bot. and
Plant Path., Science Service, Dominion
Dept. Agr., Ottawa, Canada, Publ. 679,

1941 ; Cation, Phytopath., SI, 1941, 1004-

1010; Thomas and Rawlins, Hilgardia,

12, 1939, 623-644; Valleau, Kentucky Agr.

Exp. Sta., Res. Bull. 327, 1932, 89-103.

56.

Marmor pallidolimbatus Zeller and
Milbrath. (In Handbook of Virus Dis-

eases of Stone Fruits in North America,

Michigan Agr. Exp. Sta., Miscell. Publ.,

May, 1942, 50; Phytopath., S2, 1942,

635.) From Latin pallidua, pale, and
limbatus, bordered.

Common name : Cherry banded-chloro-

sis virus.

Hosts : ROSACEAE—Prunus serru-

lata Lindl., flowering cherry; P. avium
L., Mazzard cherry.

Geographical distribution : United

States (Pacific Northwest).

Induced disease: In flowering cherry,
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chlorotic bands surrounding discolored

areas on leaves. In Mazzard cherry,

dwarfing of whole plant, chlorotic bands

on leaves.

Transmission : By budding, even in the

absence of survival of inserted buds.

57. Marmor nerviclarens Zeller and
Evans. (Phytopath., 51, 1941, 467.)

From Latin nervus, sinew or nerve, and

clarerCf to shine.

Common name: Cherry vein-clearing

virus.

Hosts: ROSACEAE—Prunus avium

L., sweet cherry. Perhaps also P. serrw-

lata Lindl. and P. domestica L., on which
symptoms similar to those induced by
this virus have been observed.

Geographical distribution : United

States (Oregon, Washington).

Induced disease : In sweet cherry,

clearing of veins throughout each leaf or

only in localized areas. Margins of leaves

irregular, most indented where clearing

of veins is most conspicuous. Elongated,

elliptic, or slot-like perforations occur in

some leaves. Affected leaves usually

narrow. Enations occur as small blis-

tered proliferations on lower side of main
veins. Upper leaf surface silvery by re-

flected light. By midsummer, leaves

droop and appear somewhat wilted ; they

may fold along the midvein. Internodes

short ;
increased number of buds, spurs,

or short branches at nodes ;
resetting more

pronounced on some branches than on
others, mostly at end of year-old wood.

In advanced disease, fruits pointed,

small, flattened on suture side with swol-

len ridge along suture. Blossoms ab-

normally abundant, crop of fruit reduced

or wanting.

Transmission : By grafting. Not dem-
onstrated by inoculation of expressed

juice. No insect vector is known.

58. Marmor viticola H. (loc, cit.^ 83).

From Latin vine, and -co/a, in-

habitant of.

Common name: Vine-mosaic virus.

Host: VITACEAE— Viiis vinifera L.,

grape.

Geographical distribution : France,

Italy, Bulgaria, Czechoslovakia.

Induced disease : In grape, various

modifications of systemic chlorotic mot-

tling, and red pigmentation of parts of

leaves with subsequent drying and drop-

ping out of afTected s|X)ts. Leaves de-

formed, crimped between nuiin veins.

Growth restricted.

Transmission: By inoculation of ex-

pressed juice and by pruning.

Literature : Blattn^, Vinafsk^^ obzor.,

25, 1931, 4-5 (Cent. f. Bakt., II Abt., 84,

1931, 464); Ochrana Rostlin, IS, 1933,

104-105 (Rev. Appl. Mycol., IS, 1934,

421) ;
Gigante, Boll. Staz. Pat. Veg. Roma,

n. 8. 17, 1937, 169-192 (Rev. Appl. Mycol.,

17, 1938, 221) ;
Pantanelli, Malpighia, 54,

1911, 497-523; 55, 1912, 17-46; Stranak, II

Congr. Intern. Path. Comp. Paris, 1931,

367-378; Ochrana Rostlin, //, 1931,

89-98 (Rev. Appl. Mycol., 11, 1932, 280)

;

Vielwerth, Ochrana Rostlin, 13, 1933,

83-90 (Rev. Appl. Mycol., 13, 1934,

421-422).

59. Marmor santali H. (/oc. cit., 94).

From New Latin, Sanlalum, generic name
of sandal.

Common name: Sandal leaf-curl virus.

Host : <84 X TALACEAE—Sanlalum

album L., sandal.

Geographical distribution : India.

Induced disease: In sandal, leaves

small, curled, wrinkled, thickened, brit-

tle, abscissing. Systemic chlorotic mot-

tling. Interuode length normal. In-

fected twigs produce both flowers and

fruits.

Transmission : By ring bark-grafts.

Not by inoculation of expressed juice.

No insect vector is known.

Literature : Venkata Rao, Mysore San-

dal Spike Invest. Comm., Bull. 3, 1933.

60. Marmor secretum Bennett. (Phy-

topath., 54, 1944, 88). From Latin ae-

cretuB, hidden.

Common name : Dodder latent-mosaic

virus.

Hosts : CONVOLV ULACEA E-^Cua-

cuta californica Choisy, dodder. Expcri-
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mentally, also CHENOPODIACEAE—
Beta vulgaris L., sugar beet; Cheuopo-

dium album L., lamb’s quarters; C.

murale L., sowbane. CONVOLVULA-
CEAE—Cuscuia campeairis Yuncker; C,

subinclusa Dur, and Hilg. CRUCI-
FERAE—Brassica incana (L.) F. W.
Schultz, mustard (tolerant). CUCUR-
BITACEAE—Cucumis melo L., canta-

loupe. PII YTOLACCACEAE—Phyto-

lacca americana L., pokeweed. PLAN-
TAGINACEAE—Planiago major L.,

plantain . POLYGONACEAE—Fago-
pyrum esculentum Moench, buckwheat;

Polygonum pennsylvanicum L., knot-

weed. PRIM ULACEAE—Samolus
floribundus HBK., water pimpernel.

SOLANACEAE—Lycopersicon esculen-

tum Mill., tomato; Nicotiana glauca Gra-

ham (tolerant); N. palmcri Gray; N.
rustica L. (tolerant); N. tabacum L.

(tolerant); Solanum tuberosum L., ix3-

tato. UMBELLIFERAE—Apium
graveolens L., celery.

Insusceptible species : COMPOSITAE
— Helianthus annuus L., sunflower; Lac-

iuca saliva L., lettuce. CRUCIFERAE
—Brassica olcracea L.

,
cabbage . POLY

-

GONACEAE—Eriogonum fasciculatum

Benth., California buckwheat. SCRO-
PHULARIACEAE— Vcrbascum thap-

sus L., mullein. SOLANACEAE—
Atropa belladonna L., belladonna.

Geographical distribution : United

States (California).

Induced disease : In dodder, no symp-
toms. In sugar lx?et, experimentally,

temporary systemic chlorotic spotting;

occasional faded areas in leaves in subse-

quent chronic stage of disease. In canta-

loupe, e.xperimentally, chlorotic s|X)tting,

reduction in leaf size, death of some
leaves, stunting of plant; melons small

and of poor quality. In celery, experi-

mentally, systemic chlorosis followed by
dw'arfing and mottling with subsequent

apparent recovery.

Transmission : By dodder, Cuscuta cali-

Jornica^ C. campestris, and C. subinclusa.

By inoculation of extracted juice to some,

but not to other, host plants ; Phytolacca

americana is readily infected by rubbing

methods in the presence of a small amount
of abrasive, and develops numerous
necrotic primary lesions that serve for

quantitative estimation of concentration

of virus in inoculum. Through seeds

from infected plants of dodder, Cuscuta

campestris\ not through seeds from dis-

eased cantaloupe, buckwheat, or poke-

weed plants. No insect vector is known.
Thermal inactivation : At 56 to 60® C

in 10 minutes.

Filterability : Passes celite and Berke-

feld N and W filters.

Other properties: Infective in dilu-

tions to 1 : 3000. Inactivated by drying

and by storage in expressed pokeweed
juice, within 48 hours.

61. Manner pelargonii spec, nov.

From New Latin Pelargonium, generic

name of common geranium.

Common names : Pelargonium leaf-curl

virus; virus of dropsy or Krauselkrank-

heit of geranium.

Host: GERANlACEAE—Pelargon-

ium hortorum Bailey, geranium.

Induced disease : In geranium, circular

or irregular chlorotic spots, sometimes

stellate or dendritic, J to 5 mm in di-

ameter, centers becoming brown with

chlorotic border
;
severely afi’ected leaves

become yellow and drop; spotted leaves

ruflSed, crinkled, malformed, small, some-

times puckered and splitting. Petioles

and stems show corky, raised, necrotic

streaks; tops may die. Disease most
severe in spring, inconspicuous in sum-
mer.

Transmission: By grafting. Not by
inoculation of expressed juice nor by use

of knife to prepare cuttings for propaga-

tion. Not through seed. No insect vec-

tor is known.

Literature : Berkeley, Canad. Hort. and
Home Mag., 19S8, 1938, 1-4; Blaltn^,

Ochrana Rostlin, 15, 1933, 145 (Rev.

Appl. Mycol., IS, 1934, 378-379) ; Bremer,

Blumen-u, Pflanzenbau, 4S, 1933, 32-33

(Rev. Appl. Mycol., 12, 1933, 514);

Halstead, New Jersey Agr. Exp. Sta.,

Rept. 14, 1893, 432-433; Jones, Washing-

ton Agr. Exp. Sta., Bull. 390, 1940;
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Laubert, Gartenwelt, 91, 1927, 391 ; Pape,

ibid., 26, 1927, 329-331 ; 62, 1928, 116-117;

Pethybridge and Smith, Card. Chron.,

92, 1932, 378-379; Schmidt, Gartenwelt,

81, 1932, 40; S^liger, Nachrichtenbl.

Deutsch. Pfianzenschutzdienat, 6, 1926,

63-64; Tuimann, Gartenwelt, 61, 1927,

376-376; Verplancke, Bui. Cl. Sci. Acad.

Roy. de Belgique, ^r, 5, 18, 1932, 269-

281 (Rev. Appl. Mycol., 11, 1932, 649-

650).

62. Marmor angllae H. (loc, ciL, 48).

From Latin Anglia, England.

Common name : Potato-paracrinkle

virus.

Hosts: SOLANACEAE—Solanum tu-

berosum L., potato. Experimentally,

also Datura stramonium L., Jimson weed.

Insusceptible species: SOLANA-
CEAE—Nicoiiana tabacum L., tobacco.

Geographical distribution : England.

Induced disease : In potato, masked in

all plants of the variety King Edward.

Chlorotic mottling with some necrosis in

the varieties Arran Victory and Arran

Chief. Chlorotic mottling only in Arran

Comrade, Majestic, and Great Scot pota-

toes. Two varieties, Sharpens Express

and Epicure, are said to be resistant.

Transmission: By grafts. Not by in-

oculation of expressed juice. No insect

vector is known.

Literature: Dykstra, Phytopath., 26,

1936, 597-606; Salaman and Le Pelley,

Proc, Hoy. Soc. London, Ser. B, 106,

1930, 140-175.

63. Manner aevi spec, nov. From
Latin aevurn, old age, in reference to the

obvious involvement of old, but not of

young, delphinium leaves.

Common name : Celery-calico virus.

Hosts : CUCURBITACEAE-Cucu-
mis sativus L., cucumber; C, melo L.,

cantaloupe; Cucurbita pepo L., summer
crookneck squash. RANUNCULA-
CEAE—Delphinium chinensis

;
D, formo-

sum, hardy larkspur
;
D. grandiflorum; D,

parryi; D, zalil. SOLANACEAE--Ly-
copersicon eseulentum Mill., tomato.

UMBELLIFERAE--Apium graveolens

L., celery. Experimentally, also SOLA-
NACEAE—Nicoiiana tabacum L., to-

bacco; Petunia hybrida Vilm., petunia.

VlOLACEAE—Viola cornuta L.

Geographical distribution : United

States.

Induced disease : In celery, clearing of

veins, puckering and downward cupping

of younger leaves, green islands of tissue

in lemon-yellow areas of outer leaves,

green and yellow zigzag bands on leaflets.

In delphinium, basal and middle leaves

with pale-orange, amber, or lemon-yellow

areas ;
younger leaves normal green

;

chlorotic ring and line patterns.

Transmission: By inoculation of ex-

pressed juice in the presence of finely

powdered carborundum. By aphids

:

Aphis apigraveolens Essig, celery leaf

aphid; A, apii Theob., celery aphid; A,

ferruginea-striata Essig, rusty-banded

aphid; A, gossypii Glov., cotton aphid;

A, middletonii Thomas, erigeron root

aphid; Myzus circumflexus (Buckt.), lily

aphid; Af. convolvuli (ICalt.), foxglove

aphid; Af. persicae (Sulz.), green peach

aphid; Rhopalosiphum melliferum (Hot-

tes), honeysuckle aphid (APHIDI-
DAE).
Literature : Severin, Hilgardia, 14,

1942, 441-464; Severin and Freitag, Phy-

topath., 25, 1935, 891 (Abst.); Hilgardia,

11, 1938, 493-558.

64.

Manner raphani spec, nov. From
Latin raphanus, radish.

Common name : Radish-mosaic virus.

Hosts: CRUCIFERAE—Raphanus
sativus L., radish. Experimentally, also

CRUCIFERAE—Brassica oleracea L.;

B, nigra (L.) Koch; B, alba (L.) Boiss;

B, arvensis (L.) Ktze.; B, pe-tsai Bailey;

B, juncea (L.) Coss; B, rapa L.; B, ad-

pressa Boiss ; Capsella bursa-pastoris (L.

)

Medic.; Malcomia maritima R. Br. ; M.
bicornis DC. CHENOPODIACEAE--
Chenopodium album L.

;
C, murale L.

;

Spinacia oleracea L. RANUNCULA^
CEAE^-Delphinium ajacis L, SOLA-
NACEAE—Nicotiana gluiinosa L.; N,
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langsdorffii Weinm.; N. rustica L.; N.
tabacum L.

Geographical distribution : United

States (California).

Induced disease: In radish, systemic

chlorotic spotting followed by chlorotic

mottling of foliage ; little or no leaf dis-

tortion; plants not stunted.

Transmission: By inoculation of ex-

pressed juice. No insect vector is

known; not by the cabbage aphid, Brevi-

coryne hrassicae (L.); the false cabbage

aphid, Lipaphis pseudobraaaicae (Davis)

;

or the green peach aphid, Myzus persicac

(Sulz.) (APHIDIDAE). Not through

seeds from diseased radish plants.

Thermal inactivation: At 65 to 68° C
in 10 minutes.

Literature : Tompkins, Jour. Agr. Res.,

68, 1939, 119-130.

65. Manner primulae spec. nov. From
New Latin Primula, generic name of

primrose.

Common name : Primrose-mosaic virus.

Hosts : PRIM ULACEAE—Primula

obconica Hance. Experimentally, also

P, malacoides Franch. and P. sinensis

Lindl.

Insuscept ible species : BEGON I

A

-

CEAE—Begonia semperflorens Link and

Otto. BORAGINACEAE—Myosotis

alpestris Schmidt. CAMPA N ULA -

CEAE—Campanula medium L. CARY-
OPII YLLACEAE—Dianlhus barbatus

L. CHENOPODIACEAE—Spinacia
oleracca L. COMPOS I TAE-- Beilis

perennis L.
;
Callistephus chinensis Nees

;

Gerbera jamesonii Hook.; Lactuca saliva

L. ;
Senecio cruentus DC.

;
Tagetes patula

L. CRUCIFERAE—Brassica oleracca

L. ;
P. pe-tsai Bailey

;
B. rapa L. ; Matthi-

ola incana R. Br.; Raphanus sativus L.

C VC VRBITACEAE—Cucumis sathnts

L,; Cucurbita pepo L. EUPHORBIA-
CEAE—Ricinus communis L. ORAM-
INEAE-Zea mays L. LEQUMIKO-
SAE—Pisum sativum L. ; Vida faba L.

;

Vigna sinensis (Torner) Savi. LO-
BELIACEAE—Lobelia hybrida Hort.

PAPAVERACEAE—Papaver orientals

L. PRIMULACEAE—Anagallis ar-

vensis L. ; Cyclamen indicum L.
;
Primula

auricula L.
; P. veris L. RANUNCU-

LACEAE—Anemone coronaria L.
;
Del-

phinium cultorum Voss
; Ranunculus

asiaticus L. RESEDACEAE—Reseda

odorata L. ROSACEAE—Geum chiloense

Balb. SCROPHULARIACEAE—An-
tirrhinum majus L.

;
Pentstemon barbatus

Nutt . SOLANACEAE—Capsicum fru-

tescens L.
;
Datura stramonium L. ; Lyco-

persicon escvlentum Mill,; Nicotiana

glutinosa L.
;
N. tabacum L.

;
Solanum

tuberosum L. TROPAEOLACEAE—
Tropaeolum majus L. UMBELLI-
FERAE—Apium graveolens L. VER-
BENACEAE— Verbena hybrida Voss.

VJOLACEAE— Viola tricolor L.

Geographical distribution: United

States (California).

Induced disease : In Primula obconica,

chlorosis, stunting, rugosity with upward,

or occasionally downward, cupping of

leaves. Petioles and peduncles short-

ened; flowers reduced in size, broken in

color (white -streaked). Leaves coarsely

mottled with yellow-green, leaving green

islands; lips of leaves sometimes nar-

rowed.

Transmission : By inoculation of ex-

pressed juice, in the presence of 600-meah

powdered carborundum. Not by aphids,

Myzus persicac (Sulz.) and M. circum-

fiexus (Buckt.) {APHIDIDAE). No
insect vector is known. Probably not

through seeds.

Thermal inactivation: At 50° C, not

48° C, in 10 minutes.

Other properties: Infective after 24,

not 48, hours m vitro. Infective after

1 :10 dilution.

Literature : Tompkins and Middleton,

Jour. Agr. Res., 6S, 1941, 671-679.

66. Manner carlcae (Condit and

Horne) comb. nov. {Fidvir caricas

Condit and Horne, Phytopath., 31, 1941,

563.) From Latin carica, a kind of dried

fig.

Common name : Fig-mosaic virus.

Hosts : MORACEAE—Ficus carica L.,
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fig; F, altissima Blume; F, kriahna; and

F, tsiela Roxb.

Geographical distribution : United

States (California, Texas), England,

Puerto Rico, China, New South Wales,

Western Australia.

Induced disease : In fig, systemic chlo>

rotic spotting and mottling of foliage;

some severe leaf distortion . Fruits some-

times affected, bearing light circular

areas, rusty spots, being deformed or

dropped prematurely. Necrotic lesions

on profichi of Samson caprifigs also have

been attributed to action of this virus.

Transmission : By budding. No insect

vector is known; mites have been sus-

pected as possible vectors.

Literature: Condit and Horne, Phyto-

path., 2S, 1933, 887-896; SI, 1941, 561-

563 ;
SS, 1943, 71^723 ; Ho and Li, Lingnan

Science Jour., 16, 1936, 69-70; Pittman,

W. Austral. Dept. Agr. Jour., 12, 1935

196.

67. Marmor italicum (Fawcett) comb,

nov. (Citrivir italicum Fawcett, Phyto-

path., SI, 1941, 357.) Specific epithet

meaning ‘‘pertaining to Italy.'*

Common name : Citrus infectious-mot-

tling virus.

Host: RUTACEAE—Citrus auran-

Hum L., sour orange.

Geographical distribution: Italy.

Induced disease : In sour orange, white,

pale green, or yellow irregular areas in

leaves, leaving narrow green bands along

midrib; leaves blistered and distorted.

Transmission: The aphid, Toxoplera

aurantii (Phytopath., 2^, 1934, 661), has

been suspected as vector.

Literature: Fawcett, Phytopath., SI,

1941, 356-357; Petri, Bol. Staz. Pat. Veg.

Roma, n.s.fi, 1931, 105-114.

Note: Several additional species were

described too late for complete systematic

treatment here. They are plain’s wheat

mosaic virus, Marmor campestre

McKinney (Jour. Washington Acad. Sci.,

S4, 1944, 324) with varieties typicum

McKinney and galbinum McKinney, re-

spectively causing light-green mosaic

and severe yellow mosaic of wheat in

Kansas
;
wheat streak-mosaic virus, Mar-

mor virgatum McKinney {ibid., S4, 1944,

324) with varieties typicum McKinney
and viride McKinney {ibid., S4, 1944,

325)

,
respectively causing yellow streak-

mosaic and green streak-mosaic of wheat

in Ivansas; Agropyron-mosaic virus,

Marmor agropyri McKinney {ibid., S4t

1944, 326), with varieties typicum

McKinney and flavum McKinney, re-

spectively causing green-mosaic mottling

and yellow-mosaic mottling in the grass

Agropyron repens (L.) Beauv. in Vir-

ginia
;
also a virus, Flavlmacula ipomeao

Doolittle and Harter (Phytopath., S6,

1945, 703), causing feathery mottle of

sweet potato in Maryland [see Marmor
persicae for treatment of a virus that

was assigned as type of Flavimacula

McKinney (Jour. Washington Acad. Sci.,

54, 1944, 149), a genus originally differ-

entiated from Marmor as containing

viruses not yet inoculable save by tissue

union
;
a natural group of viruses may be

represented but their characteristics and

affiliations seem not yet clear!.

Genus II, Acrogenus Holmes,

{Loc, cit,, 110.)

Viruses of the Spindle-Tuber Group, inducing diseases characterized by abnormal

growth habit of host plants without chlorotic or necrotic spotting, systemic chlorosis,

witches’-broom formation, or production of galls. Generic name from Greek, meaning
point- or peak-producing, in reference to shape of potatoes affected by potato spindle

-

tuber virus.

The type species is Acrogenus solani Holmes.
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Key to the apeciee of genua Acrogenus.

I. iDfecting potato.

II. Infecting black currant.

1. Acrogenus solan! Holmes. (Handb.

Phytopath. Viruses, 1939, 111.) From
New Latin Solanum^ generic name of

potato.

Common names: Potato spindle-tuber

virus, potato spindling-tuber virus, po-

tato marginal leaf-roll virus.

Host: SOLANACEAE—Solanum iu-

beroaum L., potato.

Geographical distribution ; United

States and Canada.

Induced disease: Plants erect, stiff,

spindly, lacking vigor. Leaves small,

erect, darker green than normal. Peti-

oles sometimes slender, brittle. Tubers

long, cylindrical, irregular in shape, tap-

ered at ends, smooth and tender-skinned,

of softer than normal flesh in spring.

Eyes of tuber conspicuous.

Transmission: By inoculation of ex-

pressed juice; by use of contaminated

knife in cutting successive tubers before

planting; by contacts of freshly cut seed

pieces. By aphids, Afyzua peraicae

(Sulz.) and Macroaiphum aolanifolii

Ashm.C- If. Koch) (APHIDIDAE),
Also by certain leaf-eating insects.

Thermal inactivation ; At 60 to 65® C in

10 minutes (in tuber tissues).

Literature : Bald et al.. Phytopath., 5/,

1941, 181-186; F'olsom, Maine Agr. Exp.

Sta., Orono, Bull. 312, 1923; Goss, Phyto-

path., 16, 1926, 233, 299-303; 18, 1928,

445-448; Nebraska Agr. Exp. Sta., Res.

Bull. 47, 1930; 55, 1931; Jaczewski, La

Defense des Plantes, Leningrad, 4, 1927,

62-77 (Rev. Appl. Mycol., 6, 1927, 572-

573, Abst.)
;
McLeod, Canad. Exp. Farms,

Div. Bot., Rpt. for 1926, 1927.

1. Acrogenita aolani.

2. Acrogenus rihia.

Strains: A strain causing unmottled
curly dwarf of potato has been given a

varietal name to distinguish it from the

type, var. vulgaris H. (foe. ciL, 111):

la. Acrogenus aolani var. severus H.
(foe. ciL, 112). Inducing symptoms in

potato on the whole more severe than

those caused by the type strain.

Common name : Unmottled curly-dwarf

strain of potato spindle-tuber virus.

(Goss, Nebraska Agr. Exp. Sta., Res.

Bull. 47, 1930; 55, 1931 ;
Schultz and Fol-

som, Jour. Agr. Res., 55, 1923, 43-118.)

2. Acrogenus ribis H. (foe. etf., 112).

From Latin ribes, currant.

CJommon name : Black-currant rever-

sion-disease virus.

Host : SAXIFRAGACEAE-Ribes
nigrum L., European black currant.

Geographical distribution : British

Isles.

Induced disease : In European black

currant, leaves abnormally narrow and
flat, small veins few. Flowers sometimes

nearly transparent, smooth, sepals

brightly colored beneath. Flowers and
small fruits fall. Stems less woody than

normal, with tendency to excessive gum
production.

Transmission: By grafting. By big-

bud mite, Eriophyes ribis {ERIOPHYI-
DAE). Not by inoculation of expressed

juice. Not through soil. Not through

seeds from diseased plants.

Literature: Amos and Hatton, Jour.

Pom. and Hort. Science, 6, 1926, 167-183;

Amos et al., in East Mailing Res. Sta.,

15th Ann. Rpt., 1928, 43-46; Lee, Ann.

Appl. Biol., 9, 1935, 49-68.

Genua III. Corlum Holmes.

(Loc. cit, 119.)

Viruses of the Leaf-Roll Group, inducing diseases usually characterized by thicken-
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ing and rolling of leaves. Foliage leathery. Sometimes conspicuous phloem necrosis.

Generic name from Latin corium^ leather.

The type species is Corium solani Holmes.

Key to the species

1.

Infecting potato.

II. Infecting beet.

III. Infecting raspberry.

1. Corium solan! Holmes. (Handb.

Phytopath. Viruses, 1939, 120.) From
New Latin Solarium

^

generic name of

potato.

Common name : Potato leaf-roll virus.

Hosts: SOLANACEAE—Solarium tu-

berosum L., potato. Experimentally,

also other solanaceous species, Datura

stramonium L., Jimson weed; Lycopersi-

con esculenium Mill., tomato; Solanum

dulcamara L., bittersweet; S. villosum.

Insusceptible species: CHENOPODI-
ACEAE—Beta vulgaris L., beet.

Geographical distribution : North

America, France, British Isles; probably

wherever potatoes are grown.

Induced disease : In potato, leaves

thick, rigid, leathery, and rolled, their

starch content excessive. Plants dwarfed.

Tubers few, small, crisp. Tubers of

some varieties show conspicuous phloem

necrosis, germinate with spindling

sprouts.

Transmission : By aphid, Myzus persi-

cae (Sulz.) {APHIDIDAE)^ with incu-

bation period of 24 to 48 hours. Also by
Myzus convolvuli (Kalt.) (* M, pseudo-

tfofam'Theob.), M. circumflexus (Buckt.),

Macrosiphum solanifolii Ashm., and

Aphis abbreviata Patch {APHIDI-
DAE), By grafting. Not by inocula-

tion of expressed juice.

Literature: Artschwager, Jour. Agr.

Res., 16, 1918, 569-570; H, 1923, 237-245;

Dykstra, ibid,, 47, 1933, 17-32; Else,

Phytopath., 21, 1931, 675-686; Folsom,

Maine Agr. Exp. Sta., Bull. 297, 1921,

of genus Corium.

1. Corium solani.

2. Corium betae,

3. Corium rubi,

4. Corium ruborum,

37-52
; 410, 1942, 215-250; Murphy, Scient.

Proc. Roy. Dublin Soc., 17, 1923, 163-

184; Murphy and M’Kay, ibid,, 19, 1929,

341-353; Schultz and Folsom, Jour. Agr,

Res., 21
, 1921, 47-80; Smith, Ann. Appl.

Biol., 16
, 1929, 209-229; 78, 1931, 141-157;

Stevenson et al.. Am. Potato Jour., 20
,

1943, 1-10.

2. Corium betae spec. nov. From I^tin

beta, l)eet.

Common names : Sugar-l)eet yellow’s

virus, l)eet -yellows virus, jauni8.se virus,

vergelingszickte virus.

Hosts: CIJENOPODIACEAE-Beta
vulgaris L., beet

;
B. maritima L.; B.

cicla
;
Atriplex hortensis L.

; A. sibirica

L.; Chenopodium album L., lamb*8 quar-

ters; Spinacia oleracea L., spinach.

AMA RA NTHACEAE —Amaranthus

retroflexus L.

Insusceptible species: SOLANA-
CEAE—Solanum tuberosum L., potato;

all other tested solanaceous species.

Geographical distribution : Belgium,

Netherlands, Denmark, England; per-

haps Germany and the United States.

Induced disease : In beet, young leaves

little affected; older leaves yellow, brit-

tle, short, thick, containing excessive

amounts of carbohydrates; necrosis in

secondary phloem. In spinach, yellow-

ing, necrosis between veins on old leaves.

Transmission : Not by inoculation of

expressed juice. By aphids, Myzu» per-

sicae (Sulz.), Aphis fabae S(x>p., Macro-

siphum solanifolii Ashm., and Aulacor-
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thum Bolani Kalt. (APHIDIDAE);
virus is not transmitted by these aphids

to their descendants. Not through seeds

of beet. Virus overwinters in beets

stored for subsequent use in seed produc-

tion.

Serological relationships: Specific pre-

cipitating antiserum effective with crude

sap of diseased, not healthy, plants and

with sap of diseased plants after pas-

sage through a Chamberland Li, not Li,

filter candle; ineffective with sap from

beet plants suffering from mosaic.

Thermal inactivation: Virus heated

to about 52^C no longer precipitates

with specific antiserum.

Literature: Kleczkowski and Watson,

Ann. Appl. Biol., 5/ , 1944, 116-120; Peth-

erbridge and Stirrup, London, Ministry

Agr. and Fisheries, Bull. 95, 1935; Quan-

jer and Roland, Tijdschr. Plantcnziek-

len, 45, 1936, 45-70; Roland, ibid., 45,

1939, 1-22, 181-203; Schreven, Meded.

Inst, voor Suikerbietenteelt, Bergen op

Zoom, 6, 1936, 1; Watson, Proc. Roy.

Soc. I^ndon, Ser. B, 128, 1940, 535-552;

Ann. Appl. Biol., 29, 1942, 358-365.

3. Corium nibi H. (loc. cit., 121).

From New Latin Rubus, generic name of

raspberry, from Latin rubus, bramble

bush.

Common name: Raspberry leaf-curl

virus.

Host: ROSACEAE—Rubus idaeus L.,

red raspberry.

Insusceptible species: ROSACEAE—
Rubus occidentalis L., black raspberry;

R, neglecUis Pock, purple raspberry.

Geographical distribution : United

States, not in England.

Induced disease: In red raspberry,

veins retarded in growth, causing down-

ward curling of leaf margins and crinkling

of leaf lamina. Foliage dark green, dry in

appearance, not wilting readily. In late

summer, leaves bronzed, leaf surface glis-

tening. Diseased canes easily winter-

killed. Berries small and poor. The

English variety Lloyd George is intol-

erant of the disease and is killed.

Transmission : By aphid. Aphis rubi-

cola Oestl. (* A. rubiphila Patch)

(APHIDIDAE), Not by inoculation

of expressed juice.

Literature : Bennett, Michigan Agr.

Exp. Sta., Tech. Bull. 80, 1927; Phyto-

path., 20, 1930, 787-802, Harris, East

Mailing Res. Sta., Ann. Rpt. for 1934,

1935; Rankin, New York Agr. Exp. Sta.,

Geneva, Tech. Bull. 175, 1931.

Strains: A strain differing from the

type, var. alpha H. (loc. cit., 121), has

been given a varietal name derived from

its common name, raspberry beta-curl

virus

:

3a. Corium rubi var. beta H. (loc. cit.,

122). Infecting black and purple rasp-

berries, as well as the red raspberry,

which alone is susceptible to the type

strain, raspberry alpha-curl virus. (Ben-

nett, Phytopath., 20, 1930, 787-802.)

4. Corium ruborum (Zeller and Braun)

comb. nov. (Minuor ruborum Zeller and

Braun, Phytopath., 55, 1943, 161.) From
Latin rubus, bramble bush.

Common name : Raspberry decline-dis-

ease virus.

Host: ROSACEAE—Rubus idaeus L.,

red raspberry.

Geographical distribution: United

States (Oregon).

Induced disease: In Cuthbert rasp-

berry, shoots retarded in spring, reddish

;

leaves in autumn rolled downward, fluted

along veins, less green than normal be-

tween veins, slightly bronzed along mar-

gins and crests between veins. Inter-

nodes shortened near tips of canes. Af-

fected canes small, weak, not hardy in

winter. Small roots and feeder rootlets

fewer than in healthy plants. Disease

progressive over about three years.

Fruits small, irregular, tending to be

globose, crumbly when ripe, ^vorthless.

Transmission : By grafting. No insect

vector is known.
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OenuB IV. Nanus HolmeB.

(Loc. cit.f 123.)

Viruses of the Dwarf-Disease Group, inducing diseases characterized by dwarfing

of host plants or by growth of adventitious shoots with short internodes; chlorotic

mottling absent. Generic name from Latin nanus, dwarf.

The type species is Nanus loganohacci Holmes.

Key io the species of genus Nanus.

I. Infecting rosaceous plants.

A. In loganberry and Phenomenal

B. In black raspberry.

C. In peach.

D. In ocean spray.

E. In strawberry.

F. In prune and plum.

II. Infecting graminaceous plants.

A. In sugar cane.

1. Nanus loganohacci Holmes.

(Handb. Phytopath. Viruses, 1939, 124.)

From New Latin loganobaccus, specific

epithet of loganberry, Ruhus loganobaccus

Bailey.

Common name : Loganberry-dwarf

virus.

Hosts: ROSACEAE—Rubus logano-

baccus Bailey, loganberry and Phenom-
enal berry.

Geographical distribution : United

States (Oregon, Washington, and Cali-

fornia).

Induced disease : In Phenomenal berry,

leaves small, obovate, rigid, new’ canes

short, spindly. In young plants, some
necrosis along and between veins, leaves

crinkled, finer veins chlorotic. Stems
not streaked or mottled, normal in color.

In late stages, canes very short, inter-

nodes short. Sepals and petals of flowers

small. Fruit of fair size, but druplets

ripen unevenly and tend to fall apart

when picked. Loganberry is less sus-

ceptible than the Phenomenal berry but

is similarly affected.

berry.

1. Nanus loganohacci.

2. Nanus orientalis.

3. Namis mirabilis.

4. Nanus holodisci.

5. Nanus fragariae.

6. Nanus cupuliformans.

7. Nanus pruni.

8.

Nanus sacchari.

Transmission : By aphid, Capitophorus

tetrahodus (APHIDIDAE). Not by
inoculation of expressed juice.

Literature : Zeller, Phytopath., 16,

1925, 732 (Abst.)
; 17, 1927, 629-648.

2. Nanus orientalis II. {loc. cit., 124).

From Latin orientalis, eastern.

Common names : Raspberry-streak vi-

rus, raspberry eastern blue-stem virus,

raspberry rosette virus.

Host: ROSACEAE—Rubus occiden-

talis L., black raspberry.

Insusceptible species: ROSACEAE—
Rubus idaeus L., red raspberry; R. pho-

enicolasius Maxim., Japanese wincberry.

Geographical distribution : United

States.

Induced disease : In black raspberry,

plants stunted, becoming smaller in suc-

cessive seasons; leaves usually curled,

close together on canes, dark green, often

twisted so as to be upside down. New
canes show bluish violet dots, spots,

or stripes near their bases and sometimes
also on branches or on fruiting spurs.
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Fruit inferior in size, quality, and quan-

tity. Plants live only 2 or 3 years after

infection on the average.

Strains: A strain of this virus is be-

lieved responsible for mild streak of black

raspberries, in which purple to violet,

greenish brown, or bluish streaks on canes

are narrowly linear or elliptical in form

and often very faint
;
when the bloom is

rubbed off, the lesions appear as though

watersoaked and discolored. Leaves are

slightly curled, their veins cleared.

Fruits are dry and dull in lustre, even

while still red, and of poor flavor when
ripe.

Literature: Bennett, Michigan Agr.

Exp. Sta., Tech. Bull. 80, 1927; Wilcox

U. S. Dept. Agr., Dept. Circ. 227, 1923;

Woods and Haut, U. S. Dept. Agr., Plant

Dis. Rpt., £4^ 1940, 338-340.

3. Nanus mlrabllls H. (loc. cii,, 126).

From Latin mirabiliSj strange.

Conamon name : Peach phony -disease

virus.

Hosts : ROSACEAE—Prunxis persica

(L.) Batsch, i>each. Experimentally,

also other Prunus species.

Geographical distribution : United

States (Georgia, Alabama, Florida;

sparsely also in Mississippi, Tennessee,

South Carolina, Louisiana, Texas, Ar-

kansas, Missouri).

Induced disease : In peach, tree

dwarfed, foliage abnormally green, fruit

small
;
flecks in wood, esiKJcially in roots;

sections of Riots show characteristic well-

distributed purple spots after 3 to 5 min-

utes of treatment in 25 cc absolute methyl

alcohol acidulated by the addition of 1

to 5 drops of concentrated, chemically

pure hydrochloric acid.

Transmission : By root grafting, except

by root-bark patch grafts, which arc inef-

fective. Budding and grafting with parts

of stem fail to transmit this virus.

Thermal inactivation : At 48® C in about

40 minutes in roots.

Literature: Hutchins, Georgia State

Kntomol. Bull., 78, 1933; Phytopalh., £9,

1939, 12 (Abet.); Hutchins and Hue,
ibid., £9, 1939, 12 (Abst.).

4. Nanus holodlsci H. {loc. cit,, 127).

From New Latin Holodiscus, generic

name of ocean spray.

Common name : Ocean-spray witches

broom virus.

Host: ROSACEAE'-Holodiscus dis-

color Max., ocean spray.

Geographical distribution : United

States (Oregon and Washington).

Induced disease : In ocean-spray, dis-

eased branches form clusters of thin wiry

shoots with abnormally short internodes

and crowded small leaves. Laterals num-
erous and more than normally branched.

Bronzy red color acquired early by af-

fected foliage.

Transmission: By aphid, Aphis spir~

aeae Schout. {APHIDIDAE). By
grafting. Not demonstrated by inocula-

tion of expressed juice.

Literature: Zeller, Phytopath., £1,

1931, 923-925.

5. Nanus fragariae H. (Holmes, loc.

cit., 128; Blastogenus fragariae McKin-
ney, Jour. Washington Acad. Science, 54,

1944, 151.) From New Latin Fragaria,

generic name of strawberry.

Common name: Strawberry witches*-

broom virus.

Host : ROSACEAE—Fragaria chiloen-

sis Duch. var. ananassa Bailey, culti-

vated strawberry.

Geographical distribution: United

States (western Oregon).

Induced disease : In strawberry, leaves

numerous, light in color, with spindly

petioles, margins of leaflets bent down,

runners shortened, plants dwarfed ; flower

stalks spindly and unfruitful
;
root sys-

tems normal and well develoj^ed.

Transmission : By aphis, Myzus fragae-

folii Ckll. {APHIDIDAE). Not dem-
onstrated by inoculation of expressed

juice.

Literature: Zeller, Phytopath., 17,

1927, 329-335.

6. Nanus cupulifonuans Zeller and
Weaver. (Phytopath., 51, 1941, 851.)

From diminutive of Latin cupa, tub, and
participal from Latin formare, to form.
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Common name : Strawberry-stunt

virus.

Host: ROSACEAE—Fragaria chiloen-

sis Duch. var. ananassa Bailey, culti-

vated strawberry.

Geographical distribution : United

States (Oregon, Washington).

Induced disease : In strawberry, little

if any reduction in chlorophyll, plants

erect but short; leaves at first folded,

later open, dull in lustre, with papery

rattle when brushed by hand, leaflets

cupped or with margins turned down,
midveins tortuous ; petioles ) to }

normal length; fruits small, usually hard

and seedy ; roots normal in appearance.

Transmission : By strawberry-leaf

aphid, Capiiophorns fragaefolii (APMI-
DIDAE), By grafting. Not by inocu-

lation of expressed juice.

7. Nanus pruni H. {loc. cil., 128).

From New Latin PrunuSf generic name
of prune, from Latin prunus, plum tree.

Common name : Prune-dwarf virus.

Hosts: ROSACEAE—Prunus domes-

tica L., prune and plum; var. insititia

Bailey, the Damson plum, remains symp-
tomless. Experimentally, also Prunus
persica (L.) Batsch, peach.

Insusceptible species: ROSACEAE—
Prunus avium L., cherry.

Geographical distribution : United

States (New York)
;
Canada (British

Columbia, Ontario).

Induced disease : In prune, leaves

small, narrow, rugose, distorted, glazed.

Internodes short. Some branches escape

and appear normal. Blossoms numerous,

mature fruits few. Pistils aborted, pet-

als narrow and distorted. In Damson
and Bradshaw plums, no obvious mani-

festations of disease as a result of infec-

tion.

Transmission : By budding and other

forms of grafting. Not demonstrated by

inoculation of expressed j uice . No insect

vector is known.

Literature : Berkeley, Canada, Domin.

Dept. Agr., Div. of Bot. and Plant Path.,

Science Service, Publ. 679, 1941 ; Hilde-

brand, Phytopath., 92, 1942, 741-751;

Thomas and Hildebrand, Phytopath.,

26, 1936, 1145-1148.

8. Nanus sacchari H. (loc. cit,, 129).

From New Latin Saccharum, generic

name of sugar cane, from Latin saccharum,

sugar.

Common name : Sugar-cane sereh-

disease virus.

Host : QRAMINEAE—Saccharum offi-

cinarum L., sugar cane.

Geographical distribution : Java,

Borneo, Sumatra, Moluccas, India, Mau-
ritius, Australia, Fiji, Formosa, Hawaii,

Ceylon.

Induced disease : In sugar cane (Cheri-

bon variety), plant dwarfed, shoots

stunted, vascular bundles colored by the

presence of a red gum; adventitious roots

from many or all nodes.

Transmission: Not by inoculation of

expressed juice. No insect vector is

known.

Thermal inactivation : In cuttings of

sugar cane, at 52^ C in 30 minutes to 1

hour. Infected cane cuttings survive the

heat treatment required for cure through

inactivation of the causative virus.

Literature : Houtman, Arch. Suikerind.

Nederland. -IndiS, 53, 1925, 631-642;

Lyon, Bull. Exp. Sta. Hawaiian Sugar

Planters* Assoc., Bot. Ser., 3, 1921, 1-43;

Wilbrink, Arch. Suikerind. Nederland.

-

Indie, 51, 1923, 1-15.

Genus V, Rlmocortius Milbrath and Zeller,

(Phytopath., 52, 1942, 430.)

Viruses of the Rough-Bark Group, inducing diseases principally affecting bark, less

often wood, leaves, or fruit. Generic name from Latin tima, cleft or fissure, and
eofUx, bark.

The type species is Rimocoriius kwanzani Milbrath and Zeller.
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(Note: The genus Ciirivir (first named species, Citrivir psoroais Fawcett, Phyto-

path., SI, 1941, 357) was proposed by its author as a genua pro tempore with the avowed
purpose of accommodating viruses causing diseases in species of the plant -host genus

Ciirua. It appears to have been implied by the term genua pro tempore that evidences

of natural relationship, when discovered, would permit even the first-named species

of this genus to be assigned elsewhere. On the assumption that a permanent genus is

nothing more than a type apeciea and such other species su9 may be added to it by one

or another author, it must be felt that a genua pro tempore, however convenient as an
expedient, cannot become a permanent genus under any circumstances, because its

first-named species would appear not to be a permanent part of the genus and so

intended not to be a true type-species. Without a type species there would seem to

be no permanent genus concept.

The system by which the term Citrivir was coined (explained by its author as use of

the genitive of the host-genus name, Citris, plus vir, signifying virus) seems in itself

acceptable, for it is commonly agreed that a generic name may be made in an arbitrary

manner. It may be noted that use of the stem of the host -genus name {Citr-) with

connecting vowel i and suffix -vir, possibly a more orthodox procedure, would have

given the same result in the present instance. The original definition of the term
Citrivir might be thought to be repugnant as disregarding concepts of natural inter-

specific relationships that are essential to the spirit of binomial nomenclature. Were
the genus to be regarded as permanent rather than pro tempore, however, the scope of

the genus would come to be wholly changed by usage, when, with passage of time

related species would be added to w hat in this case w^ould be a type species, without

regard to the unorthodox intent of the original definition but solely in accordance with

similarities betw-een viruses. A generic concept need never be accepted as rigidly

defined, whether initially, as has been attempted in this case, or upon further experi-

ence, because a genus may still grow by the addition of closely allied new' species

beyond any limit that may be set. On this account an original, or any subsequent,

definition may be regarded as subject to unlimited change so long as the type species

is logically retained. The form and definition of the term Citrivir W'ould not, there-

fore, militate against its continued use. Its avow'edly temporary status alone seems

decisively to do so.

The originally monotypic genus Rirnocortius, published in the following year, was
defined only by the combined generic and specific description, and was not referred to a

family by its authors. The type, because at first the only species, Rimocortius kwan-

zani, is the flowering-cherry rough-bark virus. This type species might well be asso-

ciated with the species Ciirivir psorosia, citrus-psorosis virus, discussed above,

both affecting bark principally, though foliage also to some extent. Although the

genus Citrivir was named in 1941 and Rimocortius not until 1942, the first was intended

as a temporar}’' assemblage only, as above indicated. It would seem appropriate, there-

fore, to include the virus that was know'n temporarily as Citrivir psorosia in the per-

manent genus Rimocortius Milbrath and Zeller and to assign this genus to the family

Afarmoraceoe.)

I.

II.

Key to the species of the genus Rimocortius.

Affecting cherry.

Affecting Citrus.

1. Rimocortius kwamani.

2. Rimocortius psorosis.

III. Affecting pear.

3. Rimocortius pyri.
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1. Rlmocortlus kwanzani Milbrath and
Zeller. (Phytopath., 1942, 430.)

Prom Kwanzan, name of a variety of

lowering cherry.

Common name : Flowering-cherry

rough-bark virus.

Hosts: Prunus serrulaia Lindl. var.

Kwanzan, flowering cherry; P. avium L.,

Mazzard cherry.

Geographical distribution : United

States (Oregon).

Induced disease : In flowering cherry,

tree dwarfed, deflcient in lateral

branches; bark deep brown, roughened,

splitting longitudinally
;
internodes short-

ened, bunching leaves; leaves arched

downward; midribs of leaves split and
eracked on under surface. In Mazzard
cherry, no manifestation of disease, but

carrier condition; budded Mazzard stock

may transmit disease to healthy Kwanzan
cherry cions.

Transmission: By budding, generally

even if the inserted bud fails to survive.

Literature : Milbrath and Zeller, Phy-

topath., 1942, 428-430; Thomas, ibid,,

Sg, 1942, 435-436.

2. Rlmocortlus psorosls (Fawcett)

comb. nov. (Citrivir psorosis Fawcett,

Phytopath., SI, 1941, 357.) Specific

name meaning ‘*of the disease known as

psorosis.”

Common name: Citrus-psorosis virus.

Hosts: RUTACEAE—Citrus sinensis

Osbeck, orange; C. limonia Osbeck,

lemon; C. maxima Merr., grapefruit.

Geographical distribution : World-wide

where citrus trees are grown.

Induced disease : In citrus, small,

elongated, light colored areas or flecks in

the region of small veins on young, tender

foliage; leaves sometimes warped; (chlo-

rotic?) clearing of veins, and chlorotic

line patterns, sometimes concentric.

Outer layers of bark scale away
;
depres-

sions and deformities appear in bark and
wood. Lemons, as a rule, are more tol-

erant than oranges and are not subject

to the bark changes.

Transmission: By grafting, including

root grafting and patch bark grafting.

Not by inoculation of expressed juice.

No insect vector is known.

Literature: Bitancourt et al., Phyto-

path., SS, 1943, 865-883; Fawcett, ibid.,

1934, 659-668; Science, 9g, 1940, 559-

561; Phytopath., SI, 1941, 356-357; Faw-
cett and Bitancourt, ibid., SS, 1943, 837-

864; Rhoads, ibid., SS, 1942, 410-413;

Webber and Fawcett, Hilgardia, 9, 1935,

71-109.

Strains: Three strains differing from

the type have been recognized. The
tyi>e, var. vulgarc Fawcett, Phytopath.,

SI, 1941, 357, causes psorosis A, the com-

mon Bcaly-bark type of disease, with

pustular eruptions of outer layers of bark

in limited areas, with or without exuda-

tion of gum
;
later a drab-gray, cinnamon-

drab to rufus discoloration of the wood,

accompanied by decline of the affected

tree. Others, that contrast with the

type, are

:

2a. Rimocortius psorosis var. anulatum
Fawcett. (Phytopath., SI, 1941, 357.)

From Latin anulaius, with a ring. Caus-

ing psorosis B, known from California,

resembling zonate chlorosis of Brazil in

effects on leaves and fruits. Psorosis B
is characterized by rapid scaling of outer

bark in continuous areas, progressing

rapidly along one side of trunk or branch

;

gum exudes in advance of scaling, necrosis

follows
;

large circular discolored and
corky spots, sometimes concentric, on
fruits and mature leaves

;
on some fruits,

circular or semi-circular furrows and
bumps

;
rapid decline of the affected tree.

2b. Rimocortius psorosis var. concavum

Fawcett and Bitancourt. (Phytopath.,

SS, 1943, 850.) From I.atin concavus,

concave. Causing concave-gum psorosis,

characterized by concavities of various

sizes on trunks and larger limbs of af-

fected trees, often by zonate patterns on
young leaves during periods of rapid

growth.
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2c. Rimocortius psorosiB var. alveatum

Fawcett and Bitancourt. (Phytopath.,

SS, 1943, 854.) From Latin alveaiuB^ hol-

lowed out like a trough. Causing blind-

pocket psorosis, cliaracterized by trough-

like pockets in bark and wood or by erup-

tive lesions.

3. Rimocortius pyrl (Holmes) comb,

nov. {Marmor pyri Holmes, Handb.
Phytopath. Viruses, 1939, 76.) From
New Latin Pyrus, generic name of pear,

from Latin piri/a, pear tree.

Common name: Pear stony -pit virus.

Host: ROSACEAE—Pyrus communis

L., pear.

Geographical distribution : United

States (Oregon, Washington, Califor-

nia).

Induced disease : In pear, fruit deeply

pitted and deformed
;
bark cracked and

resembling oak bark
;
veinlet chlorosis of

some leaves, failure of lateral buds to

grow, reduction of foliage. Bartlett and
Comice varieties of pear appear to be

tolerant, producing sound fruit from

infected trees.

Transmission: By budding. Not by
inoculation of expressed juice. No insect

vector is known.

Literature: Kienholz, Phytopath., £5,

1939, 26a>-267; 50, 1940, 787 (Abst.).

Genus VI, Adelonosus Brierley and Smith.

(Phytopath., 54, 1944, 551.)

Viruses capable of multiplying in living plants but producing no recognizable symp
toms in these except on interaction with distinct viruses with which they form com-
plexes. Transmitted by aphids, by sap, or by both means. Generic name from Greek

adeloSf invisible, and nosos, disease. Only one species is recognized thus far; this is

the type species, Adelonosus lilii Brierley and Smith.

1. Adelonosus lllil Brierley and Smith.

(Phytopath., 54, 1944, 551.) From Latin

lilium^ lil3^

Common name : Lily-symptomless

virus.

Host: LILIACEAE—Lilium longi-

florum Thunb., Easter lily.

Insusceptible species: All other tested

lilies and many related plants in the same

and other families (for list, see Phyto-

path., 54, 1944, 549).

Geographical distribution: United

States, Japan; probably coextensive with

commercial culture of Easter lily.

Induced disease: In h^ter lily, no

obvious manifestation of disease when

this virus is present alone ;
when together

with cucumber-mosaic virus, however,

the lily-symptomless virus is a deter-

mining factor in the production of ne-

crotic-fleck disease
;
the lily-symptomless

virus is so widely distributed in sup-

posedly healthy stocks of the Easter lily

that cueumber-mosaic virus formerly

w’as thought to be the sole determining

factor in necrotic flecking, now" recognized

to be caused by the virus complex lily-

symptomless virus (Adelonosus lilii) plus

cucumber-mosaic virus (Marmor cucu-

meris); the complex acts independently

of the presence or absence of lily latent-

mosaic virus (Marmor mitc)^ which is

often present with the essential members

of the complex in flecked Eiister lilies.

Transmission : By inoculation of ex-

pressed juice, with some difficulty. By

aphid. Aphis gossypii Glov., cotton

aphid (APHIDIDAE); preinfective

period after obtaining virus, 4 to 6 days.
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FAMILY III. ANNULACEAE HOLMES.

(Handb. Phytopath. Viruses, 1939, 97.)

Viruses of the Ringspot Group, causing diseases usually characterized by necrotic

or chlorotic spotting with concentric -ring lesions and eventual recovery from obvious

disease with non-sterile immunity. Hosts, higher plants; vectors unknown. There

is a single genus.

Qenus /. Annulus Holmes.

(Loc. cit.t 97.)

Characters those of the family. Generic name from Latin annulus, a ring.

The type species is Annulus tabaci Holmes.

Key to the species of genus Annulus.

I. Found occurring naturally in the Western Hemisphere.

A. In tobacco.

B. In potato.

C. In delphinium.

II, Old World species.

1. Annulus tabaci Holmes. (Handb.

Phytopath, Viruses, 1939, 98; Mamwr
anularhim McKinney, Jour. Washington

Acad. Sci., SJf, 1944, 327.) From New
Latin Tabacum, early generic name for

tobacco.

Common names: Tobacco-ringspot vi-

rus, green ringspot virus, yellow ringspot

virus, ring spot No. 1 virus.

Hosts: SOLANACEAE—Nicotiana

tabacum L., Petunia violacea Lindl.,

Solanum tuberosum L. CUCURBITA-
CEAE—Cxicumis sativus L. Experimen-

tally this virus has been found capable of

infecting many species of plants in a large

number of families; these 'include all

tested species of the SOLANACEAE,
SCROPHULARIACEAE, COMPOSI-
TAE, and CUCURBITACEAE.
Many species of the LEOUMINOSAE
are susceptible and one, Vigna sinensis

(L.) Endl., is used as an indicator plant

for quantitative measurement because

it displays conspicuous reddish-brown

necrotic lesions around points of initial

infection.

1. Annulus tabaci.

2. Annulus zonatus.

3. Annulus orae.

4. Annulus apertus.

5. Annulus dubius.

6. Annulus delphinii.

7. Annulus bergerac.

Geographical distribution: United

States.

Induced disease : In tobacco, necrotic

ring-like primary lesions, followed by
secondary necrotic rings on younger

leaves. Subsequently, affected plants

recover. After recovery from obvious

disease, virus content of plants is only 10

to 20 per cent of that of recently infected

plants. Some varieties may show

mosaic-like patterns in young leaves

at 16"C.

Transmission : By inoculation of ex-

dressed juices. Through about 20 per

cent of seeds from diseased petunia

plants. Not by dodder, Cuscuta campes-

iris Yunckcr (CON VOLVULACEAE).
Serological relationships: Induces the

formation of specific precipitating anti-

bodies when injected into bloodstream of

rabbit.

Immunological relationships : Recov-

ered tobacco plants are not susceptible to

reinfection with this virus but are readily

infected with Annulus zonatus or A. eras.

This virus produces primary lesions on
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leaves of plants immune to reinfection

with A, hergerac.

Thermal inactivation : At 68® C in 10

minutes.

Filterability : Passes V, N, and perhaps

W Berkefeld filters.

Other properties : Particle size esti-

mated by filtration experiments as about

19 millimicrons. Sedimentation con-

stant, S20
" « 115 X ICT'* cm. 6ec.“"*

dyne~'. Infective in dilutions of 10“’

after purification. Inactivated in 1 hour

below pH 3 or aliove pH 10.8. Recovered

plants of tobacco contain 0.002 mg of

virus per gram, recently infected plants

about 6 times as much. Optimum con-

ditions for retaining infcctivity of stored

virus include suspension in 0.01 M phos-

phate buffer at pH 7 and storage at 4® C.

Literature: Fenne, Phytopath., 21,

1931, 891-899; Fromme et al., ibid., 17,

1927, 321-328; Henderson, ibid,, 21, 1931,

225-229; Henderson and Wingard, Jour.

Agr. Res., J^S, 1931, 191-207; Price, Con-

trib. Boyce Thompson Inst., J^, 1932,

359-403; Phytopath., 26, 1936, 503-529;

Am. Jour. Bot., 27, 1940, 530-541
;
Am.

Naturalist, 74, 1940, 117-128; Priode, Am.
Jour. Bot., 16, 1928, 88-93; Stanley, Jour.

Biol. Chem., 129, 1939, 405-428, 429-436;

Stanley and Wyckoff, Science, 86, 1937,

181-183; Valleau, Kentucky Agr. Exp.

Sta., Bull. 327, 1932; Wingard, Jour. Agr.

Res., S7, 1928, 127-153; Woods, Contrib.

Boyce Thompson Inst., 6, 1933, 419-434.

Strains: A numlxjr of distinctive

strains have been collected in nature and

studied experimentally. The following

have been given varietal names to dis-

tinguish them from the type, var. eir-

giniensis H., loc. cit., 98:

la. Annulus tabaci var. keniuckiensis

H. {loc, cii., 99). Differing from the

typical strain in producing less necrosis

and less stunting in tobacco. (Price,

Phytopath., 26, 1936, 665-675; Valleau,

Kentucky Agr. Exp. Sta., Bull. 327,

1932

.

)

lb. Annulus tabaci var. auratus H.
(foe. ciL, 100). Secondary lesions in

tobacco at first yellow spots or rings, be-

coming necrotic subsequently. Recov-

ery less complete than with type, abnor-

mal yellowing of old leaves tending to

I)er8iBt. (Chester, Phytopath., 26, 1935,

686-701; Price, Phytopath., 26, 1936,

665-675; Valleau, Kentucky Agr. Exp.
Sta., Bull. 327, 1932; Phytopath., 29,

1939, 549-551.)

2. Annulus zonatus H. {loc. ciL, 101).

From Latin zonatus, zonate.

Common names : Tomato-ringspot vi-

rus, ring spot No. 2 virus.

Hosts : SOLANACEAE—Kicotiana

iabacurn L., tobacco. Experimentally

this virus has been found to infect many
species of plants in a large number of

families.

Geographical distribution : United

States.

Induced disease : In tobacco, zonate

necrotic primary lesions and, temporarily,

secondary lesions of the same type

;

recovery with specific, non-sterile im-

munity. In tomato, systemic infection,

yellow’ish-green or necrotic ring-like le-

sions ;
stunting.

Transmission: By inoculation of ex-

pressed juice.

Immunological relationships : Recov-

ered plants are immune to reinfection but

are still susceptible to Annulus tabaci, A.
bergerac, and several mosaic -type viruses

that have been tested.

Thermal inactivation: At 55 to 60® C
in 10 minutes.

Filterability : Passes Gradocol mem-
brane 1(X) millimicrons in average pore

diameter. Particle size estimated as 50

millimicrons or less.

Literature : Price, Phytopath., 26, 1936

665-675; Am. Jour. Bot., 27, 1940, 530^1.

3. Annulus orae H. (Holmes, loc.cit.,

103; Tractus orae Valleau, Phytopath.,

SO, 1940, 826.) From Ddin ora, edge, in

reference to occurrence of induced dis-

ease near edge of tobacco fields.

Common name : Tobacco-streak virus.

Hosts : SOLANACEAE—Nicotiana

tabacum L., to^cco. Experimentally, a
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number of other solanaceous plants have

been reported as susceptible, but not

Capsicum frutescens L., pepper; Lyco-

persicon esculentum Mill., tomato; So-

lanum melongena L., eggplant; or S.

tuberosum L., potato.

Geographical distribution : United
States.

Induced disease : In tobacco, local and
systemic necrosis in 3 days, with

irregular spot, line, and ring-like lesions,

followed by recovery from necrotic mani-

festations of disease. Recovered leaves

may show a mild mottling and regularly

contain virus; reinoculation does not

induce formation of necrotic lesions in

them.

Transmission: By inoculation of ex-

pressed juice. Not through seeds from

diseased plants.

Immunological relationships : No cross-

protection with respect to A. (abaci, and
several viruses of the mosaic group.

Thermal inactivation: At 53® C in 10

minutes.

Literature : Johnson, Phytopath., 26,

1936, 285-292; Trans. Wisconsin Acad.

Sciences, Arts and Letters, SO, 1937,

27-34.

4. Annulus apertus spec, nov. From
Latin apertus, frank.

Common name: Broad-ringspot virus.

Hosts : SOLANACEAE—Nicotiana

iabacum L., tobacco. Experimentally

also to many species in this and other

families.

Insusceptible species : CHENOPODI-
ACEAE—Beta vulgaris L. C UCURBI-
TACEAE—Citrullus vulgaris Schrad.

LEGUMJNOSAE—Medicago saliva L.,

Melilotus alba Dear.

Geographical distribution : United

States (Wisconsin).

Induced disease : In tobacco, indistinct

yellow-spot primary lesions, becoming

chlorotic or necrotic rings with concen-

tric markings ; small chlorotic rings,

sometimes concentric, or fine brown ne-

crotic rings as secondary lesions
; young

leaves puckered at first, somewhat mal-

formed.

Transmission: By inoculation of ex-

pressed juice.

Immunological relationships: Protects

against reinfection with homologous virus

but leaves host susceptible to infection

by Annulus tabaci, A, zonatus, and some
mosaic-type viruses.

Literature : Johnson and Fulton, Phy-

topath., S2, 1942, 605-612.

5. Annulus dublus (Holmes) comb.nov.

(Marmor dubium H., loc, cit., 42.) From
Latin dubius, uncertain, in reference to

a common name, potato virus X, often

used to designate this virus.

Cbmmon name : Potato-mottle virus

(strains of this virus have been studied at

various times under the names potato

latent virus, potato virus X, potato-

anecrosis virus, virulent latent virus,

simple mosaic virus, healthy potato virus,

Hyoscyamus IV virus, President streak

virus, potato foliar-necrosis virus, potato

acronccrotic streak virus, Up*to-Datc

streak virus, fwtato viruses B and D,
Solauum viruses 1, 4, and 6.)

Hosts: SOLANACEAE—Solanum tu^

berosnm L., potato; Lycopersicon esculen-

tum Mill., tomato. Experimentally, also

SOLA NACEAE—Capsicum frutescens

L., pepper; Datura stramonium L., Jim-

son weed ;
Hyoscyamus niger L., henbane

;

Nicotiana iabacum L., tobacco; Physalis

alkekengi L.
;
Solanum dulcamara L., bit-

tersweet; S. nigrum L., black nightshade.

AMARANTHACEAE—Amaranthus
retroflexus L. COMPOSITAE—Chrysan-

themum morifolium Ram. SCROPHU-
LARIACEAE— Veronica sp., common
speedwell.

Geographical distribution : Widespread

throughout the world
;

present in all

known stocks of tubers of some potato

varieties in the United States.

Induced disease : In potato, usually no
chlorotic mottling, sometimes a little;

intracellular inclusions of the vacuolated,

granular type; some varieties that are

virtually immune in the field owe their

tendency to localize the virus in necrotic

primary lesions or in top-necrosis of first

systemically infected plants to a dom-
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iaant allele of a gene nor, which charac-

terizes plants showing a mosaic of some
degree of intensity on infection with this

virus ; the variety known as S41956 is im-

mune to all tested strains of the virus and
possesses two dominant genes both re-

quired for resistance. In tomato, sys-

temic mild chlorotic mottling
;
if a strain

of tobacco-mosaic virus is also present,

a severe systemic necrosis, known as

double-virus streak, is induced.

Transmission: By inoculation of ex-

pressed juice. Experimentally, by leaf

contacts mainly under the influence of

wind. No insect vector is known. Not
transmitted through true seeds of the

potato.

Serological relationships : Cross precip-

itin reactions between constituent strains

of this virus. No cross reaction with

potato aucuba-mosaic, potato mild-mo-

saic, potato-veinbanding, tobacco-mo-

saic, tobacco-etch, tobacco-ringspot or

pea-mosaic virus. Antisera prepared by
injecting rabbits intravenously with virus

inactivated by nitrous acid, like those

prepared with active virus, fix comple-

ment and flocculate with virus suspen-

sions (though not with juice of healthy

host plants); they are also effective in

neutralizing the virus.

Immunological relationships: Tobacco

and Datura plants infected by the type

strain of this virus become immune to the

more severe potato-ringspot strain. No
protection against the severe strain is af-

forded by previous infection with to-

bacco-mosaic, tobacco-ringsp>ot, tomato

spotted-wilt, or cucumber-mosaic virus.

Thermal inactivation : At 70° C. in 10

minutes.

Filterability : Passes Pasteur-Cham-

berland Li, L|, and Li filters.

Other properties : Digested by 0.02 per

cent solution of pepsin in 3 hours at pH
4

, at 38® C. Digested also by trypsin.

Inactivated by papaine and cyanide, but

by neither separately. Isoelectric point

near pH 4. Dilute solutions show anisot-

ropy of flow. Concentrated solutions

are spontaneously birefringent. Proper-

ties of the type strain have been less

studied than those of the potato-ring-

spot strain of this virus.

Literature : Bawden, Proc. Roy. Soc.

London, Ser. B, 116, 1934, 375-395; Baw-
den and Pirie, Brit. Jour. Exp. Path., 17,

1936, 64-74
;
Bawden et al., ibid,, 17, 1936,

204-207; Blodgett, Phytopath., 17, 1927,

775-782; Bohme, Phytopath. Ztschr., 6,

1933, 517-524; Cadman, Jour. Genetics,

1942, 33-52; Chester, Phytopath., 27,

1937, 903-912; Clinch, Sci. Proc. Roy.
Dublin Soc., 23, 1942, 18-34; Johnson,

Wisconsin Agr. Exp. Sta., Res. Bull. 63,

1925; Koch, Phytopath., 23, 1933, 319-

342; Kohler, Phytopath. Ztschr., 5, 1933,

567-591; 7, 1934, 1-30; Loughnane and
Murphy, Nature, HI, 1938, 120; van der

Meer, Cent. f. Bakt., II Abt., 87, 1932,

240-262; Salaman, Nature, 131, 1933, 468;

Schultz et al., Ph5’^topath., 27, 1937, 190-

197
; 30, 1940, 944-951

;
Spooner and Baw-

den, Brit. Jour Exp. Path., 16, 1935,

218-230; Stevenson et al., Phytopath.,

29, 1939, 362-365.

Strains: Several variants of potato

-

mottle virus, differing from the type, var.

vulgaris H. (Joe. cit., 42), have been recog-

nized as distinctive varieties under the

following names

:

5a. Annulus dubius var. annulus H.
(loc. cit., 44). From Latin annulus, ring.

CJommon name : Ringspot strain of

potato-mottle virus. Necrotic primary

and secondary ring-like lesions in experi-

mentally infected tobacco plants. Indis-

tinguishable from type strain by ordinary

precipitin test, but distinguishable when
appropriately absorbed sera are used.

This strain has been more frequently

studied than the type. Juice of infected

tobacco plants contains about 0.02 to

0.10 mg of virus per ml. Sedimentation

constants, Sw* ** 113 X 10“^® and 131 X
10“^» cm. sec.”' dyne**'. Dissymmetry
constant 2.78. Molecular weight 26 X
10*. Particle size estimated to be 433

by 9.8 millimicrons, 43.9 times as long as

wide. Isoelectric point near pH 4.

Stable between pH 4 and pH 9.5, Con-

centrated solutions are spontaneously

birefringent. Dilute solutions show
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anisotropy of flow. Destroyed by drying.

Inactivated by papaine and cyanide, but

by neither separately. Digested by 0.02

per cent solution of pepsin in 3 hours at

pH 4, at 38® C. Digested also by trypsin.

About 6 per cent of the purified virus is

reported to be a pentose nucleic acid, but

the carbohydrate to phosphorus ratio is

about twice that for yeast nucleic acid.

Guanine and pentose present. Analysis

of sedimented virus, carbon 47.7 to 49.5

per cent, hydrogen 6.8 to 7.7 per cent,

nitrogen 14.6 to 17.0 per cent, phosphorus

0.4 to 0.7 per cent, sulfur 1.1 per cent,

carbohydrate 2.5 to 4.3 per cent, ash 2.0

to 2.5 per cent. Reduction of carbo-

hydrate content of sample to 2.5 per cent

does not reduce activity of virus ; further

reduction inactivates. (Ainsworth,

Ann. Appl. Biol., 21, 1934, 581-587;

Bawden, Brit. Jour. Exp. Path., 16, 1935,

435-443; Bawden and Pirie, ibid,, 19,

1938, 60-82; Birkeland, Bot. Gaz., 96,

1934, 419-436; Chester, Phytopath., 26,

1936, 778-785; Johnson, Wisconsin Agr,

Exp. Sta., Res. Bull. 76, 1927; Loring,

Jour. Biol. Chem., 126, 1938, 455-478;

Loring and W’yckoff, ibid,, 121, 1937,

225-230.)

5b. Annulus dubius var. flams H. (loc,

ciU, 46). h'rom Latin flatus, yellow.

Common name: Yellow-mottle strain

of potato-mottle virus. Differing from

the type by imparting a yellow cast to

foliage of infected potatoes. (Putnam,

Canad. Jour. Res., ^c. C, 16, 1937, 87-

107.)

5c. Annulus dubius var. obscurus H.
{loc, cit., 46). From Latin o6«curus, ob-

scure. Common name : Masked-mottle

strain of potato-mottle virus. Differing

from the type by systemically infecting

potato, tobacco, and Jimson weed with-

out symptoms under ordinary experi-

mental conditions; in pepper, however,

systemic necrosis is induced, as by all

known strains. (Chester, Phytopath.,

26, 1936, 778-785.)

6. Annulus delphinil spec, not. From
New Latin Delphinium, generic name of

host.

Common names: Delphinium-ringspot

virus, perennial-delphinium ringspot

virus.

Hosts : RA N UNCULACEAE-^DeU
phinium sp., perennial delphiniums.

Experimentally, also to CIIENOPODD
ACEAE—Beta vulgaris L. CUCUR-
BITACEAE—Cucumis sativus L., cu-

cumber. MALVACEAE — Gossypium

hirsutum L. RAN UNC ULACEAE--
Ranunculus asiaiicus L. (symptomless

carrier). SOLANACEAE—Datura

stramonium L., Nicotiana alata Link and
Otto, N, glutinosa L., N, rustica L,, N,
tabacum L., Petunia hybrida Vilm.

Geographical distribution : United

States (California).

Induced disease : In perennial del-

phiniums, faint chlorotic rings with

green or yellow centers on young leaves

;

irregular chlorotic spots, yellow bands,

or irregular chlorotic rings on mature

leaves.

Transmission: By inoculation of ex-

pressed juice in the presence of finely

powdered carborundum.

Thermal inactivation: At 05° C in 10

minutes.

Literature : Severin and Dickson, Hil-

gardia, 14, 1942, 465^90.

7. Annulus bergerac II. (loc, cit,, 102).

From Bergerac, a town in southwest

France.

Common name: Bergerac -ringspot

virus.

Hosts : SOLANACEAE— Nicotiana

tabacum L., tobacco. Experimentally,

this virus has been transferred to several

other solanaceous plants and to Phaseolus

vulgaris L., bean, in the family LEOUM-
INOSAE.
Geographical distribution : France.

Induced disease: In tobacco, thin

necrotic-ring primary lesions, followed by



FAMILY ANNTJLACEAE 1217

systemic mottling with some chlorotic

rings on the dark green islands. Later,

complete recovery occurs, with non-

sterile immunity.

Transmission: By inoculation of ex-

pressed juice.

Immunological relationships : Recov-

ered plants are susceptible to infection

by Annulus tabaci and A. zonatus,-

Thermal inactivation: At 80° C in 10

minutes.

Literature : Smith, A textbook of plant

virus diseases, P. Blakiston’s Son and
Co., Inc., Philadelphia, 1937, 285-289.
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FAMILY IV. RUGACEAE HOLMES.

(Handb. Phytopath. Viruses, 1939, 114)

Viruses of the Leaf-Curl Group, causing diseases characterized by suddenly arrested

development of invaded tissues, resulting in leaf curl, enations, and other deformities.

Vectors, typically white-flies (ALEYRODIDAE). There is a single genus.

Genu8 L Ruga Holmes.

(Loc. cit., 114.)

Characters those of the family. Generic name from Latin ruga^ a wrinkle.

The type species is Ruga (abaci Holmes.

Key to the species of genus Ruga.

I. Infecting tobacco.

II. Infecting cotton.

III. Infecting cassava (MantAoO*

IV. Infecting sugar-beet.

1.

Ruga tabacl Holmes. (Handb. Phy-
topath. Viruses, 1939, 115.) From New
Latin Tahacum^ former generic name of

tobacco.

Common names: Tobacco leaf-curl

virus, kroepoek virus, curl-disease virus,

crinkle -disease virus.

Hosts : SOLA NACEAE— Nicotiana

tabacum L., tobacco. COMPOSITAE—
Vernonia iodocalyx, V. cineria, Ageratum

conyzoides L.
,
Synedrella nodiflora Gaertn

.

Experimentally, also other solanaceous

plants.

Insusceptible species; MALVACEAE
—Gossypium hirsuium L., cotton.

Geographical distribution .-Tanganyika,

Southern Rhodesia, Southern Nigeria,

Nyasaland, India, Sumatra, Formosa.

Induced disease: In tobacco, leaves

curled and crinkled, with occasional leafy

outgrowths or enations. Veins greened

and thickened. No chlorosis nor necro-

sis. Plant stunted.

Transmission: By white-fly, Bemisia

gossypiperda Misra and Lamba (ALEY-
RODIDAE), By grafting. Not by in-

oculation of expressed juice.

Literature: Kerling, Phytopath., fS,

1933, 176-190; Mathur, Indian Jour. Agr.

1. Ruga (abaci.

2. Ruga gossypii.

3. Ruga bemisiae.

4. Ruga verrucosans.

Sci., S, 1933, 89-96; Matsumoto and

Tateoko, Trans. Nat. Hist. Soc. Formosa,

SO, 1940, 31-33; Pal and Tandon, Indian

Jour. Agr. Sci., 7, 1937, 363-393; Pruthi

and Samuel, ibid., 7, 1937, 659-670;

Storey, Nature, les, 1931, 187-188; East

African Agr. Jour., 1, 1935, 148-153;

Thung, Meded. Proefsta. Vorstenl. Ta-

bak Java, 72, 1932; 78, 1934.

2. Ruga gossypii H. (loc. cit., 116).

From I.4itin gossypium, cotton.

Common names : Cotton leaf-curl virus,

cotton leaf-crinkle virus.

Hosts : MALVACEAE—Gossypium
hirsutum L., cotton

;
G. peruvianum Cav.

;

G. vitifolium Lam.; Hibiscus cannabinus

L.
;
//. esculentus L.

;
//. sabdariffa L.

;

Althaea rosea Cav., hollyhock; Sakel

(hybrid) cotton.

Geographical distribution: The Sudan
and Nigeria, in Africa.

Induced disease : In cotton, clearing of

veins, blistering and pale spotting of

leaves; leaves puckered at edge and un-

symmetrical. Internodes shortened,

producing bunchy growth.

Transmission: By white-fly, Bemisia

gossypiperda Misra and Lamlm (ALEY-
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RODIDAE), Not through egg of insect

vector. Not by inoculation of expressed

juice. Not through soil. Not through

seeds from diseased plants.

Literature : Bailey, Empire Cotton

Growing Rev., If, 1934, 280; Kirkpatrick,

Bull. Entom. Res., 21, 1930, 127-137; 22,

1931, 323-363.

3. Ruga bemisiae H. (Holmes, loc.

cit., 117; OchroBiicta bemisiae McKinney,
Jour. Washington Acad. Sci., S4t 1944,

149.) From New Latin Bemisia, generic

name of insect vector.

Common names : Cassava-mosaic virus,

cassava Kr&uselkrankheit virus.

Hosts: EUPHORBIACEAE—Marti-

hot utilissima Pohl, cassava; M. palmata

Muell.; M. dulcis.

Geographical distribution : Gold Coast,

Belgian Congo, French Cameroons, Rho-

desia, Liberia, Madagascar, probably

throughout Africa and adjacent islands;

Java.

Induced disease : In Manihot utilissimaf

leaves unsymmetrical, curled, distorted,

mottled
;

internodes shortened, plants

stunted. Axillary buds produce an extra

number of side branches.

Transmission: By white-flies {ALEY-
RODIDAE), Bemisia nigeriensis Corb.,

in Southern Nigeria, and B. gossypiperda

Misra and Lamba, in Belgian Congo and

Tanganyika. White-flies infect only

young leaves. Not by needle-puncture,

rubbing, or hy|X)dermic -needle injection

of juice expressed from diseased plants.

Literature : Dade, Yearbk. Dept. Agr.

Gold Coast, 1930, 245; Dufr6noy and

Hedin, Rev. Bot. Appl., 9, 1929, 361-365;

Golding, Trop. Agric., Trinidad, IS,

1936, 182-186
;
Kufferath and Ghesqui^re,

Compt. rend. Soc. Biol. Beige, 109, 1932,

1146; Lefevre, Bull. Agr. Congo Beige,

26, 1935, 442; McKinney, Jour. Agr. Res.,

S9, 1929, 557-578; Muller, Bull. Inst.

Plantenziekt., 24f 1931, 1-17; Pascalet,

Agron. Colon., 21, 1932, 117 ;
Staner, Bull.

Agr. Congo Beige, 22, 1931, 75; Storey,

East Afr. Jour., 2, 1936, 34-39
;
Storey and

Nichols, Ann. Appl. Biol., 26, 1938, 790-

806; Zimmermann, Pflanzer, 2, 1906, 145.

4. Ruga verrucosans Carsner and Ben-
nett. {ChlorogenuB eutetticola (in error

for eutettigicola, from New Latin Eutettix,

genus name of a vector, and Latin -cola,

dweller in or inhabitant of) Holmes, 1939,

loc. cit., 11 ; Carsner and Bennett, Science

98, 1943, 386.) From Latin, meaning:
causing rough swellings.

Common name : Sugar-beet curly-top

virus.

Hosts : Very wide range in many fami-

lies of dicotyledonous plants. Among
the horticulturally important host plants

are the sugar beet (Beta vulgaris L.,

CHENOPODIACEAE) -, bean (Phase-

olus vulgaris L., LEGUMINOSAE)

;

squash (Cucurbita species, CUCURBI-
TACEAE ) ;

and tomato (Lycopersicon

esculentum Mill., SOLANACEAE).
Geographical distribution : Western

North America
;
in Argentina a strain of

virus thought to belong here has been
reported but has not yet been fully de-

scribed.

Induced disease : In beet, clearing of

veins, leaf curling, sharp protuberances

from veins on lower surface of leaves,

increase in number of rootlets, phloem
degeneration followed by formation of

supernumerary sieve tubes, retardation

of growth. In tomato, (western yellow

blight or tomato yellows), phloem de-

generation followed by formation of su-

pernumerary sieve tubes, retardation of

growth, dropping of flowers and buds,

rolling, yellowingand thickeningof leaves,

root decay, usually followed by death,

sometimes by recovery. Occasionally

there is relapse after recovery. In cucur-

bitaceous plants, stunting, bending up-

ward of tip of runner, yellowing of old

leaves, abnormally deep green in tip

leaves and stem; Marblehead squash is

tolerant, showing only mild witches*

broom formation and phyllody. In bean,

infected when young, thickening and
downward curling of first trifoliate leaf,

which becomes brittle and will break

easily from the stem; leaves become
chlorotic, plant stops growing and usually

dies soon ; older plants are also suscepti-

ble to infection ; they may survive until
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the end of the season, showing puckering

and downward curling of leaves at the top

of the plant, reduction in size of new
leaves, and shortened internodes, or they

may gradually become chlorotic and die.

Transmission : By leafhopper, Euteitix

tenellm (Baker) {CICADELLIDAE)
with 4 to 12 hour preinfective period.

Through dodder, Ciiscuta campeatris

Yuncker {CONVOLVULACEAE). Not,

with any regularity at least, by mechani-

cal inoculation of expressed juice. Not
through seeds of diseased plants to seed-

lings germinating from them. The leaf-

hopper, Agalliana ensigera Oman (Cl-

CADELLIDAE), is said to transmit a

South American strain of sugar-beet

curly-top virus, but evidence for identity

of the virus has not yet been reported in

detail.

Thermal inactivation : At 75° to 80° C
in 10 minutes.

Filterability : Passes Berkefeld V, N,

and W, Mandler medium and One, and
Chamberland Li, L|, Li, L?, Lt, Ln and

Lii filters.

Other properties: Withstands alcohol

and acetone treatments. A pH of 2.9

or lower inactivates, but an alkaline reac-

tion as high as pH 9.1 does not inactivate,

in 2 hours. Virus active after at least 8

years in tissues of thoroughly dried young

sugar-beet plants, 6 months in dried leaf-

hoppers, and 10 months in dried phloem

exudate.

Strains : In general it has proved possi-

ble to modify strains by host passage,

some hosts like Chenopodium murale

L. appearing to select less virulent

strains, others like Stellaria media (L.)

Cyr. reversing this selection and restor-

ing virulence.

Literature: Bennett, Jour. Agr. Res.,

48, 1934, 665-701; 60, 1935, 211-241; 66,

1938, 31-52; Phytopath., Se, 1942, 826-

827; Carsner, Phytopath., 16, 1925,745-

757; U. S. Dept. Agr., Tech. Bull. 360,

1933; Jour. Agr. Res., S3, 1926, 34^348;

Dana, Phytopath., B8, 1938, 649-656;

Fawcett, Revista Industrial y Agricola

de Tucumin, 16, 1925, 39-46; Fife, Phyto-

path., SO, 1940, 433-437; Giddings, Phy-

topath., B7, 1937, 773-779 ;
Jour. Agr. Res.,

66, 1938, 883-894; Lackey, Jour. Agr.

Res., 66, 1937, 453-460; Lesley and

Wallace, Phytopath., S8, 1938, 548-553;

Murphy, ibid., SO, 1940, 779-784
; Severin,

Hilgardia, S, 1929, 595-636; Severin and

Freitag, ibid., 8, 1933, 1-48; Severin and

Henderson, Hilgardia, 5, 1928, 339-393;

Severin and Swezy, Phytopath., 18, 1928,

681-690; Shaw, U. S. Dept. Agr., Bull.

181, 1910.
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FAMILY V. SAVOIACEAE HOLMES.

(Handb. Phytopath. Viruses, 1939, 131.)

Viruses of the Savoy-Disease Group, causing diseases characterized mainly by
crinkling of foliage. Vectors, true bugs {PIESMIDAE and MIRIDAE). There
is a single genus.

Oenus 7. Savoia Holmes.

(Loc. cit., 131.)

Characters those of the family. Generic name from French chou de Savoie

^

cabbage

of Savoy, a cabbage with wrinkled and curled leaves.

The type species is Savoia beiae Holmes.

Key to the species

I. Infecting beet.

II. Infecting rape and rutabaga.

1. Savoia betae Holmes. (Handb.

Phytopath. Viruses, 1939, 132.) From
Latin bctOf beet.

Common names: Beet-Kr&uselkrank-

heit virus, sugar-beet leaf-curl virus,

sugar-beet leaf -crinkle virus, Kopfsalat

virus.

Host : CHENOPODIACEAE-^Beta
vulgaris L., beet.

Geographical distribution : Germany,

Poland.

Induced disease: In beet, veins of

leaves swollen, retarded in growth, caus-

ing crinkling. New leaves remain small

and incurved, forming a compact head.

Old leaves die; plant succumbs before

harvest time. Prepatent period in plant

,

3 to 9 weeks.

Transmission: By tingid bug, Piesma

quadrataYieh, {PIESMIDAE). Not by

inoculation of expressed juice.

Literature : Wille, Arb. Biol. Reich-

sanst. Land- u. Forstw., 16

^

1928, 115-167.

2. Savoia piesmae H. {loc. cii., 132).

From New Latin Piesma^ generic name
of insect vector.

Common name : Beet-savoy virus.

Host : CHENOPODIACEAE-Beta
vulgaris L., beet.

of genus Savoia.

1. Savoia betae.

2. Savoia piesmae.

3. Savoia napi.

Geographical distribution : United

States (Michigan, Ohio, Minnesota, Ne-
braska, South Dakota, Colorado, Wyom-
ing) and Canada.

Induced disease: In beet, leaves

dwarfed, curled down, small veins thick-

ened. Phloem necrosis in roots. Pro-

dromal period in plant, 3 to 4 weeks.

Transmission: By tingid bug, Piesma

cinerea {PIESMIDAE). Not by inocu-

lation of expressed juice.

Literature: Coons et al.. Phytopath.,

£7, 1937, 125 (Abst.); Hildebrand and

Koch, ibid., 3£, 1942, 32S-331.

3.

Savoia napi H. {loc. cit., 133).

From New Latin NapuSy former generic

name of rape, Brassica napus L.

Common name : Rape-savoy virus.

Hosts: CRUCIFERAE—Brassica na-

pus L., rape ;
B. napobrassica Mill., ruta-

baga.

Geographical distribution: Germany.
Induced disease : In rape, twisting and

crinkling of young leaves; premature

death of old leaves and of plants
;
in sur-

viving plants, inhibition of growth in

spring. In rutabaga, mottling and crink-

ling of leaves, with formation of fissures

at leaf edges. Plants rarely killed.
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Transmission: By inoculation of ex-

pressed juice. By the tarnished plant

bug, Lygus pratensiBLinn,{MlRIDAE),

The insect vector retains this virus dur-

ing intervals between crops.

Literature: Kaufmann, Arb. Biol.

Reichsanst. Land- u. Forstw., ff, 1936,

605-623; Mitteil. Landwirtsch., 57, 1936;

Pape, Deutsch. Landwirtsch. Presse,

26, 1935.
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FAMILY VI. LETHACEAE HOLMES.

(Handb. Phytopath. Viruaes, 1939, 135.)

Virus strains of the Spotted-Wilt Group, causing diseases characterized by bronzing

of foliage, streaking of stems, blighting of tips, necrotic spotting of foliage. Hosts,

higher plants; vectors, thrips {THRIPIDAE), There is a single genus.

Genus /. Lethum Holmes.

(Loc. cit.y 135.)

Characters those of the family. Generic name from Latin lethum^ death. At

present there is but one known species, though this is reported to be nearly world-wide

in distribution. In some areas it may have been confused with entities needing sep-

arate recognition.

The type species is Lethum australiense Holmes.

1. Lethum australiense Holmes (loc.

cit.f 136). From Australia, where virus

w’as first described.

Common names: Tomato s|X)tted-wilt

virus, kromnck or Kat River disease

virus. Also, pineapple yellow-spot or

side-rot virus (according to Sakimura,

Phytopath., SO, 1940, 281-299).

Hosts : Very numerous species in many
families of higher plants. Among those

most often noted arc : SOL.i NACEAE—
Lycopersicon esculentum Mill., tomato;

Nicotiana tabacum L., tobacco; Solarium

tuberosuvi L., |X)tato. COMPOSITAE
—Lactuca saliva L., lettuce. LEGVM-
INOSAE—Pisum sativum L., pea.

BROMETjIACEA E—Ananas comosus

Merr., pineapple.

Geographical distribution: Australia,

British Isles, United Slates, South Africa

Hawaii, New Zealand, Europe, China,

South America.

Induced disease : In tomato, bronze

ring-like secondary lesions, plant stunted,

some necrosis; later yellowish mosaic

with some leaf distortion. Fruit fre-

quently marked with concentric rings of

pale red, yellow, or white. In tobacco,

primary necrotic lesions followed by sys-

temic necrosis, with stem streak, crook-

nock, often stunting with subsequent

wilting and death, sometimes temiwrary

recovery followed by recurrence of sys-

temic necrosis. In lettuce, plant yel-

lowed, retarded in growth; brown blem-

ishes in central leaves, affected spots

dying, becoming like parchment but wdth

brown margins. Axillary shoots may
show chlorotic mottling. In pea, pur-

plish necrotic streaks on stem; at first,

leaves mottled; later, necrotic sjwts

damage foliage; pods show circular ne-

crotic spots or wavy lines, or, if severely

affected, may collapse; seeds may show
necrotic lesions. In potato, zonate ne-

crotic spots on upper leaves, necrotic

streaks on stems; stems collapse at top;

plant is stunted, yield of tubers small.

In pineapple, at first an initial spot or

primary lesion J to i inch in diameter,

raised, yellowish, on upper surface of

young leaf
;

later chlorotic spotting of

young leaves, crook-neck because of

necrotic foci in stems and fruits (side

rot)
;
plant may die.

Transmission; By inoculation of ex-

pressed juice; the addition of fine car-

lx)runduin powder to inoculum facilitates

transmission by rubbing methods. By
thrips, FranklinicUa lycopcrsici Andre-

wartha (formerly identified as F. insu-

laris Franklin), F. occidcntalis Perg., F.

nwulioni Hood, and F. schultzci (Try-

lx)m) {THRIPIDAE). Also by Thrips

tabaci Lind. (THRIPIDAE), In F,

lycopcrsici, thrips must pick up virus

while still a nymph; virus persists

through pupation and emergence as adult

;

preinfect ive period in vector, 5 to 9 days.

Virus is not transmitted through eggs of
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infective thrips. Probably not through

seeds of infected plants. Not through

soil.

Immunological relationships : Infects

tobacco plants previously infected with

tobacco>mosaic, potato-mottle, tobacco-

ringspot, and tomato-ringspot viruses.

Thermal inactivation: At 42® C in 10

minutes.

Filterability: Passes Gradocol mem-
brane of 0.45 micron pore diameter.

Other properties ; Virus readily inacti-

vated by desiccation or by action of oxi-

dizing agents
;
activity prolonged by pres-

ence of sodium sulhte, cystein, or by low

temperatures. Unstable at pH values

below 6 and above 9.

Literature: Ainsworth et al., Ann.

Appl. Biol., ilf 1934, 566-580; Andrewar-

tha, Trans. Roy. Soc. of So. Australia, 61

,

1937, 163-165; Bald and Samuel, ibid.,

1934, 179-190; Berkeley, Scientific Agr.,

15, 1935, 387-392; Best, Austral. Chem.
Inst. Jour, and Proc., 4, 1937, 375-392;

Best and Samuel, Ann. Appl. Biol., BS,

1936, 509-537 ; 759-780; Carter, Phyto-

path., B9, 1939, 285-287; Lewcock,

Queensland Agr. Jour., 1937, 665-672;

Linford, ibid., BB, 1932, 301-324; Magee,

Agr. Gaz. of New South Wales, 47, 1936,

99-100, 118; McWhorter and Milbrath,

Phytopath., B5, 1935, 897-898 (Abst.);

Oregon Agr. Exp. Sta., Circ. 128, 1938;

Milbrath, Phytopath., 29, 1939, 156-168;

Moore, Nature, 147, 1941, 480-481
; Moore

and Anderssen, Union of So. Africa, Dept.

Agr., Science Bull. 182, 1939; Parris,

Phytopath., SO, 1940, 299-312; Rawlins

and Tompkins, ibid., 26, 1936, 578-587;

Sakimura, ibid., SO, 1940, 281-299; Sam-

uel and Bald, Ann. Appl. Biol., 20, 1933,

70-99; Jour. Agr. So. Australia, S7, 1933,

190-196; Samuel et al., Counc. Scient,

Indus. Res., Austral., Bull. 44, 1930;

Ann. Appl, Biol., 22, 1935, 508-524;

Shapovalov, Phytopath., 24 1 1934, 1149

(Abst.); Smith, Nature, 127, 1931, 852-

853; Ann. Appl. Biol., 19, 1932, 306-330;

Jour. Minis!. Agr., S9, 1933, 1097-1104;

Jour. Roy. Hort. Soc., 60, 1936, 304-310;

Snyder and Thomas, Hilgardia, 10, 1936,

257-262; Takahashi and Rawlins, Phyto-

path., 24f 1934, 1111-1116; Taylor and

Chamberlain, New Zealand Jour. Agr.,

54, 1937, 278-283; Whipple, Phytopath.,

26, 1936, 918-920.

Strains: A strain differing somewhat

from the type, var. iypicum H. (loc. cii.,

136), has been described as damaging

tomatoes in the northwestern United

States. It has been given a distinctive

varietal name

:

la. Lethum australieme var. lelhale H.

(loc. cii., 138). From Latin Ictkalis,

deadly. Common names : Tip-blight

strain of tomato spotted-wilt virus,

Oregon tip-blight virus, tomato die-back

streak virus, tomato tip-blight virus.

Differs from the type in causing necrotic

leaf spotting, stem streaking, and tip

blighting in most hosts, without mottling

or bronzing of foliage
;
yet in Tropaeolum

majm L., there is little necrosis. In

tomato, systemic necrosis, terminal

shoots blighted and blackened
;
dead tips

stand upright above living foliage.

Fruits rough and pitted, with internal

pockets of necrotic tissue or with sub-

epidermal necrosis, appearing externally

as concentric brown bands. (McWhorter

and Milbrath, Oregon Agr. Exp. Sta.,

Circ. 128, 1938; Milbrath, Phytopath.,

29, 1939, 155-168.)
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Suborder III. Zoophaglneae svbordo novun.

From Greek phagein, to eat, and 2oan, an animal. Viruses infecting animals but

having no plant hosts, so far as known.

Key to the families of suborder Zoophaglnae.

1. Inducing diseases in insects as exclusive hosts.

Family I. Borrelinaceae^ p. 1225.

2. Inducing diseases of the pox group.

Family II. Borreliotaceae, p. 1229.

3. Inducing diseases of the encephalitis group.

Family III. Erronaceae, p. 1248.

4. Inducing diseases of the yellow-fever group.

Family IV, Charonaceae, p. 1265.

5. Inducing diseases of the infectious anemia group.

Family V Trifuraceae^ p. 1282.

6. Inducing diseases of the mumps group.

Family VI. Rabulaceae, p. 1284.

FAMILY I. BORRELINACEAE FAM. NOV,

Viruses causing polyhedral, wilt, and other diseases in arthropods. The genus Bor-

relina Paillot was originally spelled Borrellina by error; from Borrel, name of French

scientist.

Key to the genera of family Borrelinaceae.

I. Known only as attacking lepidopterous insects.

Genus I. Borrelina, p. 1225.

II. Known only as attacking the honey bee, a hymenopterous insect.

Genus II. Morator, p. 1227.

Oenus I. Borrelina Paillot.

(Compt. rend. Acad. Sci., Paris, 18t, 1926, 182.)

Viruses inducing polyhedral, wilt, and other diseases; hosts, Lepidoptera, so far as

known.

The type species is Borrelina bombycis Paillot.

Key to the species of genus Borrelina.

I. Attacking silkworm.

II. Attacking nun moth.

1. Borrelina bombycis.

2. Borrelina e^iens.

III. Attacking gypsy moth.

IV. Attacking cabbage worm.

3. Borrelina reprimens.

4. Borrelina brassicae.

5. Borrelina pieris.
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1. Borrelina bombycis Paillot.

(Compt. rend. Acad. Sci., Paris, 18S,

1926, 182.) From Latin bombyx, silk-

worm. (Note: Coccus-like bodies sur-

rounded by non-staining substances, as-

sociated with the induced disease, re-

ceived the provisional name Chlamy-

dozoon bombycis from Prowazek, Arch. f.

Protistenkunde, 10, 1907, 363.)

Common names : Silkworm-jaundice

virus, silkworm-grasserie virus, silkworm

wilt virus, Gelbsucht virus, Fettsucht

virus.

Host: BOMBYCIDAE—Bombyx mori

(L.), silkworm.

Geographical distribution : Japan,

Italy, France.

Induced disease : In silkworm, after

prodromal period of 5 days or more, yel-

low spots on skin, polyhedral bodies in

blood, inactivity, loss of appetite, ir-

ritability, weakening of body facilitating

rupture from mechanical stress, eventual

death.

Transmission: By feeding. E.xperi-

mentally, also by injection.

Serological relationships: Specific ag-

glutination, precipitation, and comple-

ment fixation.

Thermal inactivation: At 60® C in 15

to 20 minutes in blood.

Filterability : Passes Berkefeld N and

V, Chamberland Li, Lt, and Lj filters.

Other properties ; May survive at least

2 years in dry state. Stable between

pH 5 and about pH 9. Sedimentation

constant 17 S.

Literature : Aoki and Chigasaki, Cent,

f. Bakt., I Abt., Orig., 86, 1921, 481-485;

Glaser and Lacaillade, Am. Jour. Hyg.,

to, 1934, 454-464; Glaser and Stanley,

Jour. Exp. Med., 77, 1943, 451-466; v.

Prowazek, Cent. f. Bakt., I Abt., Orig.,

67, 1912, 268-284; Suzuki, Bull. Imperial

Kyoto ^ricultural College, 1, 1929, 45-

75; Trager, Jour. Exp. Med., 61, 1935,

501-513.

2. Borrelina effleiens spec, nov. From

Latin efficiens, effective, in reference to

effectiveness of this virus in controlling

nun-moth infestations.

Common names: Nun-moth disease

virus, nun-moth wilt virus, Wipfelkrank-

heit virus.

Host : LYMA N TRIIDAE—Lyman-
iria monacha (L.), nun moth.

Geographical distribution : Euro|XJ.

Induced disease : In eggs, larvae, pupae

and occasionally adults of nun moth,

polyhedral bodies in affected tissues.

Blood of sick larvae turbid
;
later, blood

cells few; contents of body finally l>ecome

a gray-brown, semifluid mass.

Transmission: By feeding.

Thermal inactivation : At 55 to 60° C in

5 to 10 minutes.

Filterability: Fails to pass Berkefeld

and Chaml)crland filters.

Other properties: May remain viable

at least 2 years in dry state.

Literature: Eschcrich and Miyajima,

Naturwissens. Ztschr. f. Forst- u. Land-

wirtschaft, 9, 1911, 381-402; Wachtl and

Kornauth, Mitth. a. d. forstl. Versuch-

swesen Osterreichs, 16, 1893, 1-38; Wahl,

Centralbl. Gesam. Forst w., 35, 1909, 164-

172; 212-215; 36, 1910, 377-397
; 37, 1911,

247-268; 55, 1912, 355-378.

3. Borrelina reprlmens spec, nov.

From Latin reprimere, to restrain.

Common name : Gypsy-moth wilt virus.

Host : L YMA NTRl IDAE^-Porthe-
tria dispar (L.), gypsy moth.

Geographical distribution: United

States.

Induced disease : In gypsy moth cater-

pillar, flaccidity, disintegration of tissues,

eventual collapse as a watery sack.

Death occurs in 13 to 29 (average 21) days

after infection; caterpillar may remain

attached to its support by prolegs ;
skin

ruptures easily. Polyhedral bodies orig-

inate in nuclei of the tracheal matrix,

hypodermal, fat, and blood ceils.

Transmission : By feeding on contam-
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inated foliage. Not through undamaged

skin.

Filterability : Passes Berkefeld N, not

Pasteur-Chamberland F, filter.

Literature : Chapman and Glaser, Jour.

Econ. Entomol., 8, 1915, 140-150; 9, 1916,

149-167; Glaser, Jour. Agr. Res., 4, 1915,

101-128; Science, 48, 1918, 301-302;

Glaser and Chapman, Jour. Econ. En-

tomol., 6, 1913, 479-488.

4. Borrelina brassicae Paillot.

(Compt. rend. Acad. Sci., Paris, 18t,

1926, 182.) F'rom name of host, Pieris

brassicae.

Common name : Cabbage-worm grass

-

erie virus.

Host : PIERIDAE—Pieris brassicae

(L.), cabbage worm.

Induced disease : In cabbage worm, no

nuclear or cytoplasmic inclusions; nuclei

of fat and hyix)dermal cells hypertrophied

and soon disorganized.

Transmission: By feeding.

Other properties: Descrilxjd as sub-

microscopic in size, intracytophismic.

Literature : Paillot, loc. cit . ;
Ann. Inst.

Pasteur, 40 , 1926, 314-452; L’infection

chez les insectes. Immunity et sym-

biose, 535 pages, Tr5voux, Patissier, 1933.

5. Borrelina pieris Paillot. (Compt.

rend. Acad. Sci., Paris, 182, 1926, 182.)

From New Latin Pieris, generic name of

host.

Common name : Virus of nuclear disease

of pierids.

Host: PIERIDAE—Pieris brassicae

(L.), cabbage worm.

Induced disease : In cabbage worm,

body yellowish below, tears easily just

before death
;
chromatin of nuclei in fat

and blood cells condensed in irregular

masses; cytoplasmic inclusions staining

faintly red in Giemsa preparations.

Transmission : By feeding.

Other properties: Described as intra-

cytoplasmic, less than 0.1 micron in di-

ameter.

Literature : Paillot, loc. cit . ;
Ann. Inst.

Pasteur, 40, 1926, 314-452; L*infection

chez les insectes. Immunity et sym-

biose, 535 pages, Tr^voux, Patissier, 1933.

Appendix: Borrelina JJacheriae quoted from Paillot, L’infection chez les insects.

535 pp., Trevoux, Patissier, 1935, see p. 96. Cause of gattine in the silkworm, Bombyx
mori L. No previous reference to a description of this species has been found.

Oenus II. Morator gen. not.

Only one species at present, inducing the disease known as sacbrood of the honey

bee. Generic name from Latin morator,

Morator aetatulae spec. nov.

1. Morator aetatulae spec. nov. From
I^atin aetatula, early period of life, in

reference to attack on imnuiture stages

of host, exclusively.

Common name: Iloney-bee sacbrood

virus.

Host: APIDAE—Apis mcllifera L.,

honey bee (immature stages only).

Insusceptible species : LYMANTRII-
DAE—Portheiria dispar (L.), gypsy
moth.

Geographical distribution : United
States.

loiterer. The type, and only, species is

Induced disease: In the honey bee,

immature stages only are susceptible
;
in-

fected larvae die, usually after capping,

some of the dead brood being uncapped by

the bees. Occasionally caps are punc-

tured. Affected areas of comb are usu-

ally small and scattered. Each larva is

extended along its cell, head turned up-

ward toward the roof. A larva recently

dead appears light yellow, light gray, or

light brown, soon darkening to brown or

almost black. Cuticle of dead larva

tough, permitting extraction of the sac-
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like mass without rupture ; contents

watery with many suspended, fine, brown

particles. There are no characteristic

intracellular bodies in affected tissues.

Dead larvae eventually dry down to form

scales that are black and roughened, that

separate readily from the cell wall, and

that may be lifted out intact. Colonies

tend to lose virus spontaneously.

Transmission: By contamination of

food. Not by hands, clothing, or tools.

Perhaps through water supply of insects.

Thermal inactivation : In water, at 58^^

C in 10 minutes. In honey, at 70 to 73"

C in 10 minutes.

Filterability : Passes Berkefeld and

Pasteur-Chamberland filters.

Other properties: Withstands drying

20, not 22, days, exposure to sunlight 7

hours or less, storage in honey a month

or more, i to 2 per cent aqueous solutions

of carbolic acid 3 weeks or more.

Literature : McCray and White, U. S.

Dept. Agr., Dept. Bull. 671, 1918; White,

U, S. Dept. Agr., Bur. of Entomol., Circ.

169, 1913; U. S. Dept. Agr., Dept. Bull.

92, 1914; ibid., Dept. Bull. 431,1917.
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FAMILY II. BORRELIOTACEAB FAM, NOV.

Viruses of the Pox Group, inducing diseases characterized in general by discrete

primary and secondary lesions of the nature of macules, papules, vesicles, or pustules.

Key to the genera of family Borrellotaceae.

I. Viruses of the Typical Pox-Disease Group.

Genus I. Borrelioia^ p. 1229.

II. Viruses of the Varicella Group.

Genus II. BriareuSj p. 1233.

III. Viruses of the Herpes Group.

Genus III. Scelus, p. 1234.

IV. Viruses of the Foot-and-Mouth-Disease Group.

Genus IV. Hoatis, p. 1239.

V. Viruses of the Wart-Disease Group.

Genus V. Molitor^ p. 1240.

Genus 1. Borreliota Goodpasture.

(Science, 77, 1933, 121.)

Viruses of the Typical Pox-Disease Group, inducing diseases characterized by forma-

tion of papules, pustules, and scabs, shed with or without scarring. Generic name
from Borrelf investigator who first discovered the specific granules of fowl pox and
I.atinized name of the smallest Greek letter, tofa, signifying smallest particle. The
name Cyioryctes variolae Guarnieri 1892 was based on intracellular inclusions, Guar-

nieri bodies, as 8upix)8cd sporozoan parasites (Calkins, Jour. Med. Res., D, 1904,

136-172).

The type species is Borreliota avium Goodpasture.

Key to the species of genus Borreliota.

I. Affecting domestic fowl.

1. Borreliota avium.

II. Affecting man principally, although strains have become adapted to cow,

rabbit, etc.

III. Affecting swine.

1. Borreliota avium (LipschUtz) Good-
pasture. (Strongyloplasma avium Lip-

schUtz, in Kolle, Kraus and Uhlenhuth,

Handbuch der pathogenen Mikroorgan-

ismen, 3 Auft., S, 1930, 314 ;
Goodpasture,

Science, 77, 1933, 121.) From I.atin

arcs, fowl of the air.

Common names: Fowl-pox virus; also

known tis |X)ultry-pox virus, chicken-pox

virus (but not the virus of the same name
attacking man rather than the chicken),

or virus of epithelioma contagiosum of

fowls; strains have been studied under

2. Borreliota variolae.

3. Borreliota suis.

the names Kikuth’s canary virus and
pigeon-pox virus.

Hosts : Chicken, turkey, pigeon, goose,

duck, guinea fowl, quail, hawk, pheasant,

partridge, bunting sparrow, canary. Ex-
perimentally, also English sparrow, chick

embryo.

Insusceptible species: Man, goat,

sheep, mouse, rat, guinea pig.

Geographical distribution: Europe,

Asia, North America; perhaps coexten-

sive with the area in which chickens are

grown under conditions of domestication.
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Induced disease: In chicken, hyper-

plastic nodular lesions of the skin, diph-

theritic membranes in mouth and throat,

discharges from eyes and nose; nodules

eventually dry up and fall off, usually

without leaving scars. Inclusion bodies,

known as Bollinger bodies, believed to

represent aggregates of minute Borrel

bodies or virus particles, leave much
grayish-white ash vrhen incinerated

;

break readily after digestion by 1 per cent

tr3rp8in in 0.2 per cent sodium bicarbon-

ate. Borrel bodies coccoid, 0.25 microns

in diameter. On chorioallantoic mem-
brane of chick embryo, proliferation and
hyperplasia, or necrosis.

Transmission: By contact, perhaps

through wound infection. By blood-

sucking dipterous insects. Experimen-

tally, by scarihcation of skin or buccal

mucosa; by intravenous, intradermal,

subcutaneous, intramuscular, or intra-

peritoneal inoculation. May be passed

in series by nasal instillation in chickens,

obvious mucosal changes occurring only

occasionally. Experimentally, by mos-

quitoes (CULICIDAE), Aides aegypti

L., A. siimulans Walker, A, vexana

Meigen (as long as 27 days from time of

feeding on infective material), and Culex

pipiens L. (indefinitely after infective

feeding, as long as the individual mos-

quito lives)
;
in C. pipiens^ the virus has

been found also under natural conditions.

Serological relationships: Neutralizing

and elementary-body-agglutinating anti-

sera specific. Antivaccinial serum from

rabbit ineffective against fowl -pox vims,

although neutralizing vaccinia virus.

Immunological relationships : No cross

immunity with respect to vaccinia virus

in the chicken.

Thermal inactivation: At 60® C in 8

minutes
;
at 56® C in 30 minutes.

Filterability : Passes Berkefeld V, not

Chamberland Lt> filter candle.

Other properties : Drying at room tem-

perature in vacuo does not inactivate.

Viable after storage at least 24 months
at 0 to 4® C, dry.

Strains: A strain known as Kikuth’s

canary virus has been studied in some
detail. When introduced into the rabbit

it induces formation of neutralizing anti-

bodies that react strongly with homol-

ogous virus, moderately against fowl-pox

virus. Antivaccinial serum is ineffective

against it. In canaries, it induces pro-

liferation of dermal epithelium with

c3rtopla8mic inclusions, the infiammatory

process being characterized by predom-

inantly mononuclear cells with vacuo-

lated cytoplasm; in the lung there is

massive accumulation of large mononu-
clear cells containing the specific cyto-

plasmic inclusions; the disease is regu-

larly fatal. Passes Berkefeld N filter.

Size estimated as 120 millimicrons by
centrifugation. (Bechhold and Schles-

inger, Ztschr. f. Hyg., 115, 1933, 354-

357; Burnet, Jour. Path, and Bact., 57,

1933, 107-122; Burnet and Lush, Brit.

Jour. Exp. Path., /7, 1936, 302-307;

Gaede, Cent. f. Bakt., I Abt., Orig., /55,

1935, 342-346; Kikuth and Gollub, ibid.,

m, 1932, 313-320.)

Literature : Andervont, Am. Jour.

Hyg., 6, 1926, 719-754
;
Brandly and Dun-

lap, Jour. Am. Vet. Med. Assoc., 96, 1939,

340-349; Brandly et al., Am. Jour. Vet.

Res., 5, 1941, 190-192; Brody, Cornell

Agr. Exp. Sta. (Ithaca). Memoir 195,

1936; Buddingh, Jour. Exp. Med., 57,

1938, 933-940; Burnet and Lush, Brit.

Jour. Exp. Path., 17, 1936, 302-307;

Danks, Am. Jour. Path., 8, 1932, 711-716;

Findlay, Proc. Roy. Soc. London, Ser. B,

108, 1928, 354-379; Goodpasture and A.

M, Woodruff, Am. Jour. Path., 5, 1930,

699-712; Goodpasture and C. E. Wood-
ruff, ibid., 7, 1931, 1-8; Irons, Am. Jour.

Hyg., 80, 1934, 329-351
; Kligler and Ash-

ner, Proc. Soc. Exp. Biol, and Med., 88,

1931, 463-465; Kligler et ol., Jour. Exp.

Med., 49, 1929, 649-660; Ledingham,

Lancet, 881, 1931 (5), 525-526; Ludford

and Findlay, Brit. Jour. Exp. Path., 7

1926, 256-264; Matheson et al, Poultry

Science, 10, 1931, 211-223; Megrail, Am.
Jour. Hyg., 9, 1929, 462-465; Nelson,

Jour. Exp. Med., 74, 1941, 203-212; A. M.
Woodruff, and Goodpasture, Am. Jour.
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Path., 7, 1931, 209-222; C. E. Woodruff,

ibid., 6, 1930, 169-174; C. E. Woodruff,

and Goodpasture, ibid., 5, 1929, 1-10;

6, 1930, 713-720.

2. Borreliota variolae (LipschOtz)

Goodpasture. (Sirongyloplasma variolae

LipschOtz, in Kolle, Kraus and Uhlen-

huth, Handbuch der pathogenen Mikro-

organismen, 3 Aufl., 8, 1930, 317; Good-
pasture, Science, 77, 1933, 121.) From
New Latin variola, smallpox.

Common names: Variola virus, small-

pox virus. Most studies of this virus

have been concerned with the vaccinia

strain
;
see Strains below.

Hosts : Man, cow and rabbit are sus-

ceptible to strains that appear especially

adapted to them (see Strains below).

Experimentally, also chicken (and chick

?mbryo); Chrysetnya marginaia, turtle;

guinea pig, horse, pig; Macaca mulatta

(Zimmermann), rhesus monkey
;
M. irus,

cynomolgus monkey; orang-outang; Afa-

cacus fuscatua.

Geographical distribution : Nearly

world -wide, except where excluded by
isolation or protective vaccination.

Induced disease : In man, mild to

severe smalljxjx, sometimes with pocks

few and discrete but often with pocks

numerous and coalescing; onset sudden,

6 to 22 days (average 12) after infection;

headache, vomiting, fever, often rashes

on body before appearance of the specific

eruption, bright red spots becoming vesic-

ular and eventually pustular; the pocks

are commonest on face, forearms, wrists,

palms of hands, and soles of feet ;
pustules

gradually become flattened scabs and

drop off, leaving no scar if superficial and

not secondarily infected
;
in hemorrhagic

smallpox there are numerous hemorrhages

into the skin and mortality is high, death

often preceding formation of pustules;

severity of disease and mortality roughly

proportional to the amount of eruption

on the face.

Transmission : By contact with in-

fected individuals or contaminated ar-

ticles
; perhaps by droplet infection,

obvious primary lesions characterizing

experimental transmission by scarification

but not natural spread.

Serological relationships : Hyperim-
mune calf serum neutralizes virus. Neu-
tralization depends on an antibody not

involved in agglutination and precipita-

tion. Antivaccinial serum gives com-
plement fixation in the presence of variola

virus. One agglutinogen (L) labile at

56° C, one (S) stable at 95° C; both are

parts of a single protein but can be de-

graded independently; chymotrypsin de-

stroys activity of S, not L. Increasing

neutralization in immune serum and virus

mixtures in vitro with progressive incuba-

tion
;
partial refictivation on simple dilu-

tion. Antivaccinial sera agglutinate Pas-

chen bodies of vaccinia but not Borrel

bodies of fowl pox; anti-fowl-pox sera ag-

glutinate Borrel but not Paschen bodies.

No cross reactions with herpes virus.

Immunological relationships: In vac-

cinia-immune swine, protective sub-

stances pass via colostrum, conveying

passive immunity to young for 2 to 3

months after birth. In man, immunity
against variola virus is conferred by ear-

lier infection with vaccinia strain. In

hen, previous infection with fowl-pox

virus does not immunize with respect to

vaccinia virus.

Thermal inactivation: At 55° C in 20

minutes.

Filterability : Passes Berkefeld V, not

Mandler, filter.

Other properties : Density about 1.16.

Sedimentation constant 50(X) X 10'^*

(corrected to water at 20° C). Retains

activity in glycerine best at pH 7.0.

0.1 per cent gelatin delays spontaneous in-

activation at 5 to 10° C. Withstands

absolute alcohol, ether, acetone, and
petroleum ether 1 hour in dry samples at

4° C without decrease in activity. Inac-

tivated without disruption by sonic vi-

brations of about 8900 cycles per second.

Diameter estimated as 125 to 175 milli-

microns by filtration; 236 to 252 milli-

microns by ultracentrifugation. Elec-

tron micrographs show limiting surface
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membrane, dense granules (usually 5)

within ; tendency to rectangular outlines

with rounded corners. At least 5.6 per

cent of virus is reported to be thymo-
nucleic acid. Contains nitrogen, 15.3 per

cent
;
carbon, 33.7 per cent

;
phosphorus,

0.57 per cent; phospholipid (lecithin),

2.2 per cent; neutral fat, 2.2 per cent;

reducing sugars after hydrolysis, 2.8 per

cent; cystine, 1.9 per cent; copper, 0.05

per cent.

Strains: Besides the typical variola

strain, var. hominia Goodpasture (Sci-

ence, 77, 1933, 121), several distinctive

strains have been studied. A spontane-

ous cowpox strain differs in some antigens

but affords cross inununity with respect

to var. bovis Goodpasture (/oc. cit,, 121),

vaccinia virus, which in turn immunizes
against typical variola virus. A s|x>n-

taneous rabbit-pox strain, serologically

resembling neurovaccine virus, is be-

lieved to exist independently in Europe
and the United States. The varieties

equi (horse-pox virus), porci (swine

strain), and ovium (sheep and goat pox

virus) have been attributed to this

species by Goodpasture (foe. cif., 121).

The alastrim strain (causing variola

minor) differs from the type in producing

a relatively mild disease in man and in

inducing the formation of a distinctive

type of intracellular inclusion in affected

tissues. ^
Literature : Amies, Jour. Path, and

Bact., 47, 1938, 205-222; Andervont, Am.
Jour. Hyg., 7, 1927, 804-810; Behrens and
Ferguson, Jour. Inf. Dis., 66, 1935, 84-88;

Behrens and Nielson, ibid,, 66, 1935,

41-48; Buddingh, Am. Jour. Hyg., S6,

1943, 310-322; Craigie and Wishart, Brit.

Jour. Exp. Path., 16, 1934, 390-398
;
Jour.

Exp. Med., 64, 1936, 819-830; Bearing,

Am. Jour. Hyg., W, 1934, 432-443; Doug-
las et al.. Jour. PatL and Bact., 62, 1929,

99-120; Downie, Brit. Jour. Exp. Path.,

20, 1939, 158-176; Eagles, ibid,, 16, 1935,

181-188; Elford and Andrewes, Brit.

Jour. Exp. Path., IS, 1932, 36-42; Good-
pasture, Woodruff, and Buddingh, Am.
Jour. Path., 8, 1932, 271-282; Green et al..

Jour. Exp. Med., 76, 1942, 651-656;

Greene, ibid,, 61, 1935, 807—831 ; Herzberg,

Ztschr. Immunit&tsforsch. u. exper.

Therap., 86, 1935, 417-141 ; Hoagland et

al., Jour. Exp. Med., 71, 1940, 737-750; 72,

1940, 139-147; 74, 1941, 69-80, 133-144;

76, 1942, 163-173; Hu et al., Jour. Exp.

Med., es, 1936, 353-378; Keogh, Jour.

Path, and Bact., 46, 1936, 441-454;

Ledingham, Brit. Jour. Exp. Path., 6,

1924, 332-349; Jour. Path, and Bact.,

66, 1932, 140-142; Macfarlane and Dolby,

Brit. Jour. Exp. Path., 21, 1940, 219-227;

Macfarlane and Salomon, ibid., 19, 1938,

184-191; McFarlane et al., ibid., 20,

1939, 485-501; Moriyama, Arch. f. Virus-

forsch., 1, 1940, 422-429; Nelson, Jour.

Exp. Med., 60, 1934, 287-291; 78, 1943,

231-239; Nye and Parker, Am. Jour.

Path., 5, 1929, 147-155; Parker, Jour.

Exp. Med., 67, 1938, 361-367, 725-738;

Parker and Muckenfuss, Jour. Infect.

Dis., 66, 1933, 44-54; Parker and Rivers,

Jour. Exp. Med., 62, 1935, 65-72; 84,

1936, 439-452; 85, 1937, 243-249; Paschen,

Deutsch. med. Wchschr., 69, 1913, 2132-

2136; Pearce et al., Jour. Exp. Med.,

66, 1936, 241-258, 491-507; Jour. Path,

and Bact., 46, 1936, 299-312; Pickels and
Smadel, Jour. Exp. Med., 68, 1938, 583-

606; Rhodes and van Rooyen, Jour. Path,

and Bact., 44, 1937, 357-363; Rivers and

Ward, Jour. Exp. Med., 68, 1933, 635-648;

62, 1935, 549-560; Rivers et al., ibid., 66,

1937, 677-685
; 69, 1939, 857-866; Rosahn

et al., Jour. Exp. Med., 66, 1936, 259-276,

379-396; Rosenau and Andervont, Am.
Jour. Hyg., IS, 1931, 728-740; Solaman,

Brit. Jour. Exp. Path., 18, 1937, 245-258;

Shedlovsky and Smadel, Jour. Exp. Med.,

76, 1942, 165-178; Smadel and Rivers,

ibid., 76, 1942, 151-164; Smadel et al.,

ibid., 68, 1938, 607-627
; 71, 1940, 373-389;

77, 1943, 165-171
;
Smith, Jour. Path, and

Bact., 66, 1930, 273-282; Sprunt, Proc.

Soc. Exp. Biol, and Med., 61, 1942, 226-

227; Jour. Exp. Med., 76, 1942, 297-304;

Stritar and Hudson, Am. Jour. Path., 12,

1936, 165-174; Ward, Jour. Exp. Med.,
60, 1929, 31-40.

3. BorrelloU suit spec. nov. From
Latin sua, swine.

Common name: Swine-pox virus (not
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the vaccinia strain of variola virus in

swine).

Host : SUIDAE—Sus acrofa L., domes-
tic swine.

Insusceptible species : Rabbit.

Geographical distribution : United
States (Iowa).

Induced disease ; In swine, locally, red-

dened hyperemic papules 3 to 7 mm in

diameter ;
papules become briefly vesicu-

lar, then change gradually to true pus-

tules, finally forming dark brown to

blackish scabs which are shed after a few

weeks without scarring; no secondary

lesions in hogs free from lice, but in in-

fested animals numerous secondary le-

sions appear 1 to 2 weeks after primary

lesions and are commonly most numerous
in the inguinal and axillary regions.

Mortality negligible but growth retarded.

Virus has been recovered from hog louse

after feeding on affected swine.

Transmission : By hog louse, Haemato-
pintis 8ut8 (HAEMATOPINIDAE),
probably mechanically. By experi-

mental scarification of skin.

Serological relationships: No reaction

with neutralizing sera specific for vac-

cinia virus.

Immunological relationships: Specific

immunity in swine after attack, but no
cross immunity with respect to vaccinia

virus.

Filterability : Passes Berkefeld V and
N filters.

Literature : Csontos and von Nyiredy,

Deutsch. tier&rztl. Wchnschr., 4^, 1933,

529-532
; Schwarte and Biester, Am. Jour.

Vet. Res., f, 1941, 135-140; Shope, Arch,

f. Virusforsch., I, 1940, 457-467.

Qen%L8 II. Briareus gen. nov.

Viruses of the Varicella Group, causing diseases characterized by reddened spots

and rings in affected tissues, becoming papular or vesicular. Generic name from Latin

Bfiareua, name of a hundred-armed giant.

The type species is Briareus varicellas spec. nov.

Key to the species of genus Briareus.

I. Causing chicken pox and herpes zoster in man.

II. Causing measles in man.

1. Briareus varicellae spec. nov. From
New Latin varicella

y

chicken pox.

Common names : Varicella virus, chic-

ken-pox virus; much evidence for iden-

tity with so-called herpes-zoster virus

has been presented.

Host: HOMINIDAE—Homo sapiens

L., man.
Insusceptible species: Chick embryo.

Geographical distribution : World-wide.

Induced disease : In man, usually

abrupt onset, rash at first macular* soon

paptdar and vesicular; vesicles generally

discrete* soon rupturing* healing with

scab formation and itching; separation of

deeper scabs may leave persistent scars

;

in severe cases there may be stomatitis*

laryngitis* and nasal lesions. In human
skin An ..kS..!*

1. Briareus varicellas

.

2. Briareus morbillorum.

embryo, experimeutally, pustular lesions

as in natural disease, with intranuclear

acidophilic inclusions
;
no gross vesicula-

tion.

Transmission : By contact. By spread

of droplets. Children in contact with

herpes zoster patients sometimes con-

tract varicella.

Serological relationships: Majority of

herpes zoster sera that agglutinate zoster

antigen also agglutinate elementary

bodies of varicella; complement fixation

tests also indicate relationship of virus

from herpes zoster and varicella. Chic-

ken-pox sera do not flocculate smallpox

brain-virus antigen.

Immunological relationships : Children

previously having varicella are immune
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Literature : Amies »
Brit, Jour. Exp.

Path., 16, 1934,314-320; Brain, ibid,, 14,

1933, 67-73; Bruusgaard, Brit. Jour.

Derm. Syph., 44 ,
1932, 1-24

; Goodpasture

and Anderson, Am. Jour. Path., SO, 1944,

447-453; Havens and Mayfield, Jour.

Inf. Dis., 60, 1932, 242-248; Irons et al..

Am. Jour. Hyg., SS, (B), 1941, 50-55;

Kundratitz, Monatsschr. Kinderheilk.,

S9, 1925, 516-523
; Lipschtitz and Kundra-

titz, Wien. klin. Woch., S8, 1925, 499-503.

2.

Biiareus morbillorum spec. nov.

From New Latin morbilli, measles.

Common name : Measles virus.

Host : IIOMINIDAE—Homo sapiens

L., man. Experimentally, also CERCO-
PITHECIDAE—Macaca mulatta (Zim-

mermann), rhesus monkey. PHASP
ANIDAE—Qallus gallus (L.), chick

embryo (no lesions, but 30 serial pas-

sages).

Geographical distribution : World-wide

except in isolated communities.

Induced disease : In man, after incuba-

tion period of 7 to 21 days, bright red spots

on buccal mucosa, especially near first

molar tooth (Koplik’s spots) followed by
rash on face, head, neck, then arms,

trunk, and legs; papules often crescents,

lesions usually discrete ; rash fades, leav-

ing brownish discoloration and desqua-

mation.

Transmission: By contact. By drop-

lets.

Serological relationships : Convalescent

serum is reported to modify the course of

the induced disease if administered in-

travenously in the preemptive stage.

Immunological relationships: Specific

immunity in man after attack.

Thermal inactivation: At 55® C in 15

minutes.

Filterability : Passes Berkefeld N filter

candle and Seitz EK disks.

Other properties : Viable at —35® C
for at least 4 weeks. Not inactivated by

10 per cent anesthetic ether in 40 minutes.

Literature : Blake and Trask, Jour.

Exp. Med., 53, 1921, 385-412; Gordon and

Knighton, Am. Jour. Path., 17, 1941,

165-176; Hedrich, Am. Jour. Hyg., 17,

1933, 613-636 ;
Kohn et al.

,
Jour. Am. Med.

Assoc., Ill, 1938, 2361-2364; Rake and

Shaffer, Jour. Immunol., S8, 1940, 177-200;

Rake et al
. ,
Jour Inf. Dis.

,
5.9, 1941 , 65-69

;

Scott and Simon, Am. Jour. Hyg., 6, 1925,

109-126.

Genus III. Scelus gen. nov.

Viruses of the Herpes Group, inducing diseases characterized in general by vesicular

primary lesions, sometimes with subsequent involvement of the nervous system.

Generic name from Latin scelus, rascal.

The type species is Scelus recurrens spec. nov.

Key to the species of genus Scelus.

I. In man, cause of so-called fever blisters, herpes febrilis.

1. Scelus recurrens

.

II. In swine, cause of pseudorabies.

2. Scelus suillum.

III. In monkey.
3. Scelus beta.

IV. In rabbit, course of the induced disease in nature unknown.
4. Scelus tertium.

V. In sheep, cause of ovine balano-posthitis.

6. Scelus ulceris.

VI. In mice, cause of ectromelia.

6. Scelus marmorans.
VII. In cattle, cause of erosive stomatitis.

7. Scelus bovinum.
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1. Scelus recurrens spec, nov. From
Latin recurrere^ to recur. Note : The
name Neurocystis herpetii Levaditi and
Schoen (Compt. rend. Soc. Biol., Paris,

96, 1927, 961 ) was applied provisionally to

the causative microorganism of herpes,

in the expectation tlrnt future research

would show inclusion bodies in affected

tissues to be stages in its life cycle.

Common names : Herpes virus, virus of

herpes simplex, virus of herpes febrilis

(not herpes zoster virus, for which see

varicella virus), virus of keratitis dendri-

tica, virus of aphthous stomatitis (of

man).
Host: IIOMINIDAE—Homo sapiens

L., man. Experimentally, also rabbit,

guinea pig, white mouse, cat, goose, hedge*

hog, and, though difficult to infect, dog

and pigeon. Chick embryo (but not

chicken). Also CERCOPITHECIDAE
—Cercocebus Juliginosns E. Geoffrey,

Macacus cynomolgus. CEBIDAE—Ce-

bus olivaceus.

Insusceptible species: White rat ;Bu/o

viridis; Cercopithecus callithriz; chicken

(except embryo).

Geographical distribution: Probably

world-wide.

Induced disease: In man, usually

acquired in first three years of life, some-

times as aphthous stomatitis ; virus prob-

ably retained often through life, some-

times with periodic reappearance of der-

mal lesions, which are vesicular and heal

soon. In white mouse, by experimental

inoculation of skin, small inflamed vesicu-

lar primary lesions about 5 days after in-

oculation, usually forming scabs and
healing a few days later, but sometimes

persisting; if on tail, followed by swelling

and paralysis of tail, ascending paralysis

and death, or by recovery with acquired

immunity; if near head, followed by en-

cephalitis and death ; intraperitoneal and
sometimes other inoculations immunize;

relapse with recurrence of primary lesions

rare. In chick embr>o, white, opaque,

circular or ring-like primary lesions of

small size on chorioallantoic membrane,
with or without necrotic secondary

lesions in liver, heart, lungs, spleen, and

kidneys; virus enters membrane 1 to 4

hours after it is dropped on its surface

;

primary lesions may be counted in 48

hours.

Transmission : By contacts. Experi-

mentally, by skin scarification
;
in guinea

pig» by feeding.

Serological relationships : Distant rela-

tionship to pseudorabies virus, Scelus

suillum, shown by moderate protection

against this virus conferred by some anti-

herpes sera. No relationship to vaccinia

virus or to virus III of rabbits demon-
strable by neutralization tests. Specific

complement fixation. Neutralizing anti-

body forms reversible union with virus,

at least for a time, though with strong

mixtures partial irreversibility finally

occurs.

Immunological relationships : Formal

-

inized virus and non-lethal strains of

virus immunize specifically. No cross

immunity with vaccinia virus.

Thermal inactivation : At 50 to 52® C in

30 minutes, when moist; at 90 to 100® C
in 30 minutes, when dry. At 41.5® C in

50 to 80 hours.

Filterability : Passes Berkefeld V filter

with slight loss.

Other properties : Diameter, by centrif-

ugation, computed as 180 to 220 milli-

microns; by filtration, 100 to 150

millimicrons. Specific gravity, 1.15. In-

activated by repeated freezing and thaw-

ing
;
also by pressure of 3000 atmospheres

for 30 minutes. Viable dry at least

18months at 4® C, in 50 per cent glycerine

at least 6 months. Not inactivated at 4®

C in 1 per cent aqueous gentian violet.

Charged negatively in solutions of hy-

drogen-ion concentration up to about pH
8. Isoelectric point, pH 7.2 to 7.6. In-

activated by incubation in vitro at pH 6

with synthetic vitamin C (ascorbic acid).

Literature: Anderson, Science, 90,

1939, 497; Am. Jour. Path., 16, 1940, 137-

156; Andervont, Jour. Inf. Dis., 44, 1929,

383-393; 45, 1929, 366-385 ; 49, 1931, 507-

529; Andrewes, Jour. Path, and Bact.,

S5, 1930, 301-312; Bassett et al., Compt.
rend. Acad. Sci., Paris, SOO, 19^, ISffi-

1884; Bechhold and Schlesinger, Ztschr.
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f. Hyg., 115, 1933, 342-353; Bedson, Brit.

Jour. Exp. Path., 1£, 1931, 254-260;

Bedson and Bland, ibid,, 9, 1928, 174-178

;

Blanc and Caminopetros, Compt. rend.

Soc. Biol., Paris, si, 1921, 859-^0; Boak
et al., Jour. Exp. Med., 7i, 1940, 169-173;

Brain, Brit. Jour. Exp. Path., IS, 1932,

166-171 ; Buggs and Green, Jour. Inf. Dis.,

58, 1936, 98-104 ; Burnet and Lush, Jour.

Path, and Bact., 45, 1939, 275-286; 49,

1939, 241-259; Lancet, tS6, 1939 {!),

629-631; Burnet et al.. Austral. Jour.

Exp. Biol, and Med. Sci., 17, 1939, 35-40;

Dawson, Am. Jour. Path., 9, 1933, 1-6;

Elford et al.. Jour. Path, and Bact., S6,

1933, 49-54; Findlay and MacCallum,
Lancet, SS8, 1940 (1 ), 259-261 ;

Fischl and
Schaefer, Klin. Wochnschr., 8, 1929,

2139-2143; Flexner, Jour. Gen. Physiol.,

8, 1927, 713-726; Jour. Exp. Med., 47,

1928, 9-36; Friedenwald, Arch. Ophthal-

mol., 52, 1923, 105-131; Goodpasture,

Medicine, 8, 1929 ,
223-243; Goodpasture

and Teague, Jour. Med. Res., 44, 1923,

121-138; Gunderson, Arch. Opthalmol.,

15, 1936, 225-249; Holden, Jour. Inf. Dis.,

50, 1932, 218-236; Keddie and Epstein,

Jour. Am. Med. Assoc., 117, 1941, 1327-

1330; Levaditi and Lepine, Compt. rend.

Acad. Sci., Paris, 189, 1929, 66-68; Leva-

diti and Nicolau, Compt. rend. Soc. Biol.,

Paris, 90, 1924, 1372-1375; Long, Jour.

Clin. Investigation, 12, 1933, 1119-1125;

Magrassi, Boll. 1st. Sieroterap. Milanese,

14, 1935, 773-790; McKinley, Proc. Soc.

Exp. Biol, and Med., 26, 1928, 21-22;

Naegeli and Zurukzo^u, Cent. f. Bakt.

I Abt., Orig., 1S5, 1935, 297-299; Nicolau

and Kopciowska, Ann. Inst. Pasteur, 60,

1938, 401-431 ; Parker and Nye, Am. Jour.

Path., 1, 1925, 337-340; Perdrau, Proc.

Roy. Soc. London, Ser. B, 109, 1931, 304-

308; Jour. Path, and Bact., 47, 1938, 447-

455; Remlinger and Bailly, Comp. rend.

Soc. Biol., Pans, 94, 1926, 734-736; 1064-

1066; 95, 1926, 1542-1545; 96, 1927, 404-

406; 1126-1128; 97, 1927, 109-111; Sabin,

Brit. Jour. Exp. Path., 15, 1934, 372-380;

Schultz and Hoyt, Jour. Immunol., 15,

1928, 411-419; Shaffer and Enders, ibid,,

S7, 1989, 383^11; Simon, International

Clinics, Series 37, S, 1927, 123-128; Smith

et al.. Am. Jour. Path., 17, 1941, 55-68;

Warren et al.. Jour. Exp. Med., 71, 1940,

155-168; Weyer, Proc. Soc. Exp. Biol,

and Med., SO, 1932, 309-313; Zinsser,

Jour. Exp. Med., 46, 1929, 661-670;

Zinsser and Seastone, Jour. Immunol.,

18, 1930, 1-9; Zurukzoglu and Hruszek,

Cent. f. Bakt. I Abt., Orig., 128, 1933,

1-12 .

2. Scelus sulllum spec, nov. From
Latin suillus, pertaining to swine.

Common names: Pseudorabies virus,

mad-itch virus.

Hosts : Domestic cattle, swine, dog, cat,

horse, sheep. Experimentally, also rab-

bit, guinea pig, white rat, white mouse,

gray field mouse, duck, chicken, chick

embryo; Macaca mulaiia (Zimmermann),

rhesus monkey.
Geographical distribution : France,

Germany, Hungary, Holland, Denmark,

Switzerland, Siberia, Brazil, United

States.

Induced disease : In cattle, licking of

affected area, usually somewhere on hind-

quarters, sudden decrease in milk pro-

duction in dairy animals, violent rubbing,

biting, and gnawing of lesion; swelling

and discoloration of affected parts with

oozing of serosanguineous fluid
;
grinding

of teeth and excessive salivation in some
individuals; death, preceded by clonic

convulsions, violent tossing of head, and
shallow respiration, usually 36 to 48 hours

after onset. In pig, mild but highly con-

tagious disease; slight nerve -cell degen-

eration, predominance of vascular and
interstitial lesions.

Transmission : By contact in swine, not

in cattle. By feeding in cats, brown rats,

and swine.

Serological relationships: Cross neu-

tralization between constituent strains.

Anti-herpes sera protect in some cases

against small, but constantly infective,

doses of pseudorabies virus.

Literature: Aujeszky, Cent. f. Bakt.

I Abt., Orig., 82, 1902, 353-357; F. B.

Bang, Jour. Exp. Med., 7$, 1942, 263-270;
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O. Bang, Acta path, et microbiol. Scand.,

Suppl., Ilf 1932, 180-182; Carini and Ma-
ciel, Bull. Soc. Path, exot., 5, 1912, 570-

578; F0lger, Acta path, et microbiol.

Scand., Suppl., li, 1932, 182-187; Glover,

Brit. Jour. Exp. Path., £0, 1939, 150-158;

Gowen and Schott, Am. Jour. Hyg., 18,

1933, 674-687; Hurst, Jour. Exp. Med.,

58, 1933, 415-433
; 69, 1934, 729-749

; 65,

1936, 449-463; Koves and Hirt, Arch,

wissensch. u. prakt. Tierheilk., 68, 1934,

1-23
;
Morrill and Graham, Am. Jour. Vet.

Res., 5, 1941, 35-40; Brit. Jour. Exp.

Path., 16, 1934, 372-380; Shope, Proc.

Soc. Exp. Biol, and Med., SO, 1932, 308-

309; Jour. Exp. Med., 54, 1931, 233-248;

57, 1933, 925-931
;
6t, 1935, 85-99, 101-117,

Traub, ibid,, 68, 1933, 663-081; 61, 1935,

833-838.

3. Scclus beta spec, nov. From beta,

second letter of Greek alphabet, in ref-

erence to common name.

Common name : B virus.

Hosts : HOMINIDAE—Homo sapiens

L.,man. CERCOPITHECIDAE-Ma^
caca mulatia (Zimmermann), rhesus

monkey. Experimentally, also LEPOR-
IDAE—Oryctolagus cuniculns (L.), rab-

bit. CAVIIDAE—Cavia porcellus {L.)

,

guinea pig.

Geographical distribution : United

States (from captive monkeys and man).

Induced disease : In man, local and rela-

tively insignificant lesion on bitten part,

later flaccid paralysis of legs, urinary

retention, ascending paralysis, and death

by respiratory failure. In Macaca mu-
laita, experimentally by intracutaneous

injection, hemorrhagic or vesiculo-pustu-

lar lesions without later involvement of

central nervous system but with subse-

quent acquired immunity. Acidophilic

intranuclear inclusions in lesions.

Transmission : To man, by bite of mon-
key. To monkey, experimentally, by
injection.

Literature : Burnet et al.. Austral. Jour.

Exp. Biol, and Med. Sci., 17, 1939, 35-40,

41-il; Sabin, Brit. Jour. Exp. Path., 16,

1934, 248-268, 268-279, 321-334
; Sabin and

Hurst, ibid,, 16, 1935, 133-148; Sabin and
Wright, Jour. Exp. Med., 69, 1934, 115-

136.

4. Scelus tertium spec, nov. From
Latin tertius, third.

Common name: Virus III of rabbits.

Host: LEPORIDAE—Oryctolagus cu-

niculus (L.), domestic rabbit.

Insusceptible species : No obvious dis-

ease in inoculated guinea pig, white

mouse, monkey {Macaca mulatta Zim-

mermann), rat, or man; hence the as-

sumption tliat these are naturally im-

mune, but they may be merely tolerant or

klendusic.

Geographical distribution : United

States (apparently spontaneous in some
individuals of the laboratory rabbit).

Induced disease : In domestic rabbit,

experimentally, after incubation period

of 4 to 6 days, failure to eat, loss of weight,

occasionally diarrhea and temperatures

of 104 to 107® F; small, superficial, red

spots and papules on skin at site of inocu-

lation; local infiltration of tissues with

endothelial leucocytes, swelling of in-

volved epithelial cells; nuclear inclusions

present in endothelial leucocytes and

some other cells; disease not fatal; virus

in circulating blood only during early

stages; recovery in a few days without

scar formation but with development of

specific immunity. The course of the

natural disease, presumed to occur in

rabbits, is still unknown.

Transmission: Experimentally, by in-

jection of filtrates from diseased tissues;

on several occasions also from blood or

tissues of apparently normal rabbits.

Serological relationships : Specific neu-

tralizing sul>stances occur in the serum

of recovered rabbits.

Immunological relationships: Specific

immunity but no cross reactions with

vaccinia or herpes viruses.

Thermal inactivation : In 10 minutes at

55® C, but not in 30 minutes at 45® C.

Filterability : Passes Berkefeld V and

N filters
;
passes Li filter candle.

Other properties: Viable at least 6



1238 MANUAL OF DETERMINATIVE BACTERIOLOGY

weeks in 50 per cent glycerine and 16

months dried when frozen, and stored

on ice.

Literature : Andrewes, Brit. Jour. Exp.
Path., 10

y

1929, 188-190, 273-280; Jour.

Path, and Bact., 55, 1930, 301-312; 60,

1940, 227-234; Rivers and Stewart, Jour.

Exp. Med., 45, 1928, 603-613; Rivers and
Tillett, ibid,, S9, 1924, 777-802

; 40, 1924,

281-287; Topacio and Hyde, Am. Jour.

Hyg., 16, 1932, 99-124.

5. Scelus ulcerls spec. nov. From
Latin vlcus, sore spot.

Common name: Ovine balano-posthitis

virus.

Host: BOVIDAE—Ovis aries L.,

sheep.

Geographical distribution : United

States, Australia.

Induced disease: In sheep, ulceration

with scab production : lesions most severe

on prepuce and vulva; in the male, the

penis may be involved, usually only with

mild inflammation, but if accompanied by
paraphimosis there may be extensive ul-

ceration and heavy scab formation.

Transmission : Venereally. Experi-

mentally, by inoculation of prepuce.

Filterability : Passes Berkefeld N and
W filters, a 7 lb Mandler candle, and a 3J
per cent collodion membrane.

Literature : Tunnicliff and Matisheck,

Science, 94, 1941, 283-284.

6. Scelus marmorans spec. nov. Prom
Latin marmorare, to marble, in reference

to mottling of spleen and liver in host.

Common name : Ectromelia virus.

Hosts: MURIDAE—Mus musculus

L., white mouse. Esperimentally, also

MURIDAE—Rattus norvegicus (Ber-

kenhout), rat (infection inapparent).

Also, PHASIANIDAE-^Gallus gallus

(L.), chick embryo (12-day-old White
Ijeghorn chick embryo at 36 to 37° C;
less satisfactory results at higher tem-

peratures of incubation or in embryos in

spring eggs). Derived strains of this

virus infect rabbit and guinea pig, not

susceptible to original virus from mouse.

Geographical distribution: England.

Induced disease : In white mouse,

spleen mottled, liver edges translucent,

peritoneal fluid increased in amount ; loss

of weight; later, cutaneous lesions on

foot or elsewhere; affected foot swells,

becomes moist, scabbed, then recovers or

dries up and separates from the skin at

limit of original swelling; in acute dis-

ease, death without gross lesions, or, at

autopsy, gut dark red, liver dirty gray,

soft, bloodless, sometimes mottled, spleen

necrotic
;
inclusion bodies most numerous

in lesions of the skin, round or oval, 4 to

13 microns long, without internal differ-

entiation; very young mice probably be-

come infected without developing ap-

parent disease and remain carriers for

some time. In rat
,
inapparent infection

;

after initial increase of virus, circulating

antibodies appear and immunity to rein-

fection is established.

Transmission: In mouse, by contact.

In rat, experimentally, by intramisal

inoculation.

Serological relationships: Neutralizing

antibodies occur in convalescent mouse
serum. Immune sera from the guinea

pig specifically agglutinate elementary

bodies obtained from infected skin of the

white mouse.

Immunological relationships: R<*cov-

ered mice are solidly immune to many
lethal doses.

Thermal inactivation: At 55° C in 30,

not in 10, minutes.

Filterability : In broth, passes Mandler,

Pasteur-Chamberland L*, and Berkefeld

N filters.

Other properties: Survives drying 6

months, freezing (—10° C) 2 months, 50

j>er cent glycerine 5 months at least.

Resists 1 per cent phenol 20, not 40, days.

Size, estimated by filtration, 1(X) to 150

millimicrons
;
by ultraviolet-light photog-

raphy, 130 to 140 millimicrons.

Literature : Barnard and Elford, Proc.

Roy. Boc. I..ondon, Scr. B, 109, 1931, 360-

380; Baumgartner, Cent. f. Bakt., I Abt.,

Orig., 155, 1935, 282-289 ;
Burnet and Lush,

Jour. Path, and Bact., 45, 1936, 469-476;

45, 1936, 105-120; Jahn, Arch. f. Virus-

forsch., 1, 1939, 91-103; Kikuth and
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G5nnert, Arch. f. Virusforsch., 1, 1940,

295-312; Marchal, Jour. Path, and Bact.,

55, 1930, 713-728 ;
McGaughey and White-

head, ibid.f 57
1 1933, 253-256; Paschen,

Cent. f. Bakt., I Abt., Grig., 136, 1936,

445-452.

7. Scelus bovlnum spec. nov. From
Latin bovinus, of ox, bull, or cow.

Common name : Erosive -stomatitis

virus.

Host: BOVIDAE—Bos iaurus L.,

domestic cattle. Experimentally, also

chorioallantoic membrane of developing

hen’s egg.

Insusceptible species: CAVIIDAE—
Cavia porcellus (L.), guinea pig. (In

rats, rabbits, mice, sheep, no reaction has

been noted after inoculation.)

Geographical distribution: South

Africa (Natal); perhaps Ireland

(Armagh-disease virus).

Induced disease : In young domestic

cattle, lesions on tongue, dental pad, and
lips pearl-like at first, then breaking down
to form superficial erosions, with white

glistening base and red border. Lesions

may coalesce to form large, ragged, eroded

areas, healing uneventfully with scar

formation. No foot lesions
; no excessive

salivation; no “hotness” of mouth; no-

systemic disturbances.

Transmission: Spreads slowly, mainly
to animals less than three years old, prob-

ably by contact. Experimentally, by
injection into dental pads, lips, or tongue.

Filterability : Passes Gradocol membrane
of about 400 millimicron average pore

diameter.

Other properties : Viable after at least

11 days at room temperature, 21 days at

refrigerator temperature, 6 weeks frozen

and dried in horse-serum saline.

Literature : Mason and Neitz, Onder-

stepoort Jour. Vet. Sci. and Anim. In-

dus!., 16, 1940, 159-173.

Genus IV. Hostis gen. nov.

Viruses of the Foot-and-Mouth Disease Group, inducing diseases mainly charac-

terized by vesicular lesions. Generic name from Latin hostis, enemy or stranger.

The type species is Hostis pecoris spec. nov.

Key to the species of genus Hostis.

1. Infecting cattle and other animals with cloven hoofs; horse immune or highly

resistant.

11. Infecting horse readily.

1. Hostis pecoris spec. nov. From
Latin pecus, cattle.

Common names: Foot-and-mouth dis-

ease virus; Virus der Maul- und Klauen-

scuche.

Hosts : Cow, pig, .sheep, goat, reindeer,

bison. Exixjrimentally, also guinea pig,

rabbit, rat.

Insusceptible species: Chick embryo

(chorioallantois)
;
horse (immune or very

resistant).

Induced disease : In cow, after incuba-

tion period of 2 to 4 days or more, fever,

vesicular lesions on tongue, lips, gums,

hard palate and feet, soon rupturing;

salivation, lameness, generally recovery.

1. Hostis pecoris.

2. Hostis eguinus.

Transmission: Spread rapid, source of

infection often obscure ;
saliva is infective

before lesions become obvious.

Thermal inactivation : At 70° C, not at

60° C, in 15 minutes.

Filterability : Passes Seitz, Berkefeld

V and N, and Chamberland Lu filters.

Strains : Three strains, A, O and C, are

inimunologically distinct from each other.

Other proj)crties: Particle calculated

to be about 20 millimicRms in diameter by
centrifugation data, 8 to 12 millimicrons

in diameter by filtration; may be sep-

arated from mixtures with the larger

equine vesicular stomatitis virus by dif-

ferential filtration. Viable after drying
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in vacuo, at least a week at —4 to 0^ C.

Readily destroyed by 1 to 2 per cent

sodium hydrate or above pH 11. Soon
inactivated near pH 6.0, but moderately

stable at pH 2.0 to 3.0; optimum condition

for storage at pH 7.5 to 7.7 in absence of

air; return from 3.0 to 7.5 inactivates,

however.

Literature : Elford and Galloway, Brit.

Jour. Exp. Path., 18, 1937, 155-161;

Galloway and Elford, ibid,, U, 1933, 400-

408; 16, 1935, 588-613; 17, 1936, 187-204;

Galloway and Schlesinger, Jour. Hyg.,

57, 1937, 463-470; Hare, Jour. Path, and
Bact., S5, 1932, 291-293; Loeffler and
Frosch, Cent. f. Bakt., I Abt., 55, 1898,

371-391 ; Matte and Sanz, Bull. Soc. Path.

Exot., 14, 1921, 523-529; Olitsky and
Boez, Jour. Exp. Med., 46, 1927, 673-683,

685-699, 815-831, 835-848; Pyl, Ztschr. f.

physiol. Chemie, 226, 1934, 18-28; Pyl and
Klenk, Cent. f. Bakt., I Abt., Grig.,

128, 1933, 161-171
; Schlesinger and Gallo-

way, Jour. Hyg., 57, 1937, 445-462.

2. Hostis equlnus spec. nov. From
Latin equinus, pertaining to horses.

Common names: Vesicular-stomatitis

virus, equine vesicular stomatitis virus.

Hosts: Horse, domestic cattle. Ex-

perimentally, also guinea pig, swine,

white mouse, rabbit (relatively resistant),

chick embryo ; Macaca mulaiia (Zimmer-

mann), rhesus monkey; M. irus,

cynomolgus monkey.

Insusceptible species : Chicken (ex-

cept embryo).

Geographical distribution : United

States (Indiana, New Jersey).

Induced disease : In horse, resembles

foot-and-mouth disease of cattle; red-

dened patches on buccal mucosa, mod-

erate fever, salivation, followed by ap-

pearance of vesicles, especially on tongue,

filled with clear or yellowish fluid ; vesi-

cles often coalesce and soon rupture

leaving an eroded surface which heals

soon in the absence of complications.

Experimentally, in chorioallantois of de-

veloping chick embryo, primary lesions

involve moderate ectodermal prolifera-

tion, degeneration, necrosis; mesodermal

inflammation; slight endodermal pro-

liferation.

Serological relationships: Strains iso-

lated in different localities give antisera

capable of neutralizing heterologous iso-

lates of virus, but homologous antisera

neutralize in higher dilutions than do

heterologous antisera.

Immunological relationships: No cross

immunity with respect to equine en-

cephalomyelitis virus.

Filterability : Passes Seitz filter.

Other properties: May be separated

from mixtures with foot-and-mouth dis-

ease virus by propagation on chorioallan-

toic membrane of chick embryo, which

will not support increase of the latter

virus. Inactivated by 1 :50,000 methyl-

ene blue in 2 mm layer 13 cm from 300

candle-power lamp in 60 minutes but not

in 20 minutes. Particle estimated on the

basis of filtration data to be 70 to 100

millimicrons in diameter
;
60 millimicrons

in diameter by centrifugation. Not de-

stroyed by acidifying to pH 3 and return-

ing to pH 7.5 (difference from foot-and-

mouth disease virus).

Literature : Burnet and Galloway,

Brit. Jour. Exp. Path., 15, 1934, 105-113;

Cox and Olitsky, Proc. Soc. Exp. Biol,

and Med., SO, 1933, 653-654; Cox etal.,

ibid., SO, 1933, 896-898; Elford and Gallo-

way, Brit. Jour. Exp. Path., 18, 1937,

155-161; Galloway and Elford, ibid., 14,

1933, 400-408
; 16, 1935, 588-613

; Mohler,

Jour. Am. Vet. Med. Assoc., 62, 1918,

410-422; Olitsky et al., Jour. Exp. Med.,

69, 1934, 159-171
;
Pyl, Ztschr. f. physiol.

Chemie, 226, 1934, 18-28; Sabin and

Olitsky, ibid., 60, 1937, 15-34
,
35-57

; 67,

1938, 201-228, 229-249; Syverton et al.,

Science, 78, 1933, 216-217.
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OenuB V, Molltor gen, nov.

Viruses of the Wart-Disease Group, inducing diseases mainly characterized by tissue

proliferation without vesicle or pustule formation. Generic name from Latin moliioT^

contriver.

The type species is Moliior verrucae epee, nov.

Key to the species

I. Affecting man.

II. Affecting cow.

III. Affecting dog.

IV. Affecting chicken.

V. Affecting rabbit.

1. Molltor verrucae spec. nov. From
Latin verruca, wart.

Common name : Common-wart virus.

HosisiHOMINIDAE—Homo sapiens

L.iUian. Perhaps also BO —Bos
taunts L., cow. CANIDAE—Canis

familiaris L., dog.

Induced disease : Experimentally in

man, incubation period long, 4 weeks to

6 or more months; initially acanthosis

(overgrowth of prickle cell layer of epi-

dermis) and flattening of the papillae;

later, interpapillary hypertrophy, in-

flammation, and marked hyperkeratosis.

Transmission: By contact; in some

cases, venereally. Experimentally, by
skin scar fleation.

Filterability : Passes Berkefeld N filter.

Literature : Ciuffo, Giorn. ital. d,

maJattie veneree e d. pelle, 48, 1907, 12-

17 ; Kingery, Jour. Am. Med. Assoc., 76,

1921 , 440-442 ; Payne, Brit. Jour. Dermat.,

3, 1891, 185-188; Schultz, Deutsch. med.

Wchnschr., 34, 1908, 423; Serra, Giorn.

ital. d. malattie veneree e d. pelle, 63,

1924, 1808-1814; Ullmann, Acta oto-

laryngologica, 3, 1923, 317-334; Wile and

Kingery, Jour. Am. Med. Assoc., 73,

1919, 970-973.

2. Molltor homlnit comb, nov.

(Sirongyloplatma hominis LipsohOts,

of genus Molltor.

1. Moliior verrucae,

2. Moliior hominis.

3. Moliior bovis.

4. Moliior buccalis.

5. Moliior tumoris.

6. Moliior gingivalis,

7. Moliior sylvilagi,

8. Moliior myxomae.

Arch. Dermat. u. Syph., 107, 1911, 395.)

From Latin homo, naan.

Common name : Molluscum coniagiosum
virus.

Host: HOMINIDAE—Homo sapiens

L., man.
Geographical distribution : Perhaps es-

sentially world-wide.

Induced disease : In man, experimen-

tally, prodromal period may be 14 to 50

days, lesions at first like pimples, becom-
ing red, painful, swollen, developing into

small tumors covered with stretched and
shiny skin; lesions commonest on face,

arms, buttocks, back, and sides, heal-

ing spontaneously. Inclusions within

epithelial cells, known as molluscum
bodies, measure 9 to 24 microns in diame-

ter when approximately spherical, 24 to

27 microns in width and 30 to 37 microns

in length when elongated; they contain

elementary bodies about 0.3 micron in

diameter. The outer envelope of the

molluscum body is of carbohydrate.

Transmission: By contact. By
fomites.

Filterability: Passes Chamberland Li

and Berkefeld V filters.

Literature : Goodpasture and King,

Am. Jour. Path., 3, 1927, 385-394; Good-
pasture and Woodruff, ibid., 7, 1931, 1-3;

Juliusboig, Deutsch. med. Wohnsohr.,
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51, 1905, 1598-1599; Lipschtitz, Arch.

Dermat. u. Syph., 107, 1911, 387-396; in

Kolle, Kraus and Uhlenhuth, Handbuch
der Pathogenen Mikroorganismen, 5,

1930, 1031-1040; Van Rooyen, Jour. Path,

and Pact., 40, 1938, 425-436; 40, 1939,

345-349; Wile and Kingery, Jour. Cutan.

Dis., 37, 1919, 431-446.

3. Molitor bovis spec, not; . From Latin

6o«, cow.

Common name : Cattle-wart virus.

Host: BOVIDAE—Bos taurus L., do-

mestic cattle.

Geographical distribution : United

States.

Induced disease : In cattle, especially

about head, neck, and shoulders in young
animals, on udders in cows, affected skin

thickened at first, then rough, nodular;

warts sometimes become large and pendu-
lous, adversely affecting growth of host

;

they sometimes become cauliflower-like

tumors several inches in diameter; spon-

taneous regression is not infrequent.

Hides from affected animals are reduced

in value.

Transmission : Believed to be through

injuries to skin when the injured part

comes in contact with warty animals or

with rubbing posts, chutes, fences, build-

ings, or other structures with which
affected animals have come in contact pre-

viously. Experimentally, by skin inocu-

lations, especially in animals under 1 year

of age.

Filterability : Passes Berkefeld N filter.

Literature: Creech, Jour. Agr. Res.,

5P, 1929, 723-737; U. S. Dept. Agr., leaf-

let 75, 1931, 1-4.

4. Molitor buccalis spec. nov. From
Latin hucca, cheek.

Common name : Canine oral -papillo-

matosis virus.

Host: CANIDAE—Canis familiaris

L., dog.

Insusceptible species: Cat, rabbit,

guinea pig, rat, mouse; Macaca mulatta

(Zimmermann), rhesus monkey.
Induced disease : In young dog, experi-

mentally, about 1 month after inocula-

tion of buccal membrane by scarification.

pale, smooth elevations, becoming gradu-

ally more conspicuous and roughened;

finally a mass of closely packed papillae

is formed. Regression with subsequent

immunity is frequent; no scars are left

on regression. Secondary warts often

appear in other parts of the mouth 4 to 6

weeks after primary warts have first been

observed.

Transmission ; Experimentally by skin

scarification.

Serological relationships : Not inhibited

by antiserum effective against common-
wart virus of man.
Thermal inactivation : At some tem-

perature between 45 and 58® C in 1 hour.

Filterability : Passes Berkefeld N filter.

Other properties : Viable after freezing

and drying, if stored dry in icebox, at

least 63 days
;
in storage in equal parts of

glycerine and 0.9 per cent NaCl solution

at least 64 days.

Literature : DeMonbreun and Good-

pasture, Am. Jour. Path., 8, 1932, 43-56;

MTadyean and Hobday, Jour. Comp.
Path, and Therap., //, 1898, 341-344;

Penberthy, ibid., 11, 1898, 363-365.

5.

Molitor tumoris spec. nov. From
Latin tumor, swelling.

Common names: Fowl-sarcoma virus,

Rous chicken-sarcoma virus.

Hosts : PHASIANIDAE—Gallus gal-

lus (L.), chicken. Experimentally, also

pheasant (serial transfer difficult) and
duck (by cell transfer only but filtrates

from duck infect injected chicken).

Insusceptible species : Turkey, guinea

fowd (lx)th immune to filtrates but ca-

pable of supporting tumor line if alterna-

ted in a series with common fowl hosts)

;

geese.

Induced disease : In hen, originally

found in an adult, pure-bred hen of

Barred Plymouth Rock variety. Experi-

mentally transmitted, a circumscribed

nodule soon becomes evident at site of

implantation
;
later this becomes necrotic

or cystic at its center
; as growth enlarges,

host becomes emaciated, cold, somnolent,

and finally dies ; discrete metastases are

often found in lungs, heart, and liver.

Parent cell of sarcoma is claimed to be
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the normal histiocyte, but virus in the

affected fowl is not confined to the sar-

coma, being widespread in the body in

spleen, liver, muscle, brain, etc. In the

chick embryo, serial passage is feasible on

the egg membrane, in which focal lesions

involve only ectodermal tissue.

Transmission : By injection of affected

fowl cells or filtrates. Certain trans-

missible tar-induced sarcomas, not in-

fecting by filtrates, nevertheless induce

the formation of antibodies capable of

neutralizing this virus. An inhibitor of

the virus extracted from tumors appears

to be a protein, inactivated at 65® C, but

not at 55® in 30 minutes and destroyed

by trypsin in 3 to 5 hours at pH 8. Oleic

acid also may act as an inhibitor. No
spontaneous transmission in chickens

kept together.

Serological relationships : Particles sedi-

mented by centrifugal force 20,000 to

30,000 times gravity are specifically ag-

glutinated by sera of fowls bearing

corresponding tumor. At least one anti-

gen in tumors of hen and duck not in

healthy birds; this one fixes complement

and gives cross reactions with Rous, Mill

Hill 2, Fujinami, and IIFD2 tumors.

Virus injected into goats produces tw’o

antibodies but only one if previously

heated; the antibody to the heat-stable

constituent requires complement to neu-

tralize virus
;
the only antibody produced

in ducks docs not require complement to

neutralize.

Thermal inactivation : At or below 54®

C in 20 minutes.

Filterability : Pjisses Berkefeld V and

no. 5 (medium) filters.

Other properties : Particle size esti-

mated as about 100 millimicrons (but

some say 50 or even 15 millimicrons) in

diameter by filtration through graded

membranes, about 70 millimicrons

(molecular weight 140,000,(X)0) by ultra-

centrifugation. Contains 8.6 to 9.0 per

cent nitrogen, 1.6 per cent phosphorus.

Protein tests positive. Feulgcn reaction

for thymonucleic acid absent; 10 to 15

per cent of the protein may be nucleic

acid, probably of ribose type. Pentose

present. Virus believed to be of globulin

nature or attached to globulin particles

(Lewis and Mendelsohn, Am. Jour. Hyg.,

12

j

1930, 686-689). Viable indefinitely in

dried spleen as in dried sarcoma tissues.

Strains : Several strains have been
studied in addition to the original Rous
sarcoma no. 1 strain; immunological rela-

tionships have been shown between the

original strain, the des Ligneris sarcoma

strain, the Fujinami sarcoma strain, the

fibrosarcoma Mill and endothelioma

MH2 strains; other isolates also have
shown serological interrelationships.

Literature : Amies, Jour. Path, and
Bact., 44t 1937, 141-166; Amies et al.. Am.
Jour. Cancer, SS, 1939, 72-79

;
Andrewes,

Jour. Path, and Bact., 84, 1931, 91-107;

S5, 1932, 407-413; 57, 1933, 17-25, 27-44;

43. 1936, 23-33; Claude, Jour. Exp. Med.,

66. 1937, 59-72; Science, 87, 1938, 467-468;

90, 1939 ,
213-214; Am. Jour. Cancer, 57,

1939, 59-63; Claude and Rothen, Jour.

Exp. Med., 71, 1940, 619-633; Dmochow-
ski and Knox, Brit. Jour. Exp. Path., 20,

1939, 466-472; Elford and Andrewes,

ibid., 16, 1935, 61-66; Gye and Purdy,

Jour. Path, and Bact., 34, 1931, 116-117

(Abst.) ; Haddow, ibid., 37, 1933, 149-155;

Helmer, Jour. Exp. Med., 64, 1936, 333-

338; Keogh, Brit. Jour. Exp. Path., 19,

1938, 1-9; Ledingham and Gye, Lancet,

228, 1935 (/), 376-377; Lewis and Men-
delsohn, Am. Jour. Hyg., 12, 1930, 686-

689; des Ligneris, Am. Jour. Cancer, 16,

1932, 307-321
;
McIntosh, Jour. Path, and

Bact., 4t, 1935, 215-217; Mellanby, Jour.

Path, and Bact., 4S, 1938, 447-460
; 47,

1938, 47-64; Mendelsohn et al., Am.
Jour. Hyg., 14, 1931, 421-425; Purdy,

Brit. Jour. Exp. Path., IS, 1932, 473-479;

Rous, Jour. Exp. Med., IS, 1911, 397-411.

6. Molltor glngivalis spec. nov. From
Latin gingiva, gum.

Common name : Rabbit oral-papilloma-

tosis virus.

Hosts: LEPORIDAE—Oryciolagvs

cuniculus (L.), domestic rabbit. Ex-

perimentally, also Lepus americanus
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Erxleben, snowshoe hare
;
L. califomicus

Gray, jack rabbit ; /Sy{t;t7a^ sp., cotton-

tail rabbit.

Geographical distribution ; United

States.

Induced disease: In rabbit, benign

papillomas, having the form of small,

discrete, gray-white, sessile or peduncu-

lated nodules, usually multiple, on lower

surface of tongue or, less frequently, on
gums or floor of mouth.

Transmission: Perhaps by mother to

suckling young, with a latent period be-

fore onset of disease. Not highly con-

tagious, if contagious at all, in old animals.

Experimentally by puncture of tissues in

the presence of virus.

Immunological relationships: Specific

immunity develops as a result of disease,

but no cross immunity with respect to

rabbit-papilloma virus, which differs also

in failing to act on oral mucosa.

Filterability : Passes Berkefeld V and

N filters.

Literature: Parsons and Kidd, Jour.

Exp. Med., 77, 1943, 233-250.

7. Molitor sylvilagi spec, nov. From
New Latin Sylvilagus, generic name of

cottontail rabbit.

Common names : Rabbit papilloma or

papillomatosis virus, rabbit wart virus.

Hosts : LEPORlDAE—Sylvilagus sp.,

cottontail rabbit. Experimentally, also

LEPORIDAE— Oryciolagus cuniculua

(L.), domestic rabbit.

Geographical distribution : United

States.

Induced disease : In cottontail rabbit,

at first minute elevations along lines of

scarification ; later solid masses of wrin-

kled keratinized tissue, 3 to 4 millimeters

in thickness ; eventually comified warts,

striated perpendicularly at top, fleshy at

base, 1 to 1.5 cm in ^ight; regression

rare; natural papillomas become malig-

nant occasionidly. In domestic rabbit,

experimentally, blood antibody remains

low but virus is always masked, prevent-

ing serial passage ; discrete lesions on skin

permit quantitative tests; tarring causes

localization of virus from blood stream;

papillomas give rise to malignant acan-

thomatouB tumors by graded continuous

alteration; metastasis frequent; trans-

plantation to new hosts successful in

series; antibody specific for the virus is

formed continuously in the transplanted

growths although virus is not directly

demonstrable by subinoculation from

them; malignant growths appear more
promptly and frequently where epidermis

has been tarred long; virus appears

specific for epithelium of skin; growths

disappear if treated with X-rays, 3600 r

at one time or fractionally; 60 per cent

are cured with 3000 r, but 2000 r ineffec-

tive.

Transmission : Experimentally, by

scarification of skin. Abnormal suscepti-

bility to infection is noted in rabbit skin

treated with 0.3 per cent methylcholan-

threne in benzene or equal parts of tur-

pentine and acetone.

Serological relationships : Specific neu-

tralization, reversible on dilution. Com-
plement fixation specific, with virus

particle as antigen ;
no cross reaction with

antisera for vaccinia, herpes, fibroma, or

myxoma viruses. Precipitates occur in

properly balanced mixtures of virus and

specific antiserum; virus and antibody

in both free and neutralized states are

present in both soluble and insoluble

phases of these suspensions.

Immunological relationships : Intra-

peritoneal injections immunize specifi-

cally. Rabbits inununized to fibroma

and myxoma viruses are susceptible to

rabbit papilloma virus.

Thermal inactivation: At 70^ C, not

at 65 to 67^C, in 30 minutes; in 0.9 per

cent sodium chloride solution at 65 to 66"

C, time not stated.

Filterability: Passes Berkefeld V, N,
and W filters; particle size calculated as

23 to 35 millimicrons by filtration as com-
pared with 32 to 50 millimicrons by cen-

trifugation and 44.0 millimicrons by
measurement of electron miciognq;>b8,

which show the particle to be approxi-

mately spherical in shape.
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Other properties: Infectious particle

has sedimentation constant Sio » ca. 250

X 10^‘* cm per sec. per dyne; usually

there is a secondary boundary at about

876 X Isoelectric point between
pH 4.8 and 5.1. Maximum absorption at

about 2760 A. Contains thymus nucleic

acid about 6.8 to 8.7 per cent
;
maximum

absorption of nucleic acid at about

2630 A.
Literature: Beard et al., Jour. Inf.

Dis., 66, 1939, 43-62; 69, 1941, 173-192;

Bryan and Beard, ibid., 66, 1939, 306-321

;

Friedewald, Jour. Exp. Med., 76, 1942,

197-220; Hoyle, Jour. Path, and Bact.,

60, 1940, 169-170; Kidd, Jour. Exp. Med.,

68, 1938, 703-724, 725-759; 70, 1939, 583-

604 ; 71, 1940, 469-494; 74, 1941, 321-344;

76, 1942, 7-20; Kidd and Rous, ibid. ,68,

1938, 529-562
; 71, 1940, 813-838, Kidd et

al., ibid., 64, 1936, 63-77, 79-96; Rous and
Beard, ibid., 60, 1934, 701-722; 62, 1935,

523-548; Rous and Kidd, ibid., 67, 1938,

399-428
; 71, 1940, 787-812; Rous et al.,

ibid., 64, 1936, 385-^00, 401-424; Schles-

inger and Andrewes, Jour. Hyg., $7,

1937, 521-526; Sharp ct al., Proc. Soc.

Exp. Biol, and Med., 60, 1942, 205-207;

Shope, Jour. Exp. Med., 58, 1933, 607-634

;

66, 1937, 219-231
;
Syverton et al., ibid.,

78, 1941, 243-248
;
Taylor et al.. Jour. Inf.

Dis., 71, 1942, 110-114.

8. Molitor myxomae (Arag5o) comb,

nov. (Chlarnidozoon myxomae AragSo,

Brazil-Med., 26, 1911, 471; name later

abandoned by its original author in favor

of Strongyloplaama myxomae Aragfto,

Mem. Inst. Oswaldo Cruz. 20, 1927, 231

and 243. The name Sanarellia ctmiculi

LipschUtz, Wien. klin. Wochenschr., 40,

1927, 1103, was based on the supposed

causative organism, defined as varying in

size between the size of chlamydozoa and

of large cocci ;
it is not clear whether the

structures observed and named were

virus particles or not.) From New Latin

myxoma, a kind of soft tumor, from nature

of induced lesion.

Common names : Myxoma virus, virue

myxomatodum.

Hosts : LEPORJDAE’—Oryctolague
cunicvlue (L.), domestic rabbit. Ex-
perimentally, also Sylvilagua sp., cotton-

tail rabbit; jack rabbit (once in many
trials); Lepua braailienaia (resistant and
rarely infected ) . Also chick embryo and
duck embryo.

Insusceptible species: Lepua califor-

nicua Gray, black-tailed jack rabbit; L.

americanua Erxleben, varying hare ; Syl-

vilagua tranaitionalia Bangs, cottontail;

horse, sheep, goat, cattle, dog (but one

reported infected), guinea pig, rat,

mouse, fowl, pigeon, duck, cat, hamster,

monkey; man (but some conjunctival

pain and swelling).

Geographical distribution : South Amer-
ica (Brazil, Uruguay, Argentina), United
States (California).

Induced disease : In domestic rabbit, a

disease (myxomatoais cuniculi) almost al-

ways fatal at ordinary room temperatures

but not at 36 to 42° C, lesions fewer and
regressing after 6 to 8 days at these higher

temperatures in most animals. At ordi-

nary temperatures, nodules (edematous

tumors) in skin near eyes, nose, mouth,

ears, and genitalia; edema of eyelids;

conjunctivitis with purulent discharge

if skin around eyes is involved. Later

marked dyspnea, stertorous breathing,

cyanosis, asphyxia. Animals usually die

within 1 to 2 weeks of infection. Virus

enters bloodstream and invades nervous

system at random through walls of blood

vessels . Discharges from nose
,
eyes

,
and

the serous exudates from affected tissues

are infectious; urine and feces are not.

There are cytoplasmic inclusions in af-

fected epidermal cells. In chick em-
bryo, experimentally, intense inflamma-

tion, eventual impairment of circulation

and necrosis locally; growth best if em-
bryo is grown at 33 to 35° C and chilled

to 25° C for 12 to 18 hours before or after

inoculation, lesions being linear and asso-

ciated with capillaries in ectoderm; virus

infects and is recoverable from embryo
and depresses hatch.

Transmission: By contact with dis-

eased rabbits or cages recently occupied
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by them. Through air for a few inches.

Rarely by feeding. Experimentally, by
rubbing conjunctiva with a bit of infected

tissue or with a platinum loop contam-

inated from diseased conjunctiva; has

been recovered from flies. By injection.

By flea, Ctenopayllafelis (PUUCIDAE),
rarely.

Serological relationships : An attack of

the disease induces the formation of neu-

tralizing antibodies. Cross neutraliza-

tion by antisera to myxoma and fibroma

strains. Complement is fixed with myx-
oma virus as test antigen in the presence

of antisera to myxoma or fibroma strains.

Serum of rabbit inoculated with a soluble

antigen, a heat-labile protein with iso-

electric point near pH 4.5, agglutinates

myxoma elementary bodies. A second

soluble antigen, also heat labile, appears

distinct, inhibiting its own antibody even

after inactivation of its precipitating

power by exposure at 56® C.

Immunological relationships : Myxoma

-

recovered domestic rabbits become
immune to reinfection

;
fibroma-strain-re-

covered animals, although partially im-

munized, still support myxoma-strain

virus introduced into the testicle. Heat-

inactivated virus (60° C for 30 minutes)

tends to immunize if given intradermally

;

there is then an allergic local response,

less severe generalized disease, delayed

death or recovery. If fibroma virus pre-

cedes myxoma virus by 48 to 96 hours,

there is marked protection.

Thermal inactivation : At 55° C in 10

minutes ;
at 50° C in 1 hour. A substance

thermostabile for 30 minutes at 60 to 75°

C, but not at 90° C, is itself unable to

produce myxomatous changes after the

heat treatment but may do so in com-

bination with fibroma virus, and trans-

missible myxoma virus is then reconsti-

tuted. Although it is supposed by some
that this indicates the transformation of

fibroma-strain virus into myxoma-strain

virus, the possibility that heat-modified

myxoma-strain virus is reactivated has

not been eliminated.

Filterability : Passes Berkefeld V and

N filters; not Chamberland L5 or L?

filters.

Other properties: Inactivated above

pH 12.0 and below pH 4.0. Withstands

drying. Viable at least 3 months at 8 to

10° C.

Literature: Aragfio, Brazil-med., 26

f

1911, 471; Mem. Inst. Oswaldo Cruz,f0,

1927, 225-235; Berry and Dedrick, Jour.

Bact., 51, 1936, 50-51 (Abst.) ;
Berry and

Lichty, ibid., 5/, 1936, 49-50 (Abst.);

Berry et al.. Second International Cong-

ress for Microbiology, Report of Proceed-

ings, London, 1936, 96 (Abst.)
;
Fisk and

Kessel, Proc. Soc. Exp. Biol, and Med.,

29, 1931, 9-11
;
Gardner and Hyde, Jour.

Inf. Dis., 71, 1942, 47-49; Hobbs, Am.
Jour. Hyg., 8, 1928, 806--839

;
Science, 75,

1931, 94-95; Hoffstadt and Omundson,
Jour. Inf. Dis., 68, 1941, 207-212; Iloff-

stadt and Pilcher, Jour. Bact., 55, 1938,

353-367
; 55, 1940, 40-41; Jour. Inf. Dis.,

64, 1939, 208-216; 66, 1939, 103-112;

Hoffstadt et al., ibid., 68, 1941, 213-219;

K. E. Hyde, Am. Jour. Hyg., 55, 1936,

278-297; R. R. Hyde, ibid., SO (B), 1939.

37-46, 47-55; Hyde and Gardner, ibid.,

17, 1933, 446-465; SO, (B), 1939, 57-63;

Kessel et al., Proc. Soc. Exp. Biol, and

Med., 28, 1931, 413-414; Lipschtitz,

Wien. klin. Wchschr., 40, 1927, 1101-1103;

Lush, .\u8tral. Jour. P^xp. Biol, and Med.
Sci., 15, 1937, 131-139; 17, 1939, 85-88;

Martin, Austral. Counc. Sci. and Indust.

Res., Bull. 96, 1936, 28 pages; Moses,

Mem. Inst. Oswaldo Cruz, 5, 1911, 46-53;

Parker and Thompson, Jour. Exp. Med.,

76, 1942, 567-573; Plotz, Compt. rend.

Soc. Biol., Paris, 109, 1932, 1327-1329;

Rivers, Jour. Exp. Med., 61, 1930, 965-

976; Rivers and Ward, ibid., 66, 1937,

1-14; Rivers et al., ibid., 69, 1939, 31-48;

Sanarelli, Cent. f. Bakt., I Abt., 55 ,

1898, 865-873; Shaffer, Am. Jour. Hyg.,

54 (B), 1941, 102-120; Shope, Jour. Exp.

Med., 66, 1932, 803-822; Smadel et al.,

ibid., 72, 1940, 129-138; Splendore, Cent,

f. Bakt., I Abt., Orig., 1909, 309-301

;

Stewart, Am. Jour. Cancer, 16 Suppl.,



FAMILY BORRELIOTACEAE 1247

1931, 2013-2028; Swan, Austral. Jour.

Exp. Biol, and Med. Sci., 19, 1941, 113-

115.

Strains and substrains : A strain from

cottontail rabbits {Sylvilagus «p.), differ-

ing from typical myxoma virus, has been

studied extensively under the name
fibroma virus. This strain in turn is rec-

ognized as consisting of variants and has

been investigated as typical (OA) and
infiammatory (lA) substrains, antigeni-

cally alike but the latter tending to

generalize in domestic rabbits. Fibroma

virus is not lethal in domestic rabbits as

the type strain almost always is; it

appears to lack some antigenic constitu-

ents, inducing the formation of agglu-

tinins that give cross reactions with the

type but of neutralizing and complement-

fixing antibodies that do not. The fi-

broma strain does not generally appear

in the blood stream, as myxoma virus

does, and is not contagious, at least it

does not spread spontaneously among
domestic rabbits as the myxoma strain

does; the manner of its spread in wild

rabbits in nature is not known. Its

particle size has been calculated as 126

to 141 millimicrons by centrifugation,

125 to 175 millimicrons by filtration.

(Ahlstrom, Jour. Path, and Bact., 46,

1938 , 461-472
; Andrewes ,

Jour . Exp .Med
.

,

6S, 1936, 157-172; Hoffstadt and Pilcher,

Jour. Inf. Dis., 68, 1941, 67-72; Hurst,

Brit. Jour. Exp. Path., 18, 1937, 1-30;

Austral. Jour. Exp. Biol, and Med. Sci.,

16, 1938, 53-64, 205-208; Hyde, Am. Jour.

Hyg., H, 1936, 217-226; Ledingham,

Brit. Jour. Exp. Path., 18, 1937,436-449;

van Rooyen, ibid., 19, 1938, 156-163; van

Rooyen and Rhodes, Cent. f. Bakt., I

Abt.,Orig., 14^, 1938, 149-153; Schlesinger

and Andrewes, Jour. Hyg., S7, 1937,

521-526; Shope, Jour. Exp. Med., S6,

1932, 793-822; 68, 1936, 33-41, 43-57,

173-178.
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FAMILY III. ERRONACEAE FAM. NOV.

Viruses of the Encephalitis Group, inducing diseases mainly characterised by ef>

feots on nerve tissues.

Key to the genera offamily Brronaceae.

I. Viruses of the Typical Encephalitis Group.

Genus I. Erro, p. 1248.

II. Viruses of the Poliomyelitis Group.

Genus II. Legio, p. 1257.

III. Viruses of the Rabies Group.

Genus III. Farmido, p. 1263.

Oenus 7. Erro gen, nov.

Viruses of the Typical Encephalitis Group, inducing diseases mainly characterized

by injuries to cells of the brain. Vectors of some known to be ticks
;
dipterous insects

ii.ay also transmit. Generic name from Latin erro, a vagrant.

The type species is Erro ecoiicue epee, nov.

Key to the species of genus Erro.

I. Affecting sheep principally, but also man.
1. Erro scoiicus,

II. Affecting man principally.

2. Erro silvesiris.

3. Erro incogniius.

4. Erro japonicus.

5. Erro nili.

6. Erro scelesius.

III. Affecting horse principally, but also man.

7. Erro equinus,

IV. Affecting horse, cow, sheep.

8. Erro bornensis.

1. Erro scoticus spec. noo. From Latin

Scoiicits, Scottish.

Common name: Louping-ill virus.

Hosts: BOVIDAE—Ovis aries L.,

sheep. ROMINIDAE—Homo sapiens

L., man. Experimentally, also mouse,

rat (subclinical infection), chick embryo
(discrete primary lesions on chorioallan-

toic membrane), Macacus rhesus, horse,

cow, pig.

Insusceptible species: Guinea pig,

rabbit.

Geographical distribution : Scotland,

northern England.

Induced disease : In sheep, encephalitis

characterized by dullness followed by
incoordination of movement, frequently

with tremors chiefly of the head ; saliva-

tion, champing of jaws
;
prostration, coma,

death. In man, encephaliti.s with

prompt and complete recovery accom-
panied by formation of specifle neutraliz-

ing antibodies. In mouse, ex{>erimen-

tally, diffuse encephalomyelitis with mild

meningeal involvement; following intra-

cerebral inoculation, fine rhythmical

tremor involving neck, nose, and ears,

unsteadiness, muscle spasms, respiratory

distress, sometimes clonic and rarely

tonic convulsions; hind limb paralysis,

dribbling of urine, cessation of spontane-

ous limb movements, death; in mouse
inoculated intraperitoneally, virus usu-

ally enters central nervous system by
way of the olfactory mucosa and olfactory

bulb, occasionally by trauma at points of
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damage ; in mouse inoculated intranasally^

virus enters blood and reaches the olfac-

tory bulb where it multiplies to a high

concentration before infecting the re-

mainder of the brain and the rest of the

nervous system
; tends to disappear from

the blood after sickness begins but per-

sists in the brain until death from
encephalitis. In chick embryo, after

inoculation of chorioallantoic membrane,
edema and opacity spreading from site

of inoculation on membrane of 10-day

embryo
;
in 12-day eggs, discrete primary

lesions, sometimes with secondary lesions

surrounding them on the inoculated mem-
brane ;

embryo dies in about 6 days, after

showing jaundice, edema, mottling of the

liver with necrosis; virus regularly in

blood. In monkey, Macacus rhesus,

progressive cerebellar ataxia
;
encephalo-

myelitis with involvement and massive

destruction of Purkinje cells in the cere-

bellum.

Transmission : By ticks, Rhtpicephalus

appendiculatus B.nd Ixodes ricinus (IXO-
DIDAE), In Rhtpicephalus appendicu-

latus, the larva or nymph becomes in-

fected ; only a few individuals retain virus

until the adult stage ; virus does not pass

through the egg. Non-viruliferous ticks

do not acquire virus by feeding with

infective ticks on immune animals. Ex-
perimentally, by intracerebral or intra-

peritoneal injection in mouse ;
by intra-

nasal instillation in rat, mouse, and
monkey.

Serological relationships : Complement
fixation and neutralization tests show

cross reactions with Russian spring-

summer encephalitis virus, but immune
serum against louping-ill virus is only

partially effective in neutralizing the

spring-summer encephalitis virus.

Immunological relationships : Mice are

protected against louping-ill virus by

vaccination with non-virulent spring-

summer encephalitis virus but protection

is less effective than for the homolc^us

virus. No cross immunity with respect

to Rift Valley fever virus or poliomyelitis

virus in Maeaeus rhesus, but immunity

with respect to reinfection by louping-ill

virus has been demonstrated.

Thermal inactivation: At 58^ C in 10

minutes.

Filterability : Passes Berkefeld V, N,
and W filters.

Other properties: Viable in broth fil-

trates after storage at 4° C and pH 7.6

to 8.6 for 70 days. Particle diameter, cal-

culated from ultrafiltration data, 15 to 20

millimicrons.

Literature : Alexander and Neitz, Vet.

Jour., 89, 1933, 320-323; Onderstepoort

Jour. Vet. Sci. and Anim. Industr., J,

1035, 15-33; Alston and Gibson, Brit.

Jour. Exp. Path., 19, 1931, 82-88; Burnet,

Jour. Path, and Bact., 4^, 1936, 213-225;

Brit. Jour. Exp. Path., 17, 1936, 294-301

;

Burnet and Lush, Austral. Jour. Exp.
Biol, and Med. Sci., 16, 1938, 233^240;

Casals and Webster, Science, 97, 1943,

240-248; Jour. Exp. Med., 79, 1944,

45-63; Elford and Galloway, Jour. Path,

and Bact., 57, 1933, 381-392; Findlay,

Brit. Jour. Exp. Path., 18, 1932, 230-236;

Fite and Webster, Proc. Soc. Exp. Biol,

and Med., 81, 1934, 690-696; Galloway

and Perdrau, Jour. Hyg., 86, 1935, 339-

346; Hurst, Jour. Comp. Path, and
Therap., 44, 1931, 231-245; M'Fadyean,

Jour. Comp. Path, and Therap., 7, 1894,

207-219; 18, 1900, 145-154; Pool et al.,

ibid., ^8, 1930, 253-290; Rivers and
Schwentker, Jour. Exp. Med., 69, 1934,

669-685; Schwentker et al., ibid,, 67,

1933, 955-065.

2. Erro silvestrls spec. nov. From
Latin silvestris, of the forest, in reference

to incidence of the induced disease almost

exclusively in those who enter forest

lands.

Common names: Spring-summer en-

cephalitis virus, forest spring encephalitis

virus.

Hosts: Man; probably cattle, horse;

Eutamias asiaticus orientodis, EvoUmys
rufocanus arsenjevi. Experimentally,

also white mouse, Macacus rhesus, birds,

goat, sheep, Microtus miehnoi peUieeus

Thom., Cricetulus furunculus.
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GcrpTsrlncDl diptribution : Union of Geographical distribution: Australia.

Soviet Socialist Republics.

Induced disease : In man, acute non-

suppurative encephalitis, abrupt onset,

steep rise of temperature to 38 to 40° C,

severe headache, giddiness, and vomit-

ing; pareses and paralyses of upper or

lower limbs or muscles of neck and back

;

residual atrophic paralyses common

;

mortality among cases, 30 per cent; 80

per cent of all cases occur in May and

June.

Transmission : By tick, Ixodes persul-

catus (IXODIDAE) ;
the virus seems to

hibernate in this species and has proved

capable of passing through eggs to prog-

eny. Experimentally, also by ticks

Dermacenior silvarum and Haemaphysa-

lisconcinna {IXODIDAE).
Serological relationships : Virus-neu-

tralizing antibodies, found without other

evidence of disease in some men and in

many cattle and horses, believed to indi-

cate susceptibility of these hosts to latent

infections. No cross neutralization w’ith

St. Louis encephalitis virus. Japanese

summer encephalitis virus is in part

antigenically related, but some antigenic

constituents of this virus arc missing in

spring-summer encephalitis virus and

vice versa.

Immunological relationships: Formol-

ized virus immunizes specifically.

Filterability : Passes Berkefeld and

Chamberland filter candles.

Literature: Smorodintseff, Arch. f.

gesamt. Virusforsch., 1, 1940, 468-480;

Soloviev, Acta Med. U. R. S. S., 1, 1938,

484-492 (Biol. Abst., 17, 1943, 1726, no.

18777).

3. Erro Incognltus spec. nov. From
Latin incognittts, unknown, in reference

to mystery surrounding the nature and
relationships of this virus, as evidenced

by common name.

Common name: Australian X-disease

virus.

Hosts : HOMINIDAE—Homo sapiens

L., man. Experimentally, also sheep,

horse, cow, rhesus monkey.

Induced disease : In man, polioenceph-

alitis, especially in children, occurring

in late summer; mortality high; charac-

terized by headache, body pains, drowsi-

ness, weakness, then vomiting, fever,

convulsions; paralysis of limbs, eye-

muscles, or face rare
;
recovery rapid in

non-fatal cases.

Literature: Kneebone, Austral. Jour.

Exp. Biol, and Med. Sci., 5, 1926, 119-

127; Perdrau, Jour. Path, and Bact., 4-^,

1936, 59-65.

4. Erro japonicus spec. nov. From
New Latin Japonia, Japan.

Common name : Japanese B encepha-

litis virus.

Hosts : IIOMIN IDAE—Homo sapiens

L., man. Experimentally, also young
sheep, mouse, and Macacus rhesns.

Geographical distribution: Japan,

Union of Soviet Socialist Republics.

Induced disease : In man, loss of appe-

tite, drowsiness, nausea, then rapid rise

of temperature, pains in joints and chest

;

restlessness followed by apathy, coma;
death, usually before end of second week,

or recovery, sometimes with jKjrsistence

of evidences of damage done to the nerv-

ous system by the disease.

Serological relationships : Specific anti-

serum does not neutralize St. Louts en-

cephalitis virus or louping-ill virus. Rus-
sian autumn-encephalitis virus induces

the formation of antisera neutralizing

Japanese B encephalitis virus. Russian

spring-summer encephalitis virus con-

tains some, but not all, antigens in com-

mon with this virus. Australian X-dis*

ease virus is distinct in neutralization

tests.

Immunological relationships: Specific

immunity as a result of earlier infection

in mice; no cross protection with respect

to St. Louis encephalitis virus. Vac-

cination with Japanese B encephalitis

virus does not enhance resistance to

West Nile encephalitis virus but only to

the homologous virus.



1252 MANUAL OF DETERMINATIVE BACfTERIOLOGY

rat. MUSCICAPIDAE-^Turdua mi-

robin. PHASIANIDAE—
Gallua gallus (L.), chicken; Lophortyx

californica, California quail. PICIDAE
AcyndcBMUi lewis

^

Lewis woodpecker;

Colapies cafer (Gm.)i red-shafted flicker.

STR101DAAT— Bubo virginianus (Gm. )

,

great horned owl. SUIDAE—Sue scrofa

L., pig. Experimentally, white mouse
(some substrains of the Swiss white

mouse are genetically more readily in-

fected than others); Maeacua rhesus

\

pigeon (inapparent infection); chick

embryo and to a limited extent the young
hatched chick.

Insusceptible species : Laboratory rab-

bit, Cehvx monkey, guinea pig, rat.

Geographical distribution ; United

States.

Induced disease : In man, during sum-
mer and fall, about 9 to 21 days after ex-

posure, headache, high fever, rigidity of

neck, tremors
;
encephalitis, usually with

fever; some patients become drowsy,

others sleepless or delirious; usual se-

quelae headaches, irritability, some loss

of memory, and drowsiness ;
neutralizing

antibodies maintained in vivo at least

2| years after occurrence of disease.

Experimentally, in susceptible strains of

white mouse inoculated by intracerebral

injection, after 3 to 4 days, coarse tremors,

convulsions, prostration, death; perivas-

cularaccumulations of mononuclear leuco-

cytes throughout brain, stem, cord, and
pia, with destruction of pyramidal cells

in the lobus piriformis and cornu Am-
monia ; subcutaneous and intraperitoneal

injections immunize against subsequent

infection by intracerebral inoculation,

virus reaching only blood and spleen in

the process of immunization unless an
excessive dose is given; some substrains

of the White Swiss mouse are relatively

resistant to infection, requiring inocula-

tion with about 1000 times the minimal

infective dose for highly susceptible

strains and when infected proving rela-

tively poor sources of virus for subinocu-

lation; highly susceptible substrains of

the White Swiss mouse lack a single

major, dominant, genetic factor that is

present in resistant substrains.

Transmission : By mosquito, Culex tar-

salis Coquillett {CULICIDAE)^ prob-

ably extensively; this insect has been

collected in nature carrying the virus.

Experimentally, by larvae of American
dog tick, Dermacentor variabilis (Say)

(IXODIDAE); by mosquito, Culex

pipiens Linn., vut, pollans Coq. (CULI-
CIDAE), To mice, by feeding on in-

fected tissues.

Serological relationships : Human anti-

sera may neutralize virus after clinical

and subclinical attacks.

Immunological relationships: Specific

intracerebral immunity after vaccination

by subcutaneous or intraperitoneal injec-

tion in mice appears early (about 1 week
after vaccination) and disappears before

humoral antibody titer reaches its max-
imum.
Thermal inactivation; At 56® C in 30

minutes.

Filterability : Passes Berkefeld V and
N filter candles and collodion membranes
66 millimicrons in average pore diameter.

Other properties: Storage in human
brain tissue in glycerine inactivates this

virus in about 32 days. Diameter of

infective particle calculated from filtra-

tion data as about 20 to 33 millimicrons.

In storage, rabbit and sheep sera act to

some extent as preservatives. At 4® C,

after drying in vacuo while frozen, viable

in apparently undiminished titer for at

least 17 months.

Literature: Bang and Reeves, Jour.

Inf. Dis., 70, 1942, 273-274
;
Bauer et al.,

Proc. Soc. Exp. Biol, and Med., 51, 1934,

696-699; Blattner and Cooke, Jour. Inf.

Die., 70, 1942, 226-230; Blattner and
Heys, Proc. Soc. Exp. Biol, and Med.,

4^, 1941, 707-710; Cook, Jour. Inf. Dis.,

05, 1938, 206-216; Cook and Hudson,
ibid,, 61, 1937, 289-292; Elford and
Perdmu, Jour. Path, and Bact., 40, 1935,

143-146
; Hammon and Howitt, Am. Jour.

Hyg., 55, 1942, 163-185; Hammon et al.,

Science, 94, 1941, 305-307, 323-330; Jour.

Inf. Dis., 70, 1942. 263-266, 267-272, 278-
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283; Harford and Bronfenbrenner, Jour.

Inf. Dis., 70, 1942, 62-68; Harrison and
Moore, Am. Jour. Path., IS, 1937, 361-

375; Hodes, Jour. Exp. Med., 69, 1939,

633-543; Hodes and Webster, ibid., 68,

1938, 263-271
;
Lennette and Smith, Jour.

Inf. Dis., 66, 1935, 252-254; Mitamura et

al., Trans. Soc. Path. Jap., 27, 1937, 573-

580; Muckenfuss et al., U. S. Pub. Health

Service, Public Health Rept., 48, 1933,

1341-1343; OTjcary et al.. Jour. Exp.

Med., 76, 1942, 233-246; Reeves et al.,

Proc. Soc. Exp. Biol, and Med., 60, 1942,

125-128; Sulkin et al.. Jour. Inf. Dis., 67,

1940, 252-257
;
Webster, Jour. Exp. Med.,

65, 1937, 261-286; ^8, 1938, 111-124; Web-
ster and Clow, ibid., 6S, 1936, 433-448,

827-815; Webster and Fite, ibid., 61,

1935, 103-114, 411-422; Webster and

Johnson, ibid., 74, 1941, 489-494
;
Webster

et al., 8/, 1935, 479-487; 8;?, 1935, 827-847.

7. Erro cquinus spec. not;. From Latin

egutnus, pertaining to horses.

Common name : Equine encephalitis

virus.

Hosts: EQUIDAE—Equus caballus

L., horse ; Fi hybrid of the horse and E.

ostni^ L., mule. HOMINIDAE—Homo
sapiens L., man. COLUMBIDAE—
Columba livia, domestic pigeon. PHA-
SIANIDAE—ring-necked pheasant.

TETRAONIDAE—Tympanuchns cup-

ido L., var. americanus (Reichenbach),

prairie chicken. Many additional spe-

cies have been found to show neutralizing

antisera at times and these are presum-

ably natural hosts of the virus upon occa-

sion; among them are: ANATIDAE—
Anas platyrkyncha L., Mallard and

Pekin ducks; Anscr anser (L.), domestic

goose. BOVIDAE—BosiaurusL., cow;

Capra hircus L., goat

;

Ovis aries L., sheep.

CANIDAE—Canis familiaris L., dog.

CHARADRIIDAE—Oxyechus vociferus

L., killdeer. CRICETIDAE—Microtu^
monlanus (Peale), field mouse

;
Peromys-

cus maniculatus (Wagner), white-footed

mouse. FALCONIDAE—Falco spar-

verius L., sparrow hawk. MELEAORI-
DAE-^Meleayris gallopavo L., turkey.

MURIDAE—Raitus ratius L., black

rat. MuseICAPIDAE—Turdus mt-
gratorius L., robin. MUSTELIDAE--
Mustela frenaia Lichtenstein, weasel.

PHASIANIDAE—Gallus gallus (L.),

chicken; Lophortyx californica, Cali-

fornia quail
;
Phasianus colchictis L., ring-

necked pheasant. PICIDAE—Colaptes
cafer (Gm.), red-shafted flicker. STRI-
GIDAE—Bvbo virginianus (Gm.), great

horned owl. SUIDAE—Sus scrofa L.,

pig. Experimentally, also chick embryo,
goose embryo, pheasant embryo, robin

embryo, pigeon embryo, turkey embryo,
sparrow embryo, duck embryo, and gui-

nea-fowl embryo; white mouse, guinea

pig, rabbit, pigeon, white rat, calf, sheep,

monkey, goat, dog, hen, turkey; Zono-

trichia leucophrys gambeli, Gambel spar-

row; Passer domesticus L., English

sparrow; Lophortyx californica, quail;

Junco oreganus, junco; Toxostoma lecon-

tei lecontei, thrasher ; Citellus richardsonii

(Sabine), gopher or Richardson’s ground

squirrel
;
Sigmodon hispidus Say and Ord,

cotton rat ;
Dipodomys keermanni Le

Conte, kangaroo rat; Reiihrodontomys

megalatus, wild mouse; Microtus mon-
tanus, M. californicus and M. mordax,

wild mice ;
Peromyscus maniculatus (Wag-

ner), white-footed mouse; Neotoma fus-

cipes Baird, wood rat; Sylvilagus bach-

mani (Waterhouse), brush rabbit; S.

audubonii (Baird), cottontail rabbit;

Canisfamiliaris L., dog (puppies) ; Anser

cinereus, goose; Anas boscas L., duck;

Circus rufus (Gm.), hawk; Turdus

merula L., blackbird; Ciconia ciconia L.,

white stork; Vultur fulvus Briss., tawny
vulture; Marmota monax (L.), wood-

chuck; Microtus pcnnsylvanicus (Ord.),

field vole; Speotyio cunicularia hypugaea

(Bonaparte), western burrowing owl;

Molothrus ater (Boddaert), cowbird;

common quail or bob-white.

Insusceptible species: Frog (cat and

opossum reported as “refractory”).

Geographical distribution : United

States, Canada, Argentina.

Induced disease : In horse, initial fever,

then signs of fatigue, somnolence ; occa-
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sional excitability followed by incoor-

dinated action of limbs, disturbed equilib-

rium, grinding of teeth, paresis and varied

paralyses; frequently inability to swal-

low, paralysis of lips and bladder, amauro-

sis ; case fatality about 50 per cent

;

recovery without sequelae in mild cases

;

death within 3 to 8 days in severe cases.

In man (children particularly vulnera-

ble), a profound, acute, disseminate and
focal encephalomyelitis characterized by
intense vascular engorgement, perivascu-

lar and parenchymatous cellular infiltra-

tion and extreme degenerative changes in

the nerve cells. In chick embryo, ex-

cessive increase of virus continuing until

just before host’s death, virus being found

eventually throughout the egg but most

concentrated in the embryo; vaccines

made from virus grown in chick embryo
and then inactivated are especially effec-

tive because of the high titer of virus

represented in them
;
increased resistance

with age characteristic of chorioallantoic

membrane as well as of hatched chick;

rounded acidophilic masses occur usually

near periphery of nucleus in embryonic

nerve cells
;
no such inclusions are found

as a result of infection with Borna disease

virus or poliomyelitis virus.

Transmission : Experimentally by tick,

Dermacenior andersoni Stiles (IXODI-
DAE)f passing through eggs to offspring;

this tick is infective to susceptible ani-

mals on which it feeds as larva, nymph or

adult. Experimentally by Aedes aegypii

L. (to guinea pig and horse, preinfective

period 4 to 5 days
;
insects retain virus for

duration of life ; not to eggs of infected

mosquitoes; not passed from males to

females or by males from female to fe-

male), A. albopictuB, A. atropalpvs, A,

carUaiOTf A. dorsalis
^
A, nigromaculiSf A.

sollicitanSf AAaeniorhynckus^ A.iriseria-

tus, and A. vexans (CULICIDAE).
Triatoma sanguisuga (Le Conte) {RE-
DUVIIDAE) has been found infected

in nature and has transmitted virus ex-

perimentally to guinea pigs. The Ameri-

can dog tick, Dermacenior variabilis Say
{IXODIDAE) has been infected by

inoculation, not by feeding; it has not

been shown to transmit.

Serological relationships : Neutralizing

antibodies are formed as a result of vac-

cination with inactive, formolized virus;

antigenicity of formalin-inactivated virus

as well iis of active virus is blocked in the

presence of antiserum. In rabbit, cere-

bral resistance is coincident with pres-

ence of neutralizing antibody in spinal

fluid. In guinea pig, therapy with spe-

cific antiserum ineffective if begun after

onset of encephalitis; effective if begun

within 24 to 48 hours of peripheral inocu-

lation. No cross neutralization reaction

with lymphocytic choriomeningitis virus,

Japanese B encephalitis virus or St. Louis

encephalitis virus. Constituent strains

(typical Western and L^stern) do not

give cross neutralization reactions, but

do show the presence of common antigens

by cross reactions in complement fixation

not shared with such other viruses as

Japanese B encephalitis virus, St. Louis

encephalitis virus. West Nile encepha-

litis virus, lymphocytic choriomeningitis

virus. Sera of human cases may be nega-

tive by complement fixation tests a few

days after onset, yet strongly strain-

specific during second week of illness.

Immunological relationships : Young of

immunized guinea pigs are immune to

homologous strain at least a month after

birth. No cross immunity between

Western and Eastern strains of equine

encephalitis virus.

Thermal inactivation : At 60° C, not at

56° C, in 10 minutes.

Filterability : Passes collodion mem-
branes 66, not 60, millimicrons in average

pore diameter. Passes Berkefeld V, N,

and W, finest Mandler, and Seitz filters.

Other properties: Inactivated below

pH 5.5. Viable at least a year, dry in

vacuum. Particle diameter estimated

from filtration experiments to be 20 to 30

millimicrons. Electron micrographs

show particles as spherical or disk-

shaped, about 39 millimicrons in diameter

with round or oval region of high density

within each; older preparations show
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comma-shaped particles. Sedimentation
constant, mean 265.5 X 10“^* ± 5.4 X
10~'* (range 252 to 276 X 10"^*). Specific

volume 0.864. Molecular weight of lipo-

nucleoprotein complex behaving as the

virus calculated as 152 million, approxi-

mately 250 particles giving 50 per cent

infection; material contains 4 per cent

carbohydrate. Absorption of ultraviolet

light reaches a peak at about 2600 A., a

broad minimum at about 2450 A., and an
increase at 2200 A.

Strains : The Western strain (so-called

Western equine encephalitis virus) may
be considered as type of a large group of

variants met in nature; some produce

clinically milder disease than others

(Bircli, Am. Jour. Vet. Res., 2, 1941,

221-226)
;
they may change in virulence

on passage in experimental hosts. The
Kastern strain (so-called Kastern equine

encephalitis virus) has been studied ex-

tensivel}^ also, and has been found to

difTer from the type strain especially : in

more raj)id course of induced disease in

the horse; in being experimentally trans-

missible to sheep, pig, dog, cat and the

Kun^peaii hedgehog; in its localization in

eastern coast states and absence from the

area between California and Wisconsin,

where the type strain is found; in failure

experimentally to infect A'edes aegypti

unless inoculated into body cavity by

needle puncture, whereupon it persists

and can Iw transmitted; and in failure of

cross-neutralization with the western

strain. A strain produced by serial

passage in pigeons is reix)rtcd to have

caused no obvious reaction in horses but

to have induced the formation of neu-

tralizing antibodies. A Venezuelan

strain differs from the type in comple-

ment -fi.xat ion reactions; it induces in

man a mild disease, characterized by

malaise, fever, headache or drowsiness,

and uneventful recovery (Casals et al.,

Jour. Exp. Med., 77, 1943, 521-530).

Literature: Bang, Jour. Exp. Med.,

77, 1943, 337-344; Bauer et al., Proc. Soc.

Exp. Biol, and Med., SS, 1935, 378-382;

Beard et al., Science, 87, 1938, 490; Birch,

Am. Jour. Vet. Res., 2, 1941, 221-226;

Casals and Palacios, Science, 94, 1941,

330; Coveil, Proc. Soc. Exp. Biol, and
Med., 32, 1934, 51-53

;
Cox, ibid., S3, 1936,

607-609; Cox and Olitsky, Jour. Exp.
Med., 63, 1936, 745-765

; 64, 1936, 217-222,

223-232; Cox et al., U. S. Pub. Health
Service, Public Health Kept., 66, 1941,

1905-1906; Davis, Am. Jour. Hyg., 32

(C), 1940, 45-59; Eklund and Blumstein,

Jour. Am. Med. Assoc., Ill, 1938, 1734-

1735; Feemstcr, Am. Jour. Public Health,

28, 1938, 1403-1410; Finkelstein et al..

Jour. Inf. Dis., 66, 1940, 117-126; Fother-

gill and Dingle, Science, 88, 1938, 549-

550; Fothergill et al.. New' England Jour.

Med., 219, 1938, 411
;
Giltner and Shahan,

Science, 78, 1933, 63-64; Jour. Am. Vet.

Med. Assoc., 88, (N.S. 41), 1936, 363-374;

Graham and Levine, Am. Jour. Vet. Res.,

2, 1941, 430-435; Grundmann et al., Jour.

Inf. Dis., 72, 1943, 163-171
; Havens et al..

Jour. E.xp. Med., 77, 1943, 139-153
;
Higbie

and How’itt, Jour. Bact., 29, 1935, 399-

406; How'itt, Jour. Inf. Dis., 65, 1934,

138-149; 61, 1937, 88-95; 67, 1940, 177-

187; Science, 88, 1938, 455-456; Howitt

and Van He rick, Jour. Inf. Dis., 71, 1942,

179-191
;
Reiser, Jour. Am. Vet. Med.

Assoc., 82, 1933, 767-771 ;
King, Jour. Exp.

Med., 71 , 1940, 107-112
; 76, 1942, 325-334

;

Kitselman and Grundmann, ICansas Agr.

Exp. Sta., Tech. Bull. 50, 1940, 1-15;

Merrill and TenBroeck, Jour. Exp. Med.,

62, 1935, 687-695; Meyer et al.. Science,

74, 1931, 227-228; Mitchell et al., Cana-

dian Jour. Comp. Med., 3, 1939, 308-309;

Morgan, Jour. Exp. Med., 74, 1941, 115-

132; Morgan et al., ibid., 76, 1942, 357-

369; Olitsky et al., ibid., 77, 1943, 359-

374; Remlinger and Bailly, Compt. rend.

Soc. Biol., Paris, 121, 1936, 146-149; 122,

1936, 518-519; 123, 1936, 562-563; Sabin

and Olitsky, Proc. Soc. Exp. Biol, and

Med., 38, 1938, 597-599; Sellards et al.,

Am. Jour. Hyg., 33 (B), 1941, 63-68;

Shahan and Eichhorn, Am. Jour. Vet.

Res., 2, 1941, 218-220; Sharp et al., Proc.

Soc. Exp. Biol, and Med., 61, 1942, 206-

207; Arch. Path., 36, 1943, 167-176;

Syverton and Berry, ibid., 34, 1936. 822-
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824; Jour. Bact., 55, 1937, 60; Am. Jour.

Hyg., 55 (B), 1940, 19-23 ; 55 (B), 1941,

37-41; Jour. Exp. Med., 75, 1941, 507-

529; Taylor et al., Jour. Inf. Dis., 57,

1940, 59-66; 69, 1941, 224-231; 75, 1943,

31-41
;
TenBroeck, Arch. Path., 55, 1938,

759 (Abet.); TenBroeck and Merrill,

Proc. Soc. Exp. Biol, and Med., 51, 1933,

217-220; TenBroeck et al.. Jour. Exp.

Med., 55, 1935, 677-685; Traiib and Ten
Broeck, Science, 81, 1935, 572; Tyzzer

and Sellards, Am. Jour. Hyg., 55 (B),

1941, 69-81; Tyzzer et al.. Science, 88,

1938, 505-506; van Roekel and Clarke,

Jour. Am. Vet. Med. Assoc., 94 (N.S. 47),

1939, 466r-468; Webster and Wright,

Science, 88, 1938, 305-306; Wesselhoeft

et al., Jour. Am. Med. Assoc., Ill, 1938,

1735-1740; Wright, Am. Jour. Hyg., 55,

1942, 57-67.

8. Erro bomensis spec. nov. From
Borna, name of a town in Saxony where

a severe epizootic occurred in 1894 to

1896.

Common name : Borna-disease virus.

Hosts : Horse, cow, sheep, perhaps deer.

Experimentally, also rabbit, guinea pig,

rat (more susceptible when old than when
younger), mouse; Macaca mulatta (Zim-

mermann), rhesus monkey.

Insusceptible species: Ferret, cat,

pigeon; probably dog.

Geographical distribution : WOrtem-
burg, Germany, North and South Amer-
ica, Hungary, Russia, Belgium, France,

Italy, Roumania.

Induced disease : In horse, encephalo-

myelitis characterized by lassitude, in-

difference to external stimuli
; later

intermittent excitement, difficulty in

mastication and deglutition, spasms in

various muscles, champing, excessive

salivation
;
pupils unequal in size

; paraly-

sis of hindquarters, tail, muscles of

tongue, or muscles of back; temperature

usually normal ; death in 20 to 37 hours

or, less often, recovery after about 1 to 3

weeks. Virus may pass placenta and
infect fetus in pregnant animals.

Transmission: To rabbit, experimen-

tally by feeding and by injection in-

tracerebrally, intraocularly, nasally,

intravenously, subcutaneously, or intra-

peritoneally ;
not by living in same cage.

Immunological relationships : No cross

immunity conferred by the Western

strain of equine encephalomyelitis virus.

Isolate of Borna disease virus from the

horse immunizes rabbits against isolate

from sheep, and vice versa. Herpes and
rabies viruses do not immunize rabbits

against subsequent infection by Borna

disease virus.

Thermal inactivation : At 50 to 57® C in

30 minutes; at 70° C in 10 minutes.

Filterability : Passes Berkefeld N and
Mandler filters, but with difficulty.

Passes collodion membranes of average

pore diameter 400 millimicrons readily,

200 millimicrons with difficulty, 175 milli-

microns not detectibly. May be sep-

arated by differential filtration from

louping-ill virus, which will pass even a

125-millimicron membrane.

Other properties: Particle size esti-

mated from filtration data as 85 to 125

millimicrons. Optimum pH for stability

in broth at 15 to 20° C is 7.4 to 7.6; very

sensitive to greater alkalinity. Viable

after 327 days dry at laboratory tempera-

tures. Viable at least 6 months in 50 per

cent glycerine. Inactivated by putre-

faction in 5 days ;
by 1 per cent carbolic

acid in 4, not in 2, weeks.

Literature: Barnard, Brit. Jour. Exp.

Path., 14, 1933 ,
205-206; Coveil, Proc.

Soc. Exp. Biol, and Med., 55, 1934, 51-53;

Elford and Galloway, Brit. Jour. Exp.

Path., 14, 1933, 196-205; Howitt and
Meyer, Jour. Infect. Dis., 64, 1934 ,

364-

367; Nicolau and Galloway, Brit. Jour.

Exp. Path., 8, 1927, 336-341, and in

Medical Research Council, Special Re-

port Series No. 121, London, 1928, 90 pp.,

Ann. Inst. Pasteur, 44, 1930, 673-696; 46,

1930, 457-523 ; Zwick et al., Ztschr. Infek-

tioDskr. parasit. Krankh. u. Hyg. d.

Haustiere, 50, 1926, 42-136 ; 55, 1927,

150-179.
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Genus II. Leglo gen. nov.

Viruses of the Poliomyelitis Group, often recoverable from feces of infected hosts,
probably because of involvement of some part of the alimentary tract

; usually there is

also obvious involvement of some part of the nervous system. Generic name from
Latin legio^ an army or legion.

The type species is Legio debilitans spec. nov.

Key to the species of genus Legio.

I. Affecting man (see also IV below).

II. Latent in, or affecting, mouse.

III. Affecting birds.

IV. Affecting swine and swineherds.

1. Legio debilitans spec. nov. From
Latin debilitarCy to weaken or maim.

Common names : Poliomyelitis virus,

virus of infantile paralysis.

Hosts : HOMINIDAE—Homo sapiens

L., man. Experimentally, Cercopithecus

aeihiops sabaeus, green African monkey;

Macaca mordax; M. mulatia, the rhesus

monkey; M. trws, the cynomolgus mon-

key; mona monkey; for some isolates,

Sigmodon hispidus Say and Ord, cotton

rat ;
mouse

;
guinea pig

;
white rat.

Insusceptible species: Sheep (‘*refrac-

tory**but forms neutralizing antibodies),

chicken.

Geographical distribution : Almost

world-wide.

Induced disease : In man, probably sub-

clinical in most cases, in view of the

presence of specific antibodies in sera

from the great majority of adults in all

parts of the world
;
virus probably infects

some part of the alimentary tract, being

found in stools of most clinical cases, of

most apparently healthy contacts, and

even of some individuals who have recov-

ered from abortive attacks (in one case

123 days after attack); clinical disease,

largely in children, is characterized by

invasion of central nervous system, with

effects ranging from sore throat, fever,

1. Legio debilitans.

2. Legio erebea.

3. Legio simulans.

4. Legio muris.

5. Legio gallinae.

6. Legio suariorum.

vomiting, and headache to sudden and
severe paralysis

;
the muscles most often

involved are those of the legs, but there

may be paralysis of abdominal or inter-

costal muscles. Virus not in urine or

saliva, rarely in nasal washings
; more of-

ten in stools of young than of old patients

;

in walls of pharynx, ileum, descending

colon. Virus has been recovered from
sewage. Incidence and fatality affected

by racial characteristics, the first lower

and the second higher in negroes than in

whites in the United States. In monkey,
similar disease, no virus in blood, relapse

with reappearance of virus reported; in

isolated intestinal loops, infection does

not occur through normal mucosa in

absence of intestinal contents; disease

more severe in summer than in autumn,

in autumn than in winter ; more severe in

older than in younger monkeys; no im-

munity follows inoculation unless obvious

disease occurs.

Transmission : Transmission in milk

has been suspected and at times con-

firmed. Virus has been recovered from

mixed samples of flies in an epidemic

area. No definite arthropod vector has

been incriminated. Experimentally, in

Cercopithecus aethiops sabaeus
^ the green
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African monkey, by intracerebral, intra-

nasal, and intraabdominal inoculation.

Serological relationships : Specific neu-

tralizing antibodies arise after experi-

mental infection in monkeys, but rein-

fection is not prevented ;
only a minority

of human convalescent sera neutralize

virus in vitrOj the most potent sera prob-

ably being obtained from those with

transient or light paralysis. Cross neu-

tralization between monkey-passage and

murine (cotton-rat and mouse) strains.

No cross-neutralization reaction with

lymphocytic choriomeningitis virus. Is-

olates differ somewhat antigenically,

homologous titers being higher than

heterologous titers in some neutralization

tests.

Thermal inactivation : At or below 75®

C in 30 minutes.

Filterability : Passes membrane about

35, not 30, millimicrons in average pore

diameter.

Other properties : Infectivity of virus

maintained well at —76® C or in glycerine

but poorly when dried or just frozen.

Inactivated readily by hydrogen

peroxide. Particle diameter estimated

as about 12 millimicrons by filtration

studies. Precipitated by Iialf-saturated

ammonium sulphate solutions. Electron

micrographs show elliptical particles 20

to 30 millimicrons in diameter; impure

infectious materials show long threads

20 by 75 to 5(X) millimicrons in size.

Component probably virus has sedimenta-

tion constant Sm* ** 62 X 1(1~“ cm per

sec. per dyne. Inactivated by potassium

hydroxide, copper sulfate and potassium

permanganate. Stable from pH 2.2 to

10.4 for 2 hours at 37® C.

Literature: Armstrong and Harrison,

U. S. Pub. Health Service, Public Health

Rept., 60, 1935, 725-730; Aycock, Am.
Jour. Hyg., 7, 1927, 791-803; Burnet and
Jackson, Austral. Jour. Exp. Biol, and
Med. Sci., 17, 1939, 261-270; 18, 1940,

361-366; Burnet et al., ibid., 17, 1939,

253-260, 375-391; Elford et al., Jour.

Path, and Bact., 40, 1935, 135-141
; Flex-

ner. Jour. Exp. Med., 68, 1935, 787-804;

68, 1936, 209-226; ^5, 1937, 497-513; Card,

ibid., 71, 1940, 779-785; Gordon and Len-

nette, Jour. Inf. Dis., 64, 1939 ,
97-104;

Harmon, ibid., 68, 1936, 331-336; Ilcaslip,

Austral. Jour. E.\p. Biol, and Med. Sci.,

16, 1938, 285-286; Howitt, Jour. Inf. Dis.,

61, 1932, 565-573
;
63, 1933, 145-156

;
Hud-

son and Ijennette, Am. Jour. Hyg., 17,

1933, 581-586; Jungeblut and Bourdillon,

Jour. Am. Med. Assoc., 183, 1943, 399-

402; Jungeblut and Sanders, Jour. Exp.

Med., 72, 1940, 407-436 ;
7(?. 1942, 127-142;

Jungeblut et al., ibid., 76, 1942, 611-629;

76, 1942, 31-51; Kessel et al., Am. Jour.

Hyg., 27, 1938, 519-529; Jour. Exp. Med.,

74, 1941, 601-609; Kolmer et al.. Jour. Inf.

Dis., 6i, 1937, 63-68; Kranu'r et al.. Jour.

Exp. Med., 69, 1939, 46-67
;
Dmnette and

Hudson, Jour. Inf. Dis., 68, 1936, 10-14;

Loring and Schwcrdt, Jour. Exp. Med.,

75, 1942, 395-406 ;
McC'lurc and Dingmuir,

Am. Jour. Hyg., 85, 1942 ,
285-291; Mel-

nick. Jour. Exp. Med., 77, 1943, 195-204

;

Moore and Kessel, Am. Jour. Hyg., 38,

1943, 32;i-344; Moore et al., ibid., 36,

1942, 247-254; Morales, Jour. Inf. Dis.,

46, 1930, 31-35; Olitsky and (’ox. Jour.

Exp. Med., 63, 1936, 100-125; Paul et al.,

Am. Jour. Hyg., 17, 1933 ,
587-fiOO; 601-

612; Jour. Exp. Med., 71, 1940, 765-777;

Sabin, ibid., 69, 1939, 507-516; Siibin and
Olitsky, ibid., 68, 1938, 39-61

;
»S:ibin and

Ward, ibid., 73, 1941, 771-793; 74, 1942,

519-529; 75, 1942, 107-117; Sabin et al.,

Jour. Bact., 31, 1936, 35-36 (Abst.);

Sanders and Jungeblut, Jour. Exp. Med.,

75, 1942, 631-649; Schultz and Gcbhardt,

Jour. Inf. Dis., 70, 1942 ,
7-50; Schultz

and Robinson, ibid., 70, 1942, 19JI-200;

Stimpert and Kessel, Am. Jour. Hyg.,

29, (B), 1939
,
57-66; Theiler, Medicine,

20, 1941, 443-462; Theiler and Bauer,

Jour. Exp. Med., 60, 1934, 767-772
; Trask

and Paul, ibid., 68, 1933, 531-544
; 73,

1941, 453-459
; Trask et al., ibid., 77, 1943,

531-544; Turner and Young, Am. Jour.

Hyg., 37, 1943, 67-79; Wolf, Jour. Exp.
Med., 76, 1942, 53-72

;
Young and Merrell,

Am. Jour. Hyg., 37, 1943,80-92.
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2. Leglo erebea spec, nov. From Latin

erebeus, belonging to the Lower World.

Common names : Choriomeningitis vi-

rus, lymphocytic choriomeningitis virus.

Hosts : MURIDAE—Mm mmculm L.,

gray or white mouse. HOMINIDAE—
Homo sapiens L., man. CERCOPITHECl-
DAE—Macaca mulatta, rhesus monkey.
Experimentally, also guinea pig; white

rat; dog (masked); ferret (masked);

Macaca irm, crab-eating macaque
;
Syri-

an hamster; chick- or mouse-embryo
serum-Tyrode solution culture; chick

embryo.

Insusceptible species: Pig, rabbit,

field vole, bank vole, canary, hen, para-

keet.

Geographical distribution : France,

England, L'nited States.

Induced di.sease : In white mouse, more
virulent in young tlmn in old indivi<iuals

;

infection may take place in utcro or soon

after birth; some mice become carriers

after recovery, with virus in organs,

bl<K)d, urine, and misal secretions; car-

riers are immune to large intracerebral

inoculations of virus; exixjrimentally, 5

to 12 days after intracerebral inoculation

of susceptible mice, somnolence, photo-

phobia, tremors of the legs, tonic spasms
of muscles in the hindquarters U(K»n

St iinulat ion
;
recovery or death . In man,

disease may l>e subclinical at times as

shown by the fact that some supix)sedly

normal sera contain specific antilxxlies;

not all clinical cases develop protecting

antibodies against testing strains, so that

(liseaj-e may I>e somewhat commoner than

can be ascertained readily; in all cases

benign, but in the more severe of these an

acute aseptic meningitis ; after incubation

IKiriod of 1 J (o 3 days, 8|)ells of fever ex-

tending as long as 3 weeks; late in the

disease there may be a meningeal reaction

both clinically and cytologically
;
lympho-

cytes and some large mononuclear cells

ap(>ear in the meningeal fluids, although

symptoms remain benign; there may
be virus in the blood from the beginning

of fever to the end of the second week
; the

spinal fluid is not infective at first but
may become so before there is a change in

cell count
;
urine and saliva remain unin-

fectious.

Transmission : In white mouse, by con-

tact with mice infected when young, not

with those infected when old; nasal

mucosa considered portal of entry. In

wild gray mouse of the same species, Mus
mnsculusj by contact but less readily

than in white mouse. Experimentally,

by mosquito, Aedes aegypti L. (CULICI-
DAE), at 26 to 34° C; by bedbug, Cimex
leciularius [CIMIDAE), but defecation

on site of bitten area is essential, bite

alone l)eing ineffective. Experimentally,

to guinea pig, by application of virus to

normal and apparently intact skin; not

by contamination of food or litter.

Serological relationships ; Serum of

recovered subjects usually neutralizes

choriomeningitis virus. Hyperimmune
serum is ineffective against pseudo-lym-

phocytic choriomeningitis virus and hy-

l>erimmune serum for tliat virus is inef-

fective in its turn when used with

choriomeningitis virus. No cross neu-

tralization with St. Louis encephalitis

virus. A s]:)ecific soluble antigen asso-

ciated quantitatively with virus in all

hosts fixes complement in the presence

of immune serum; virus does so poorly

if at all
;
the anti -soluble-substance anti-

lx)dies seem to be independent of virus

-

neutralizing antibodies. A soluble pro-

tein, readily separable from virus, gives

asi>ecific precipitin reaction with immune
serum ;

antibodies concerned are probably

not the virus-neutralizingantibodies.

Immunological relationships : Intra-

l>eritoneal injection of about 160 intra-

cerebral lethal doses has been found to

protect the white mouse against infection

by subsequent intracerebral injection of

10,000 lethal doses. The immune mouse
differs from the immune guinea pig in

showing no neutralizing antibodies in its

blood; even the guinea pig may develop

resistance before antibodies appear in its

serum. Formalized vaccines made from
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African monkey, by intracerebral, intra-

nasal, and intraabdominal inoculation.

Serological relationships : Specific neu-

tralizing antibodies arise after experi-

mental infection in monkeys, but rein-

fection is not prevented; only a minority

of human convalescent sera neutralize

virus in vitro, the most potent sera prob-

ably being obtained from those with

transient or light paralysis. Cross neu-

tralization between monkey-passage and

murine (cotton-rat and mouse) strains.

No cross-neutralization reaction with

lymphocytic choriomeningitis virus. Is-

olates differ somewhat antigenically,

homologous titers being higher than

heterologous titers in some neutralization

tests.

Thermal inactivation : At or below 75°

C in 30 minutes.

Filterability : Passes membrane about

35, not 30, millimicrons in average pore

diameter.

Other properties: Infectivity of virus

maintained well at —76° C or in glycerine

but poorly when dried or just frozen.

Inactivated readily by hydrogen

peroxide. Particle diameter estimated

as about 12 millimicrons by filtration

studies. Precipitated by lialf-saturated

ammonium sulpliate solutions. Electron

micrographs show elliptical particles 20

to 30 millimicrons in diameter; impure

infectious materials show long threads

20 by 75 to 500 millimicrons in size.

Component probably virus has sedimenta-

tion constant Sw* ** 62 X 10“** cm per

sec. per dyne. Inactivated by potassium

hydroxide, copper sulfate and potassium

permanganate. Stable from pH 2.2 to

10.4 for 2 hours at 37° C.

Literature: Armstrong and Harrison,

U. S. Pub. Health Service, Public Health
Kept., 60, 1935, 725-730; Aycock, Am.
Jour. Hyg., 7, 1927, 791-803; Burnet and
Jackson, Austral. Jour. Exp. Biol, and
Med. Sci., 17, 1939 ,

261-270; 18, 1940,

361-366; Burnet et al., ibid,, 17, 1939,

253-260, 375-391; Elford et al., Jour.

Path, and Bact., 40, 1935, 135-141
; Flex-

ner, Jour. E.xp. Med., 62, 1935, 787-804

63, 1936, 209-226
; 65, 1937, 497-513

;
Card

ibid., 71, 1940, 779-785; Gordon and I.«en

nette. Jour. Inf. Dis., 64, 1939, 97-104

Harmon, ibid., 68, 1936, 331-336; llcaslip

Austral. Jour. E.xp. Biol, and Med. Sci.

16, 1938, 285-286; Howitt, Jour. Inf. Dis.

61, 1932, 565-573; 53, 1933, 145-156; Hud
son and liCnnette, Am. Jour. Hyg., 17

1933, 581-586; Jungeblut and Bourdillon

Jour. Am. Med. Assoc., 123, 1943, 399-

402; Jungeblut and Sanders, Jour. Exp
Med., 72, 1940, 407-436; 73, 1942, 127-142

Jungeblut et al., ibid., 76, 1942, 611-629

76, 1942, 31-51; Kcssel et al.. Am. Jour

Hyg*. 1938, 519-529
;
Jour. Exp. Med.

74, 1941,601-609
;
Kolmerct al., Jour. Inf

Dis., 61, 1937, 63-68; Kramer et al.. Jour

Exp. Med., 69, 1939, 46-67
;
Lennette anc

Hudson, Jour. Inf. Dis., 68, 1936, 10-14

Loring and Schwcrdt, Jour. Kxp. Med.
76, 1942, 395-406 ;

McClure and I^ingmuir

Am. Jour. Hyg., 35, 1942, 285-291
;
Mel

nick, Jour. Exp. Med., 77, 1943, 195-2ai

Moore and Kessel, Am. Jour. Hyg., 38

1943, 323-344; Moore et al., ibid., 36

1942, 247-254; Morales, Jour. Inf. Dis.

46, 1930, 31-35; Olitsky and Cox, Jour

Exp. Med., 65, 1936, 109-125; Paul et al.

Am. Jour. Hyg., 17, 1933, 587-600
;
601-

612; Jour. Exp. Med., 71, 1940, 765-777

Sabin, ibid., 69, 1939, 507-516; Sabin and
Olitsky, ibid., 68, 1938, 39-61

;
Siibin and

Ward, ibid., 73, 1941, 771-793; 74, 1942,

519-529; 76, 1942, 107-117; Sabin et al..

Jour. Bact., 31, 1936 ,
35-36 (Abst.);

Sanders and Jungeblut, Jour. Exp. Med.,

76, 1942, 631-649; Schultz and Gcbhardt,

Jour. Inf. Dis., 70, 1942, 7-50; Schultz

and Robinson, ibid., 70, 1942, 193-200;

Stimpert and Kessel, Am. Jour. Hyg.,

29, (B), 1939, 57-66; Theilcr, Medicine,

20, 1941, 443-462; Theiler and Bauer,

Jour. Exp. Med., 60, 1934, 767-772; Trask

and Paul, ibid., 68, 1933, 631-544; 75,

1941 , 453-459
;
Trask et al., ibid., 77, 1943,

531-544; Turner and Young, Am. Jour.

Hyg., 57, 1943, 67-79; Wolf, Jour. Exp.

Med., 76, 1942, 63-72; Young and Morrell,

Am. Jour. Hyg., 57, 1943, 80-92.
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2. Leglo erebea spec. nov. From I^tin

ereheus, belonging to the Lower World.

CJoinmon names: Choriomeningitis vi-

rus, lymphocytic choriomeningitis virus.

Hosts: MURIDAE—Mus mnsculus L.,

gray or white mouse. HOMINIDAE—
Homo sapiens L.

,
man . CERCOPITHECI-

DAE—Macaca mulatta^ rhesus monkey.
Experimentally, also guinea pig; white

rat; dog (masked); ferret (masked);

Macaca truSj crab-eating macaque; Syri-

an hamster; chick- or mouse-embryo
serum-Tyrode solution culture; chick

embryo.

Insusceptible species: Pig, rabbit,

field vole, bank vole, canary, hen, para-

keet.

Geographical distribution: France,

England, United States.

Induced disease : In white mouse, more
virulent in young than in old individuals

;

infection may take place in uiero or soon

after birth; some mice become carriers

after recovery, with virus in organs,

bl<K)d, urine, and nasal secretions; car-

riers are immune to large intracerebral

inoculatioriH of virus; exjK*rimentally, 5

to 12 days after intracerebral inoculation

of susceptible mice, somnolence, photo-

phobia, tremors of the legs, tonic spasms

of muscles in the hindejuarters utx)n

St imulat ion
;
recovery or death. In man,

disease may l>e subclinical at times as

shown by the fact that some supi»sedly

normal sera contain specific antiljodies;

not all clinical cases develop protecting

antilwdies against testing stnuns, so that

disea.se may be somewhat commoner t han

can l)c {\scertained readily; in all cases

l>enign, but in the more severe of t hese an

acute aseptic meningitis
;
after incubation

tHjriod of li to 3 days, 8|wlls of fever ex-

tending as long as 3 weeks; late in the

disease there may be a meningeal reaction

both clinically and cytologically
; lympho-

cytes and some large mononuclear cells

appear in the meningeal fluids, although

symptoms remain benign; there may
be virus in the blood from the beginning

of fever to the end of the second week
; the

spinal fluid is not infective at first but

may become so before there is a change in

cell count
; urine and saliva remain unin-

fectious.

Transmission : In white mouse, by con-

tact with mice infected when young, not

with those infected when old; nasal

mucosa considered portal of entry. In

wild gray mouse of the same species, Mus
musculusy by contact but less readily

than in vrhite mouse. Experimentally,

by mosquito, Aedes aegypti L. {CULICI-
DAE), at 26 to 34° C

;
by bedbug, Cimex

lectularius {CIM IDAE), but defecation

on site of bitten area is essential, bite

alone being ineffective. Experimentally,

to guinea pig, by application of virus to

normal and apparently intact skin; not

by contamination of food or litter.

Serological relationships : Serum of

recovered subjects usually neutralizes

choriomeningitis virus. Hyperimmune
scrum is ineffective against pseudo-lym-

phocytic choriomeningitis vnrus and hy-

perimmune serum for that virus is inef-

fective in its turn when used with

choriomeningitis virus. Xo cross neu-

tralization with St. Louis encephalitis

viru.s. A specific soluble antigen asso-

ciated quantitatively with virus in all

hosts fixes complement in the presence

of immune serum; virus does so poorly

if at all; the anti -soluble -substance anti-

bodies seem to be independent of virus-

neutralizing antibodies. A soluble pro-

tein, readily separable from virus, gives

a specific precipitin reaction with immune
serum ;

antibodies concerned are probably

not the virus-neutralizing antibodies.

Immunological relationships : Intra-

peritoneal injection of about 160 intra-

cerebnd lethal doses has been found to

protect the white mouse against infection

by subsequent intracerebral injection of

10,000 lethal doses. The immune mouse

differs from the immune guinea pig in

showing no neutralizing antibodies in its

blood ;
even the guinea pig may develop

resistance before antibodies appear in its

serum. Formalized vaccines made from
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guinea pig tissues immunize the guinea

pig but vaccines made from mouse tissues

do not. Mice immune to this virus are

susceptible to infection with pseudo-

lymphocytic choriomeningitis virus and

vice versa.

Thermal inactivation: At 55 to 56® C
in 20 minutes.

Filterability : Passes Berkefeld V, N,

and W filters and, with difficulty, a Seitz

asbestos pad.

Other properties : Infective at least 206

days in storage at 4 to 10® C in 50 per cent

neutral glycerine in 0,85 per cent saline.

Infective particle calculated to be 37 to

55 millimicrons in diameter on the basis

of centrifugation studies; 40 to 60 milli-

microns by ultrafiltration tests. Inac-

tivated by soap with loss of mouse -im-
munizing capacity.

Literature : Armstrong and Dickens, U.

S. Pub. Health Service, Public Health

Kept., SO, 1935, 831-842; Armstrong and
Lillie, ibid., 49, 1934, 1019-1027; Arm-
strong and Wooley, ibid., SO, 1935, 537-

541; Jour. Am. Med. Assoc., 109, 1937,

410-412; Baird and Rivers, Am. Jour.

Pub. Health, 28, 1938, 47-53; Casals-

Ariet and Webster, Jour. Exp. Med., 7/,

1940, 147-154; Dalldorf, ibid., 70, 1939,

10-27; Dalldorf and Douglass, Proc. Soc.

Exp. Biol, and Med., S9, 1938, 294-297;

Findlay and Stern, Jour. Path, and Bact .,

4S, 1936, 327-338; Findlay et al.. Lancet,

SSO, 1936 (/), 650-654; Howard, Jour.

Inf. Dis., 64, 1939, 66-77; Laigret and
Durand, Compt. rend. Acad. Sci., 20$,

1936, 28^284; L5pine and Sautter, Ann.
Inst. Pasteur, 61, 1938, 519-526; Lupine

et al., ibid., 204, 1937, 1846-1848; Mac-
Callum and Findlay, Brit. Jour. Exp.

Path., 21, 1940, 110-116; Milzer, Jour.

Inf. Dis., 70, 1942, 152-172; Rivers and
Scott, Jour. Exp. Med., 68, 1936, 415-432

;

Scott and Elford, Brit. Jour. Exp. Path.,

20, 1939, 182-188; Scott and Rivers, Jour.

Exp. Med., 68, 1936, 397-414; Shaugnessy

and Zichis, ibid., 72, 1940, 331-343;

Smadel and Wall, ibid., 72, 1940, 389-405

;

75, 1942, 581-591; Smadel et al., Proc.

Soc. Exp. Biol, and Med., 40, 1939, 71-73;

Jour. Exp. Med., 70, 1939, 53^; 71, 1940,

43-53; Stock and Francis, ibid., 77, 1943,

323-336; Traub, Science, 81, 1935, 298-

299; Jour. Exp. Med., 68, 1936, 533-546,

847-861; 5.;, 1936, 183-200 ; 66, 1937, 317-

324 ; 68, 1938, 95-110, 229-250 ; 69, 1939,

801-817.

3. Legio simulans spec. nov. From

Latin simulare, to imitate, in reference to

resemblance of this virus to the preceding

in many respects, though not in size or

antigenic properties.

Common name : Pseudo-lymphocytic

choriomeningitis virus.

Hosts : HOMINIDAE—Homo sapiens

L., man. Experimentally, also mouse,

guinea pig, rhesus monkey; chorioallan-

toic membrane of chick embryo.

Induced disease : In man, benign asep-

tic lymphocytic meningitis with virus

in cerebro-spinal fluid; severe frontal

headache, drowsiness, irritability, v'omit-

ing, eventual complete recovery. In

mouse, experimentally, roughened fur,

spontaneous tremor, hunched attitude,

irritability, clonic movements ending

with tonic convulsions on stimulation,

temporary recovery from spasm with

survival a few hours or instant death.

Serological relationships; Hyperim-
mune sera for lymphocytic choriomenin-

gitis virus are ineffective for this virus,

and vice versa. In man, after recovery,

neutralizingantibody is strong at 1 month,
fading before 7 months.

Immunological relationships : Mice ac-

quire specific resistance to reinfection

after experimental disease ; mice immune
to lymphocytic choriomeningitis virus are

susceptible to pseudo-lymphocytic chori-

omeningitis virus and vice versa.

Thermal inactivation : At 56® C, not at
45® C, in 30 minutes.

Filterability : Passes Berkefeld V, not

N, filter candle
; Gradacol membrane of

320, not 300, millimicron average pore

diameter.

Other properties: Particle diameter
calculated to be not above 150 to 225

millimicrons, from filtration experiments.
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Viable at least 1 month at 4° C, at least

1 year in 50 per cent glycerine, 40 days in

0.25 per cent phenol, 1 year when dried

from frozen material. Inactivated by
0.05 per cent formalin at 4® C in 48 hours

;

by boiling in 5 minutes.

Literature: MacCallum et al., Brit.

Jour. Exp. Path., BOt 1939, 260-269.

4. Legio muxis spec, nov. From Latin

mus, mouse.

Common names: Mouse-poliomyelitis

virus, The iler *8-disease virus.

Host : MURIDAE—Mus musculua L.,

white mouse.

Insusceptible species : CERCO-
PITHECIDAE—Macaca mulatia (Zim-

mermann), rhesus monkey.

Geographical distribution : United

States, Japan, Germany, Palestine
;
prob-

ably widespread wherever white mice are

raised.

Induced disease : In white mouse,

ordinarily no obvious disease, virus oc-

curring in feces and not being recoverable

from thoracic or abdominal viscera or

head (probable source is in abdominal

wall ; virus has been recovered most

abundantly from intestinal contents, in

moderate amounts from walls of intestine

and in smaller concentration from mesen-

teric lymph glands); occasionally, in-

dividual mice show flaccid paralysis of

hind legs, and brain or spinal-cord sus-

pensions from these contain the virus;

mice inoculated intracerebrally show

flaccid paralysis in 7 to more than 30 days,

first in one limb, later usually in all; the

tail does not become paralyzed; very

young inoculated mice may die without

first showing paralysis; very old inocu-

lated mice may become infected without

showing obvious disease; some affected

mice recover and those showing residual

paralysis may become carriers of virus.

In affected, experimentally inoculated

mice, acute necrosis of ganglion cells of

anterior horn of spinal cord
;
necrosis also

of isolated ganglion cells of cerebrum.

Later, marked neuronophagia. Perivas-

cular infiltration in brain and spinal cord.

The reciprocal of the incubation period

has been found approximately propor-

tional to the logarithm of the amount of

virus inoculated, thus serving to measure
the concentration of samples of virus.

Old mice less susceptible than young.

Transmission: Experimentally, by in-

tracerebral, intranasal and intraperi-

toneal inoculation. Has been found to

persist in adult flies, Musca domestica L.

(MUSCIDAE) and other species, as

long as 12 days after experimental feed-

ing whereas mouse-adapted human polio-

myelitis virus persists only 2 days in

Mmca domestica and not at all in some
other species.

Serological relationships : Sera con-

taining antibodies to the Lansing strain

of human poliomyelitis virus fail to pro-

tect against mouse poliomyelitis virus.

Immunological relationships : Recov-

ered mice are immune to various hetero-

logous isolates or strains. No evidence

of immunological relationship with virus

of human poliomyelitis has been obtained,

save that mice paralyzed with mouse
poliomyelitis virus show some resistance

to infection with the Lansing strain of hu-

man poliomyelitis virus; this has been

interpreted as possibly no more than an
interference phenomenon, since it seems
to depend on actual paralysis.

Filterability : Passes Berkefeld N and
other Berkefeld Alters and Chamberland

Li Alter.

Other properties: Viable at least 14

months at — 78*’ C ; at least 150 days in 50

per cent glycerine at 2 to 4® C. Most
stable near pH 8.0 and pH 3.3. Inac-

tivated readily at 37® C by 1 per cent

hydrogen peroxide. Particle diameter

estimated as 9 to 13 millimicrons from
Altration studies. Sedimentation con-

stant, S,o* -« 160 to 170 X 10~‘* cm per

sec. per dyne.

Literature : Bang and Glaser, Am. Jour.

Hyg., 57, 1943, 320-324; Gahagan and
Stevenson, Jour. Inf. Dis., 69, 1941, 232-

237; Card, Jour. Exp. Med., 75, 1940,

69-77; Card and Pedersen, Science, 94,

1941, 493-494; Gildemeister and Ahlfeld,
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Cent. f. Bakt., I Abt., Orig., W, 1938,

144-148; Igucbi, Kitasato Arch. Exp.

Med., 16, 1939, 66-78; Olitsky, Jour.

Exp. Med., 7f, 1940, 113-127; Thciler,

Science, 80, 1934, 122; Jour. Exp. Med.,

6S, 1937, 705-719 ;
Theiler and Card, ibid,,

72, 1940, 49-67, 79-90; Young and Cum-
berland, Am. Jour. Hyg., 37, 1943, 216-

224.

5. Legio gallinae spec, not*. From
Latin gallina, hen.

Common names : Avian encephalomye-

litis virus, infectious avian encephalo-

myelitis virus.

Host: PHASIANIDAE--Oallus gal-

Ills (L.), chicken (embryo not suscepti-

ble; in culture media, minced whole

embryo in serum-Tyrode solution suffices

to maintain virus, but embryo brain alone

does not).

Insusceptible species: All tested spe-

cies other than birds.

Geographical distribution : United

States.

Induced disease: In chicken, fine or

coarse tremors of whole body or only of

head and neck or of legs; progressive

ataxia; eyes dull, some loss of weight,

weakness of legs, and progressive inco-

ordination of leg muscles; somnolence

precedes death; about 75 per cent die

within 5 days of onset, 90 per cent within

a week, the remainder showing a stag-

gering, ataxic gait for weeks, some con-

tinuously tremulous; recovered birds,

however, may produce eggs well ; micro-

scopic focal collections of glia cells,

perivascular infiltration, degeneration of

Purkinje’s cells and degeneration of nerve

cells ;
foci of infiltration throughout brain

and spinal cord
;
virus not detected in the

blood of affected chickens.

Transmission: Not through egg. Ex-
perimentally, by intracerebral injection.

Serological relationships : Specific anti-

serum neutralizes homologous virus but

not the Eastern strain of equine ence-

phalitis virus; antiserum specific for the
latter does not neutralize avian ence-

phalomyelitis virus.

Filterability : Passes Berkefeld V and

N as well as Seitz 1 and 2 filters; also-

membranes 73 millimicrons in average

pore diameter.

Other properties: Survives in 60 per

cent glycerine for at least 88 days and

frozen for at least 68 days. Infective

particle estimated to be 20 to 30 milli-

microns in diameter, by filtration studies.

Literature: Jones, Science, 76, 1932,

331-332; Jour. Exp. Med., 69, 1934, 781-

798; Kligler and Olitsky, Proc. Soc. Exp.

Biol, and Med., 43, 1940, 686-683
;
Olitsky,

Jour. Exp. Med., 70, 1939, 565-582; Olit-

sky and Bauer, Proc. Soc. Exp. Biol, and

Med., 42, 1939, 634-636 ;
Van Roekel et al.,

Jour. Am. Vet. Med. Assoc., 9$ (N.S. 46),

1938, 372-375.

6. Legio suariorum spec. nov. From
Latin suarius, swineherd.

Common name : Swineherds’-discase

virus.

Hosts: SUIDAE—Sua scrofa L.,

swine. HOM IN IDAE—Homo sapiens

L., man. Experimentally, with fever as

only symptom, white rat, cat, ferret,

mouse; perhaps Macaca mulatto (Zim-

raermann), rhesus monkey.

Geographical distribution : Europe.

Induced disease : In man, a l>enign

meningitis without sequelae, somewhat
similar to lymphocytic choriomeningitis

in man; cell counts in spinal fluids may
be as high as 1200 to 1400; 4 to 7 (average

8) days after infection, fever lasting 3 to

21 days (average 9) ; sometimes conjunc-

tivitis, more often a reddish maculo-

papillose eruption
; severe sweating

frequent; hemorrliagic tendency; blood

in feces; recovery. Blood, urine, feces

infectious, not spinal fluid or mucous
excretions. Especially affecting young

men, not often old men or women, among
those having contact with swine or swine

-

producing quarters.

Transmission : Excreta of pigs, even as

used for manure, are infective. Experi-

mentally, to man, by subdermal or intra-

muscular injection.
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Serological relationships: Serum from

recovered cases neutralizes the virus.

Immunological relationships : Specific

immunity follows attack of the disease.

Filterability : Passes Chamberland Lf

filter.

Literature : Durand et al
. ,
Compt . rend.

Acad. Sci., Paris, 203, 1936, 830-832, 967-

959, 1032-1034; Arch. Inst. Pasteur de

Tunis, 26, 1937, 213-227
; 228-249; 27,

1938, 7-17.

Genua III. Formldo gen. nov.

Viruses of the Rabies Group, inducing diseases characterized by involvement of

the nervous system only. Generic name from Latin /ormtdo, a frightful thing.

The type and only recognized 8p)ecies is Formido inexorahilis spec. nov.

1. Formldo inezorabills spec. nov.

From Latin inexorabilis

,

implacable.

Common name : Rabies virus.

Hosts: CANIDAE—Cams familiaris

L., dog. FELIDAE—Felis caius L., do-

mestic cat
;
F. negripes, black-footed cat

;

F. ocreata, wild cat. HOMINIDAE—
Homo sapiens L., man. M USTELI-
DAE—Ictonyx orangiac, polecat. SCI-
URIDAE—Geosciurus capensis, ground

squi rrcl . VIVERRIDA E—Cynici is

penicillata, yellow mongoose (yellow

meercat)
;
Geneita fclina (Thunb.), genet

cat; Myonax pulverulentus, small, grey

mongoose; Suricata suricatta, Cape suri-

cate or common meercat. Cattle, sheep,

pig, horse, wolf. Cynalopex chama , silver

jackal . Phyllostoma superciliaium, vam-

pire bat; Desmodus rufus, vampire bat;

Artibeus planirostris trinitatis, fruit -eat-

ing bat. Experimentally, also Mus rnus-

cuius L., white mouse
;
Peromyscus polio-

notus polionotus (Wagner), white-footed

mouse; tissue cultures of 5 or 6-day-old

rat- or mouse-embryo brain; chick em-
bryo (allantois not regularly infected,

but virus regularly reaches brain of em-

bryo without injuring it
;
chick may hatch

wdth titer of 1:100 or 1:1000 in brain).

Chicken
;
mousehawk (Buteo vulgaris); pi-

geon, owl, goose; stork (Ciconia ciconia);

pheasant (Diardigallus diardi B.P.).

Insusceptible species: Reptiles, fish.

No nmmmal is known to be insusceptible.

Geographical distribution : Almost

world-wide; absent only from relatively

isolated countries or communities.

Induced disease : In dog, after a short

incubation period (generally less than 10

days) altered behavior, hiding, lack of

obedience, perverted appetite leading to

ingestion of straw, paper, earth, and other

unaccustomed materials
; excitement, un-

provoked biting (which may transmit the

virus to new hosts), aimless wandering,

excess salivation, progressive inability to

BW’allow, alteration of bark to characteris-

tic high pitched tone ; staggering, paresis

of hindquarters tending toward paralysis

and involvement of anterior parts of the

body; paralysis of lower jaw, muscular

spasms, marked emaciation, death except

perhaps in rare instances. In man, after

a relatively long incubation period de-

pending on site of implantation (perhaps

27 to 64 days), a uniformly fatal disease,

characterized by altered behavior, in-

creased excitability, thirst, pharyngeal

spasm with progressive inability to swal-

low, labored and noisy respiration, death

in 3 or 4 days after onset, with or without

paroxysm. In sheep, increased sexual

desire ; tendency to pull wool from other

sheep or themselves; light butting, in-

creasing until some ewes, after violent

exercise, appear to faint; prostration

within 1 to 4 days; death within 2 days

from onset of locomotory paralysis. In

mouse, experimentally, by intracerebral

inoculation, apathy, sluggishness, rough-

ening of hair, tremor, convulsions, pros-

tration, death; sometimes flaccid

paralysis of hind legs before death.

Transmission: Usually by bite of dog

or some closely related animal; occa-

sionally by bites of cats
;
rarely by bites
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of rabid horses or cattle. Not by con-

tamination of food. In Brazil and Trini-

dad| probably by the vampire bat, which

has been found infected in nature.

Serological relationships : Specific fioc-

culation of rabies virus occurs in the

presence of inunune serum from rabbit

or guinea pig; strains differ in relative

amounts of antigenic constituents, as

shown by absorption tests. Comple-

ment fixation occurs in the presence of

virus and guinea-pig antiserum. Neu-

tralizing antibodies are specific.

Immunological relationships : Virus ex-

posed to ultraviolet light tends to lose its

virulence before its immunizing potency.

Passive immunization succeeds in white

mice if antiserum is injected intracere-

brally i hour before, but not 24 hours be-

fore or 2 hours after, virus. Chloroform-

treated vaccines more effective than

phenolized vaccines, but irritative.

Thermal inactivation : At 60 to 70® C in

15 minutes; in brain tissues, at 45® C in

24 hours.

Filterability : Passes Berkefeld V filter.

Other properties: Viable at least 2

months at 5® C in liquid or dry state. In-

fective particle between 100and 240 milli-

microns in diameter, by filtration studies.

Literature : Bernkopf and Kligler, Brit.

Jour. Exp. Path., 15,1937, 481-485; Casals,

Jour. Exp. Med., 7F, 1940, 445-151, 453-

461 ; Coveil and Banks, Am. Jour. Path.,

5, 1932, 557-572; Dawson, Science, 89,

1939, 300-301 ; Am. Jour. Path., 17, 1941,

177-188; Galloway, Brit. Jour. Exp.

Path., 16, 1934, 97-105; Goodpasture, Am.
Jour. Hyg., 1, 1925, 547-582; Haupt and

Hehaag, Ztschr. f. Infektionskrankh., 28,

1921, 76-88, 104-127; Havens and May-
field, Jour. Inf. Bis., 60, 1932, 367-376 ; 61,

1932, 511-518; 68, 1933, 364-373; Hender-

son, Vet. Med., 57, 1942, 85-89; Hodes et

al.. Jour. Exp. Med., 72, 1940, 437-444;

Hoyt et al., Jour. Inf. Bis., 69, 1936, 152-

158; Hurst and Pawan, Lancet, 221, 1931

(2), 622-628; Jour. Path, and Bact., 55,

1932, 301-321
;
Johnson and Leach, Am.

Jour. Hyg., 55 (B), 1940, 38-45; Kligler

and Bernkopf, Proc. Soc. B^xp. Biol, and
Med., $9, 1938, 212-214

;
Am. Jour. Hyg.,

55 (B), 1941, 1-8; Leach and Johnson,

ibid., S2 (B), 1940, 74-79
; Metivier, Jour.

Comp. Path, and Therap., i8, 1935, 245-

260; Peragallo, Giorn. di batteriol. e im-

munol., 18, 1937, 289-290; Snyman, On-

derstepoort Jour. Vet. Sci. and Anim.

Indust., 16, 1940, 9-140; Webster, Am.
Jour. Pub. Health, 26, 1936, 1207-1210;

Jour. Exp. Med., 70, 1939, 87-106; Am.
Jour. Hyg., SO (B), 1939, 113-134; Web-

ster and Casals, Jour. Exp. Med., 71,

1940, 719-730; 75, 1941, 601-615
; 76, 1942,

185-194; Webster and Clow, ibid., 66,

1937, 125-131; Wyckoff, Am. Jour. Vet.

Res., 2, 1941, 84-90.

Note: The Negri bo<ly, a character-

istic cell-inclusion in rabies, has been

given the following names under the sup-

position that it represents stages in the

life cycle of a protozoan parasite responsi-

ble for the disease; Neuroryctes hydropho-

biae by Calkins, Jour. Cutaneous Diseases

including Syphilis, 26, 1907, 510; Encepha-

liiozoon rabiei by Manouelian and Viala,

Ann. Inst. Pasteur, 55, 1924, 258; and

Glugea lyasae by Levaditi, Nicolau and

Schoen, Ann, Inst. Pasteur, 40, 1926, 1048.
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FAMILY IV. CHARONACEAE FAM. NOV.

Viruses of the Yellow-Fever Group, inducing diseases mainly characterized by fever

and necrosis of tissues in the absence of obvious macule, papule, or vesicle formation

or of conspicuous involvement of nerve cells.

Key to the genera of family Charonaceae.

I. Viruses of the Typical Yellow-Fever Group.

Genus I. Charon^ p. 1265.

II. Viruses of the Influenza Group.

Genus II. Tarpeia^ p. 1268.

III. Viruses of the Hog-Cholera Group.

Genus III. Torior, p. 1275.

OeniL8 I. Charon gen. nov.

Viruses of the Typical Yellow-Fever Group, inducing diseases mainly characterized

by acute non-contagious fever. Vectors dipterous insects, so far as known. Generic

name from Latin Charon

j

ferryman of the Ix)wer World.

The type species is Charon evagatus spec. nov.

Key to the species of genus Charon.

I. Vectors mosquitoes.

1. Charon evagatus.

II. Vectors unknown, perhaps mosquitoes.

2. Charon vallis.

1. Charon evagatus spec. nov. From
Latin evagor, to spread abroad.

Common name : Yellow-fever virus.

Hosts ; HOMINIDAE—Homo sapiens

L. , man. Experimentally, also Cerco-

piihecus tantalus Ogilby; C. aeihiops^

African guenon (symptomless); Cerco-

cebus torquatus (Kerr), collared manga-

bey; Mus musculus L., mouse; Microius

agrestis, field vole; Sciurus vulgaris L.,

red squirrel
;
Macaca mulatla (Zimmer-

mann), rhesus monkey; Macacus sinicus

Indian crown monkey; M. cynomolgus;

M. speciosus
;
Erinaceus europaeuSf hedge

hog; GaUus gallus (L.), chicken (tol-

erant); Dasyprocta aguti, agouti (serial

passage fails).

Insusceptible species : Cat, ferret, rab-

bit, rat; Cricetus auratus, golden ham-
ster; Apodemus sylvaticus, wood vole;

Evotomys glareolus, bank vole; pigeon,

canary, pipistrelle bat; Cricetomys gam-
bianus, pouched rat ; dog, goat.

Geographical distribution : Tropical re-

gions in general, especially Central and
South America, West Indies, West
Africa; anti-mosquito campaigns have

tended to eradicate yellow-fever virus

from parts of its former range.

Induced disease : In man, mild cases

may occur, especially in natives where the

disease is endemic, but in Euro;>eans

generally sudden fever without marked
change in pulse rate after a 3 to 6-day

incubation period; severe frontal head-

ache, pains in the loin and legs and epi-

gastric pain; gradual decrease in tem-

perature to 98 or 99® F, weakening of

pulse and slowing of heart beat in the

absence of further temperature changes

;

jaundice, especially in sclerae, often in

skin; albumen in urine, later bile-pig-

ments also present ; hemorrhages frequent

especially in alimentary canal ; fatty and

necrotic changes in the liver; acute

degeneration of renal parenchyma, splenic

congestion
;
death may occur in the early

acute state, but is more likely about the
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fifth or sixth day; relapses may occur

until 2 or 3 weeks after onset ; case mor-

tality varies from 10 to 90 per cent in

different epidemics. A transitory im-

munity due to transfer of serum anti-

bodies through the placenta protects

offspring of immune mothers for a short

time.

Transmission: By mosquitoes, AMes
aegypti L., Aides Iciicocelaemus (D.

and S.), Hacmogogus capricorni Lutz

(CULICIDAE), The mosquito Aides

aegypti becomes infective, after feeding

on a suitable virus source, in 4 days at

37° C, 5 days at 36° C, 6 days at 31° C, 8

days at 25,1° C, 9 to 11 days at 23.4° C,

18 days at 21° C, and 36, not 30, days at

18° C; virus in head, thorax, and ab-

domen before bites are infective; no

evidence of transmission of virus through

eggs to offspring or to larvae eating in-

fected adults. Experimentally, also by
Aides scapularis (Rondani), A

.
jluviatilis

(Lutz), A. luteocephalusy A. apico-an-

mdaius {CULICIDAE), Experimen-

tally, by feeding, to Macaca mulaiia and
Cercopithecus aethiops; by rubbing in-

fected blood into intact and unshaved

skin of monkeys.

Serological relationships : Complement

-

fixation and precipitating antibodies are

specific.

Immunological relationships : A specific

immunity develops after an attack of the

disease or after vaccination with virus

grown in media containing tissues of chick

embryo minus head and spinal cord.

Thermal inactivation : At 55 to 60° C,

not at 50° C, in 10 minute.s.

Filterability : Passes membranes of 55,

and to some extent membranes of 50,

millimicron average pore diameter.

Passes Berkefeld V and N, as well as

Chamberland F, filters.

Other properties: Particle estimated

from filtration data to have a diameter of

17 to 28 millimicrons
;
by ultracentrifuga-

tion data, 19 millimicrons. Inactivated

or inhibited by 30-minute exposure to

1:15 formalin, 1:6 ethyl alcohol; 1:300

yellowish eosin, 1 :50 sodium oleate, 1 :200

liquor cresolis compositus; viable after

30-minute exposure at 30° C to 1:7500

mercuric chloride, 1:150 phenol, 1:1500

hexylresorcinol, 1:150 sodium oleate.

Sedimentation constant between 18 and

30 X 10“^* cm per sec. per dyne. Viable

i n 50 per cent glycerine at 2 to 4° C for 58,

not for 100, days ;
in mouse brain at — 8° C

for 160 days. Viability may be lost on

simple drying but retained if drying is

carried on in vacuo over a desiccating

agent.

Strains : Distinctive strains have been

isolated. One, to which much study lias

been given, differs from the typical vis-

ccrotropic strain by possessing marked

neurotropic or pantropic characteristics.

Literature: Bauer and Hughes, Am.
Jour. Hyg., 21, 1935, 101-110; Bauer and

Mahaffy, i6id., 12, 1930, 155-174; 175-

195; Bugher and Clast -Galvis, ibid,, 59,

1944, 58-G6; Bugher et al., ibid., 59, 1944,

16-51; Davis, ibid., 16, 1932, 163-176;

Davis and Shannon, ibid., 11, 1930, 335-

344; Davis et al., Jour. Exp. Med., 68
,

1933, 211-226; Findlay, Jour. Path, and

Pact., 58, 1934, 1-6; lancet, 227, 1934

(2), 983-985; Findlay and Clarke, Jour.

Path, and Bact., 40, 1935, 55-64; Findlay

and MacCallum, Brit. Jour. Exp. Path.,

19, 1938, 384-388; Jour. Path, and Bact.,

49, 1939, 53-61
;
Findlay and Mackenzie,

ibid., 4S, 1936, 205-208; Findlay and
Stern, ibid., 40, 1935, 311-318; Fox and

Cabral, Am. Jour. Hyg., 57, 1943, 93-120;

Frobisher, Am. Jour. Hyg., 11, 1930, 3(X>-

320; 15, 1931, 585-613; 14, 1931, 147-148 ;

18
, 1933, 354-374; Goodpasture, Am.

Jour. Path., 8, 1932, 137-150; Haagen,

Deutsch. med. Wochnschr., 60, 1934,

983-988; Hudson, Am. Jour. Path., 4,

1928, 395-430; Klotz and Simpson, ibid.,

5
, 1927 ,

483-488; Laemmert and Mous-
satch^, Jour. Inf. Dis., 72

,
1943, 228-231

;

Lloyd et al., Am. Jour, Hyg., 18
, 1933,

323-344
;
Trans. Roy. Soc. Trop. Med. and

Hyg., 29
, 1936, 481-529; Mahaffy et al.,

Am. Jour. Hyg,, 18
, 1933, 618-628; Pickele

and Bauer, Jour. Exp. Med., 71
, 1940,
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703-717; Ramsey, Am. Jour. Hyg., /5,

1931, 1^-163; Sawyer, ibid,, 26, 1937,

221-231; Shannon et al.. Science, 88

1938, 110-111
;
Smith and Theiler, Jour.

Exp. Med., 66, 1937, 801-808 ; Smith et al..

Am. Jour. Trop. Med., 18, 1938, 437-468;

Soper and De Andrade, Am. Jour. Hyg.,

18, 1933, 588-617; Soper et al., ibid,, 18,

1933, 555^587; 19, 1934, 549-566
;
27, 1938,

351-363; Stefanopoulo and Wassermann,

Bull. Soc. Path. Exot., 26, 1933, 557-559;

Stokes et al., Am. Jour. Trop. Med., 8

1928, 103-164; Theiler, Ann. Trop. Med.

and Parasit., 24, 1930, 249-272; Theiler

and Smith, Jour. Exp. Med., 66, 1937,

767-786, 787-800; Whitman, ibid., 66,

1937, 133-143.

2. Charon vallls spec. nov. From La-

tin vallis, valley.

Common name : Rift Valley fever virus.

Hosts : HOM IN IDAE—Homo sapiens

L., man. HOVIDAE—Bos iaurus L.,

cow; Ovis arics L., sheep; Capra hircus

L., goat. Experimentally, also Sciurus

carolinensis, grey scpiirrel; ferret; Crice^

tus axiratus, golden hamster; Apodemus
sylvaticus, wood niou.se

;
Microtus agrestis

field vole ;
M uscardinus avcllanarius

,

dor-

mouse; rat; mouse; Macaca mnlaiia
\
M.

iru«; Cebus fatucllu$\ C. chrysopus;

Hapale jacchus] //. penicillaia; Ccrco-

pithecus callitrichus (symptoinless) ;
Ery^

throcebus patas (symptomless)
;

Ccrco-

cebiis fuliginosus (symptomless); chick

embryo in Tyrode’s solution
;
chorioallan-

toic membrane of chick embryo.

Insusceptible si^cies : Horse, pig.

Geographical distribution : British I^ast

Africa.

Induced disease : In man, benign dis-

ease; after 5i to 6 days, rigors, pains in

back, fever for 12 to 36 hours, followed by

recovery, with persistence of acquired

immune bodies as long as 4 to 5 years

after infection. In sheep (lambs), dull-

ness, rapid respiration, collapse and death

in a few hours or a chronic course
;
focal

necrosis in liver. In chorioallantoic

membrane of chick embryo, experimen-

tally, areas of hyperplasia and of necrosis

;

connective tissue inflamed nearby
;
liver

of embryo mottled with necrotic areas.

Transmission : Not by contacts. Mos-
quito, Taeniorhynchusbrevipalpis (CUL-
ICIDAE), suspected as possible vector.

Serological relationships : Antisera for

psittacosis, dengue fever, and sandfly

fever viruses fail to protect against infec-

tion with Rift Valley fever virus. Spe-

cific neutralizing antibody in intraperi-

toneally neutral mixture with Rift Valley

fever virus may be dissociated so as to

free virus by direct dilution in saline

solutions, by intranasal inoculation, or by
employment of a small dose, all methods
probably implying a dilution effect.

Immunological relationships : No cross

immunity with yellow-fever or dengue-

fever viruses. If Rift Valley fever virus

is inoculated into rhesus monkey simul-

taneously with yellow-fever virus, the

animal tends to be protected against

death from yellow fever (interference

effect), but one-day earlier inoculation

of Rift Valley fever virus does not

protect.

Thermal inactivation : At 56° C in 40,

not 20, minutes.

Filterability : Passes Berkefeld V, N,
and W filters; passes Chamberland Lj,

Ls, Li, Lj, Lii and occasionally L^ filters

;

pa.s8e8 membranes 150 millimicrons in

average pore diameter freely, 90 milli-

microns with diflSculty, 70 millimicrons

not at all.

Other properties: Viable at least 8

months at 4® C, more than 4 weeks dry in

liver tissues, 6 months in § per cent

carbolic acid at 4° C. Diameter of in-

fective particle estimated from filtration

studies to be between 23 and 35 milli-

microns.

Strains : A neurotropic strain im-

munizes lambs without producingobvious

illness, if given subcutaneously.

Literature : Broom and Findlay, Brit.

Jour. Exp. Path,, 14, 1933, 179-181;

Daubney et al., Jour. Path, and Bact.,

$4, 1931, 545-579; Findlay, Trans. Roy.
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Soc. Trop. Med. and Hyg., fS, 1932, 229-

266; te, 1932, 157-160; 161-168; Brit.

Jour. Exp. Path., 17, 1936, 89-104; Find-

lay and MacCallum, Jour. Path, and

Bact., U, 1937, 405-424; Findlay and

Mackenzie, Brit. Jour. Exp. Path., 17,

1936, 441-447; Findlay et al., ibid., 17,

1936, 431-441; Francis and Magill, Jour.

Exp. Med., 6Z, 1935, 433-448; Horning

and Findlay, Jour. Roy. Micr. Soc., Si,

1934, 9-17; Mackenzie, Jour. Path, and

Bact., 37, 1933, 75-79; JO, 1935, 65-73;

Mackenzie et al., Brit. Jour. Exp. Path.,

17, 1936, 352-361 ;
Saddington, Proc. Soc.

Exp. Biol, and Med., SI, 1934, 693-694;

Schwentkerand Rivers, Jour. Exp. Med.,

59, 1934, 305-313.

Genus 11. Tarpela gen. nov.

Viruses of the Influenza Group, inducing diseases characterized principally by

involvement of the respiratory tract. Generic name from Latin Tarpexa, name of a

Roman maiden who treacherously opened a citadel to an enemy.

The tyjDe species is Tarpeia alpha spec. nov.

Key to the species of genus Tarpeia.

I. Infecting man principally.

1. Tarpeia alpha.

2. Tarpeia beta.

3. Tarpeia premens.

II. Affecting feline species.

4. Tarpeia felis.

III. Affecting domestic cattle (calves).

6. Tarpeia vitnlae.

IV, Affecting canine species.

6. Tarpeia canis.

7. Tarpeia vulpis.

V. Affecting ferrets.

VI. Affecting domestic fowl.

8. Tarpeia viverrae.

9. Tarpeia avium.

1. Tarpeia alpha spec, nov. From first

letter of Greek alphabet.

Common name : Influenza A virus

;

swine filtrate-disease virus.

Hosts: HOMINIDAE—Homo sapiens

L., man. SUIDAE—Sus scrofa L., do-

mestic swine. Experimentally, also fer-

ret, mouse, Macacus irus, hedgehog,

rabbit (inapparent infection), guinea pig

(inapparent infection), rat (inapparent

infection); Mustela sibirica Milne-£d-

wards, Chinese mink; Sciurotamxus da-

vidianus Milne-Edwards, David’s squir-

rel ; chick embryo (some strains produce
visible lesions at 36.5'’ C on chorioallan-

toic membrane); minced chick embryo
in Tyrode’s solution.

Insusceptible species : Callosciurus

caniceps canigenus Howell, Chekiang

squirrel; Eutamias asiaiicus senescens

Miller, chipmunk.

Geographical distribution : World-wide.

Induced disease : In man, headache,

dizziness, with shivering and muscular

pains; rise of temperature on the second

day, sometimes with fall on the third and
elevation again later; often complicated

by bronchitis and bronchopneumonia;
hemorrhagic and edematous lobular con-

solidation in lungs; virus most easily

recoverable from nasopharyngeal wash-
ings, but also from nasal secretions and
lungs. In swine, virus alone produces
only a mild malady (filtrate disease);
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in the presence of Haemophilus influenzae

suis a severe malady occurs under both

natural and experimental conditions; it

involves fever, cough, and prostration;

many infected animals die. Lungworms,

Metasirongylus elongatus and Choero-

strongylus pudendotectus {META-
STRONGYLIDAE)t from infected

swine harbor virus at least 2 years, living

meantime in earthw'orms, such as Allolo-

bophora caliginosa {LUMHRICIDAE),
which are eaten eventually by swine.

The swine are refractory to viral infection

during May, June, July, and August, but

the disease may be invoked later by

successive intramuscular injections of

Haemophilus influenzae suis or other

stimuli, such as feeding embryonated

A«cansova. In infected swine, virus oc-

curs in turbinates, tracheal exudates, and

lungs; not in spleen, liver, kidney,

mesenteric lymph nodes, brain, blood, or

mucosa of colon. Neutralizing antibodies

appear later (7th to 10th day) in the mild

filtrate disease tlian in typical swine in-

fluenza, in which they appear about the

6th to the 7th day
;
maximum titer on

14th to 27th day. Experimentally in

mouse, not contagious as in swine and

not dependent on the coexistence of a

bacterial component ;
death of epithelium

of respiratory and 'terminal bronchioles,

complete epithelial desquamation, dilata-

tion of bronchioles, collapse of alveoli; in

healing, widespread epithelial prolifera-

tion. Ex|)erimentally in ferret, mod-

erate apathy, lack of ap()ctite, pallor of

nose, variable catarrhal symptoms; at

acute stage of disease, necrosis of respira-

tory epithelium of nasal mucous mem-
brane, with desquamation of superficial

cells, exudation into air passages and

inflammatory reaction in the submucosa;

repair follows, beginning on the 6th day

after infection and becoming essentially

complete at the end of 1 month; after

recovery, the ferret is immune for 3

months or more, with subsequent waning

of resistance; subsequent subcutaneous

inoculations of virus restore immunity.

Transmission: Presumably by drop-

lets
;
for example between cages of ferrets

as close as 5 feet apart, even to levels 3

feet higher than cage of diseased individ-

uals. Experimentally, from washings of

human throats to ferret, mouse, chick

embryo (by amniotic route and to allan-

toic membrane)
; in mice, by contact and

by inhalation of fine droplets.

Serological relationships: Neutralizing

antibodies common in human sera from

individuals above 10 years of age
; rarer

in sera from young children
; strongly ef-

fective for homologous, weak for hetero-

logous, virus in convalescent sera. Solu-

ble complement -fixing antigen of swine

strain has components in common with

antigens of human strains (PR8 and WS).
Complement fixation best 10 to 14 days

after onset in man. Inactivating capa-

city of nasal secretions proportional to

level of neutralizing antibodies in blood.

Agglutination of red cells by influenza

virus is inhibited quantitatively by
specific antiserum.

Immunological relationships: Specific

immunization of ferrets, without obvious

disease, occurs as a result of intranasal

inoculation of egg-passage influenza virus

that is not transmissible from ferret to

ferret. In mice, immunizing dose is

directly proportional to degree of induced

immunity ;
immunity to the strain used

in immunization is more effective in gen-

eral than that to heterologous isolates of

the virus.

Filterability : Passes Berkefeld V filter.

Other properties: Particle size esti-

mated as 80 to 120 millimicrons by filtra-

tion studies
;
80 to 99 millimicrons by

ultracentrifugation (S,o* * 724 X 10"*

•

cm per sec. per dyne); electron micro-

graphs show bean or kidney-shaped

particles, or round particles with central

dense spot, averaging 77.6 millimicrons in

diameter. Inactivated by oleic, linolic

and linolenic acids without loss of im-

munizing ability. Inactivated by ultra-

violet radiation.

Literature : Andrewes and Glover,
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Brit. Jour. Exp. Path., ff, 1941, 91-97;

Andrewes et al., ibid., 16, 1935, 566-582;

Burnet, ibid., 17, 1936, 282-293; 18,

1937, 37-43; 81, 1940, 147-153; Austral.

Jour. Exp. Biol, and Med. Sci., 14, 1936,

241-246; 19, 1941, 39-44, 281-290; Eaton,

Jour. Bact., S9, 1940, 229-241
;
Eaton and

Pearson, Jour. Exp. Med., 78, 1940,

635-643; Eaton and Rickard, Am. Jour.

Hyg., 55, (B), 1941, 23-35; Elford et al.,

Brit. Jour. Exp. Path., 17, 1936, 51-53;

Francis, Science, 80, 1934, 457-459
;
Jour.

Exp. Med., 69, 1939, 283-300; Francis

and Magill, Science, 88, 1935, 353-354;

Brit. Jour. Exp. Path., 19, 1938, 284-293;

Francis and Shope, Jour. Exp. Med., 63,

1936, 645-653; Francis and Stuart -Harris,

ibid., 68, 1938, 789-802; Francis et al.,

Am. Jour. Hyg., 57, 1943, 294-300; Hirst,

Jour. Exp. Med., 76, 1942, 49-64; Hirst

et al., ibid., 75, 1942, 495-511
;
Proc. Soc.

Exp. Biol, and Med., 60, 1942, 129-133;

Horsfall and Lennette, Jour. Exp. Med.,

73, 1941, 327-333; Hudson et al., ibid., 77,

1943, 467-471
;
Hyde, Am. Jour. Hyg., 36

1942, 338-353; Lennette and Horsfall,

Jour. Exp. Med., 75, 1941, 581-599;

Loosli et al., Jour. Inf. Dis., 78, 1943,

142-153; Lush and Burnet, Austral.

Jour. E.xp. Biol, and Med. Sci., 15, 1937,

375-383; Magill and Francis, Brit. Jour.

E.xp. Path., 19, 1938, 273-284; Nigg et

al., Am. Jour. Hyg., 54 (B), 1941, 138-147;

Orcutt and Shope, Jour. Exp. Med., 62,

1935, 823-826; Ilosenbusch and Shope,

ibid., 69, 1939, 499-505; Shope, ibid., 69,

1934, 201-211
; 68, 1935, 561-572; 64, 1936,

47-61; 57, 1938, 739-748; 74, 1941, 41-47,

49-68
; 77, 1943, 111-126, 127-138; Shope

and Francis, ibid., 64^ 1936, 791-801;

Smillie, Am. Jour. Hyg., 11, 1930, 392-

398; Smith et al.. Lancet, 886, 1933 (8),

66-68; Brit. Jour. Exp. Path., 16, 1935,

291-302
; Smorodintsefif and Ostrovskaya,

Jour. Path, and Bact., 44, 1937, 559-566;

Stock and Francis, Jour. Exp, Med., 71,

1940, 661-681; Straub, Jour. Path, and
Bact., 45, 1937, 75-78; Stuart-Harris,

Brit. Jour. Exp. Path., 17, 1936, 324-328;

18, 1937, 485-492; Sulkin et al., Jour. Inf.

Dis., 69, 1941, 278-284; Tang, Brit. Jour.

Exp. Path., 19, 1938, 179-183; Taylor, (A.

R.), et al.. Jour. Immunol., Virus Res.

and Exp. Chemother., 4^, 1943, 261-282;

Taylor, (R. M.), et al.. Am. Jour. Hyg.,

31, (B), 1940, 36-45; Jour. Inf. Dis., 68,

1941, 90-96; Wells and Brown, Am. Jour.

Hyg., 84, 1936, 407-413.

2. Tarpeia beta spec. nov. From sec-

ond letter of Greek alphabet.

Common name : Influenza B virus.

Hosts : HOMINIDAE—Homo sapiens

L., man. Experimentally, also ferret,

mouse, chick embryo.

Geographical distribution: United

States, England.

Induced disease : In man, siibclinical

disease or one resembling that induced by

influenza A virus. In chick embryo, ex-

|)erimcntally, virus increases in entoder-

mal cells lining allantoic cavity.

Serological relationships: Not neutral-

ized by antiserum to influenza A virus.

Specific neutralization and complement-

fixation reactions. Rapidly adsorlx;d by

normal chicken-blood red cells (95 per

cent in 15 minutt's); relea.sed in 4 hours

essentially completely; the process is

then repeatable with fresh red cells.

Other properties: Particle circular or

bean-shaped in outline, with average di-

ameter of 97.3 millimicrons in electron

micrographs; of 99.8 millimicrons by
centrifugation studies.

Literature : Burnet, Austral. Jour. Exp.

Biol, and Med. Sci., 19, 1941, 291-295;

Francis, Science, 98, 1940, 405^08; Proc.

Soc. Exp. Biol, and Med., 46, 1940, 861-

863; Hirst, Jour. Exp. Med., 76, 1942,

195-209; Lush et al., Brit. Jour. Exp.

Path., 88, 1941 , 302-304
;
Nigg et al.. Am.

Jour. Hyg., 55, 1942, 265-284
; Sharp et al..

Jour. Immunol., Virus Res. and Exp.
Chemother., 45, 1944, 129-153.

3. Tarpeia premens spec. nov. From
Latin premere, to oppress or afflict.

Common name: Common-cold virus.

Hosts : HOMIN IDAE—Homo sapiens
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L., man. Experimentally, also chimpan-

zee, chick embryo.

Geographical distribution : World-wide

except in conditions of isolation of small

communities.

Induced disease : In man, incubation

period about 48 hours ;
mild malady ; run-

ning nose in 81 per cent of cases, obstruc-

tion of nostrils in 44 per cent, sudden

onset in 37 per cent, cough in 31 per cent,

headache in 19 per cent, sore throat in 14

per cent, fever in 13 per cent, inflamma-

tion of eyes in 12 per cent; changes in

weather, especially during a warm season,

predispose to the disease; no correlation

between susceptibility and outdoor exer-

cise, exiKDSure to fresh air while sleeping,

eye color, adenotonsillectomy, or size of

frontal sinus. Incidence inversely pro-

portional to daily hours of sunshine and

atmospheric temperature. Fitness (de-

fined by speed of oxygen replacement)

correlated with relative freedom from

colds. Effect of rest during disease fav-

orable, reducing complications, length of

fever, duration of illness, and period off

duty.

Immunological relationships ; After at-

tack, specific immunity for about 7 weeks

(minimum period 23 days) ;
then exposure

to chilling may cause a relapse, but an

isolated community tends to lose the

virus during the refractory period.

Filtcrability : Passes Berkefeld V and

W as well as Seitz filters.

Other properties: Viable at least 13

days at ice-box tempxjrature, anaerobi-

cally ; at least 4 months frozen and dried

in vacuo. Gum acacia tends to stabilize

virus in chick-embryo tissue medium.

Literature: Dochez et al., Jour. Exp.

Med., 6S, 1936, 559-579; Doull et al.,

Am. Jour. Hyg., 18, 1931, 460-477; 17,

1933 ,
536-561; Gafafcr, ibid., 15, 1931,

771-780; 16, 1932, 233-240, 880-884 ; Jour.

Inf. Dis., 61, 1932, 489-492; Gafafer and

Doull, Am. Jour. Ilyg., 18, 1933, 712-726;

Hyde and Chapman, ibid., 86, 1937, 116-

1^; Kneeland et al., Proc. Soc. Exp.

Biol, and Med., 56, 1936, 213-215; Le

Blanc and Welborn, Am. Jour. Hyg., 84,

1936, 19-24; Locke, Jour. Inf. Dis., 60,

1937, 106-112; Long and Doull, Proc. Soc.

Exp. Biol, and Med., 88, 1930, 53-55-

Maughan and Smiley, Am. Jour. Hyg., 0
1929, 466-472; Noble and Brainard, Jour.

Bact., 89, 1935, 407-409; Palmer, Am.
Jour. Hyg., 16, 1932, 224-232; Paul and
Freese, ibid., 17, 1933, 517-535; Shibley

et al.. Jour. Am. Med. Assoc., 96, 1930,

1553-1556; Smiley, Am. Jour. Hyg., 6,

1926, 621-626; 1929, 477-479.

4. Tarpeia fells spec. nov. From Latin

feles, cat.

Common name : Feline-distemper

virus.

Hosts : FELIDAE—Felis catus L., do-

mestic cat
;
F. pardue, leopard

;
F. tigrina,

American tiger cat; F. aurata, African

tiger cat; F. planiceps, rusty tiger cat;

F. marmorata, marbled cat; F. caracal,

caracal lynx; F. pardalis, ocelot; lion,

tiger, puma relatively insusceptible.

Insusceptible species : Man, dog, ferret,

mongoose, rabbit, rat, mouse, guinea pig.

Induced disease: In domestic cat,

coughing, sneezing, running eyes and

nose, with serous or purulent conjunctivi-

tis, or diarrhea and vomiting; fever to

103 or 105® F; loss of appetite, general

weakness; mortality high, especially

among young individuals; death usualh"

occurs on the lOth to the 12th day, in

extreme cases, however, as earl}" as the

5th or as late as the 35th day; catarrhal

congestion in some part of the gastro-

intestinal tract is typical; this ranges

from a few small patches in the ileum

to involvement of the whole small intes-

tine and parts of the large intestine or

stonmeh and esophagus; often enlarge-

ment and congestion of abdominal lymph
glands, enlargement of spleen, pleurisy,

and peritonitis.

Filtcrability : Passes Berkefeld N and
Chamberland Lj filters.

Transmission : By fomite s.

Immunological relationships: Recov-

ered cats specifically immune.
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Other properties: Viable at least 3

weeks in 60 per cent glycerine; attenu-

ated or killed by drying at room tempera-

ture, but some immunization is reported

if dried virus is injected.

Literature: Dailing, Vet. Record, 16,

1935, 283-289; Findlay, Vet. Jour., 89,

1933, 17-20; Hindle and Findlay, Jour.

Comp. Path, and Therap., 4^, 1932, 11-26;

Verge and Cristoforoni, Compt. rend.

Soc. Biol., Paris, 99, 1928, 312-314.

5. Tarpeia vitulae spec. nov. From
Latin vitula, cow-calf.

Common name : Pneumoenteritis virus

Hosts : BOVIDAE—Bos taurus L., do-

mestic cattle. Experimentally, also

MURIDAE—Mus musculus L., mouse.

Geographical distribution : United

States.

Induced disease : In cattle (calves),

after incubation period of 2 to 4 days,

fever increasing rapidly to 40 or 41® C
and lasting 3 to 5 days

;
usually after first

day of fever, diarrhea with feces soft,

yellow, voluminous, fetid in odor, occa-

sionally blood-tinged or fluid; diarrhea

is followed by pneumonia and recovery

after disappearance of fever; catarrhal

enteritis and a bronchopneumonia usually

confined to the anterior lobes of the lungs

underlie the symptoms
;

no inclusion

bodies in cells of affected tissues.

Transmission: By pen contacts with

infected calves. Experimentally, by in-

tranasal inoculation of calves, using in-

ocula prepared from lungs of infected

mice.

Serological relationships : Recovered
animals develop neutralizing antibodies.

Immunological relationships : A specific

resistance to reinfection is conferred by
an attack of the disease.

Filterability : Passes Berkefeld N filter.

Literature: Baker, Cornell Vet., 3$,

1942, 202-204; Jour. Exp. Med. 78, 1943,

43&-446.

6. Tarpeia canis spec, nov. From I^a-

tin canis, dog.

Common name : Canine-distemper

virus.

Hosts: CANIDAE—’Cants familiaris

L., dog; Vulpes sp., fox. MUSTELI-
DAE—ferret.

Insusceptible species: Man, rabbit,

guinea pig, white rat, cat.

Geographical distribution : Widespread

throughout the world.

Induced disease : In dog, after 4 days

from time of infection, fever and a watery

discharge from the eyes and nose, some-

times inconspicuous but often profuse;

usually diarrhea and wasting followed by

recovery or, exceptionally, death. Virus

passes from the respiratory tract through

the blood stream to its favored sites in

vascular endothelium and cells of the

reticulo-endothelial system. Nuclear in-

clusions are found in liver ceils, bronchial

epithelial cells, glandular cellsof the stom-

ach and intestine, and bile-duct epithe-

lial cells; there are also cytoplasmic

inclusions in bile-duct epithelial cells.

Transmission: By contact. Probably

by air-borne droplets. No arthropod

vector is recognized.

Immunological relationships : Dead-

vaccine treatment followed by living-

virus treatment produces a lasting im-

munity. Virus inactivated by photo-

dynamic effect in 2 mm layer of 1 :50,(XX)

or 1:100,000 methylene blue, exposed 30

minutes at 20 cm from 100 candle-power

lamp, still immunizes. Vaccine may be

dried.

Filterability: Passes Chamberland Lt

and Mandler filters.

Other properties : Viable in liver tissue

at 10® C for 35, not 85, days ;
in glycerine-

saline solution at 10® C, 67 days though

deteriorated; in vacuum-dried liver tis-

sue, at 10® C, 90 days. If dried from

frozen state, virus is viable in vacuum at

least 430 days at 7® C, in oxygen-free

nitrogen at least 365 days at 7® C. Viable

in 26 per cent sterile horse serum at —24®

C more than 693 days.

Literature: Carr6, Compt. rend. Acad.

Sci.. Paris, 140, 1905, 689-690; Dalldorf,
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Jour. Exp. Med., 70, 1939, 19-27; De
Monbreun, Am. Jour. Path., IS, 1937,

187-212; Dunkin and Laidlaw, Jour.

Comp. Path, and Therap., 59, 1926, 201-

212, 213-221; Green and Evans, Am.
Jour. Hyg., $9 (B), 1939

,
73-87

; Laidlaw

and Dunkin, Jour. Comp. Path, and

Therap., S9, 1926, 222-230; 41, 1928, 1-17,

209-227; Perdrau and Todd, ibid., IS,

1933, 78^80; Siedentopf and Green, Jour.

Inf. Dis., 71, 1942, 253-259; Wharton and

Wharton, Am. Jour. Hyg., 19, 1934,

189-216.

7. Tarpeia vulpis spec. nov. From
Latin vulpes, fox.

Common name ; Fox-encephalitis virus.

Hosts : CA N IDAE— Vnlpes sp., silver

fox. Experimentally, also some, but not

all, dogs; coyote.

Insusceptible species : Gray fox, mink,

ferret, sheep, laboratory rabbit.

Geographical distribution: United

States.

Induced disease: In fox, after 2 days

from time of infection, loss of appetite,

slight nasal discharge ;
convulsions with

early death or hyperexcitability, blind

walking, letliargy
,
flaccid or spast ic paral-

ysis, muscular twitching, fearful ness,

weakness, coma and death; many more

foxes become infected in epizootics than

show obvious disease, some l>eing symp-

tomless carriers ;
12 to 20 per cent fatali-

ties may be experienced among young

foxes on ranches, 3 to 9 per cent among
adults. Intranuclear inclusions in vascu-

lar endothelial cells especially in cerebral

endothelium; sometimes in hepatic cells

and endothelial cells of liver and kidney

;

no intracytoplasmic inclusions; virus in

heart blood, spleen, and brain
;
in carriers,

virus is believed to persist in focal lesions

in upper respiratory tract. Experimen-

tally in susceptible dogs, sometimes

coryza, discharge from eyes and nose

often purulent, commonly fits of excite-

ment, coma, death; recovery rare; cellu-

lar inflltration in the central nervous sys-

tem, focal necrosis of the liver; specific

intranuclear inclusions in cells of the
vascular endothelium, meningeal cells,,

reticulo-endothelium, hepatic cells, and
occasionally in cortical cells of the

adrenal.

Transmission : Experimentally, by skin

scarification, intramuscular injection, in-

trapcritoneal injection, inoculation of

cisterna, intratesticular injection, inocu-

lation of nasal cavity
; not by corneal

scarification.

Immunological relationships ; Injec-

tions of this virus afford no immunity to

subsequent infection by canine distemper

virus.

Filterability : Passes Berkefeld N filter.

Other properties : Viable in 50 per cent

glycerine for several years, in carcass for

several days.

Literature: Barton and Green, Am.
Jour. Hyg., S7, 1943, 21-36; Green, Proc.

Soc. Exp. Biol, and Med., SS, 1926, 677-

678; Am. Jour. Hyg., IS, 1931, 201-223;

Green and Dewey, Proc. Soc. Exp. BioL

and Med., S7, 1929, 129-130; Green and

Evans, Am. Jour. Hyg., S9 (B), 1939,

73-87; Green and Shillinger, ibid., 19,

1934, 362-391; Green et al., ibid., 12,

1930, 109-129; 74, 1931, 353-373; iS, 1933,

462-481
; 19, 1934, 343-361 ; 21, 1935, 366-

388; 24, 1936, 57-70; Lucas, Am. Jour.

Path., 16, 1940, 739-760.

8. Tarpeia vlvenrae spec. nor. From
Latin viverra, ferret.

Common name: Ferret -distemper

virus.

Host: MUSTELIDAE—Mustela furo,

ferret.

Insusceptible species : Dog, mouse, rat,

guinea pig, rabbit.

Geographical distribution: United

States.

Induced disease: In ferret, fever to

105 or 106® F, lethargy, loss of appetite,

conjunctivitis with exudate closing eyes,

sometimes a purulant nasal discharge,

weight loss small, sneezing rare, difliculty

in breathing, death 14 to 56 days after

inoculation (average 20 days), sometimes



1274 MANUAL OF DETERMINATIVE BACTERIOLOGY

preceded by convulsions and other nerv-

ous signs *, fatality rate 70 to 100 per cent.

Transmission: By cage contacts. By
feeding. Experimentally by intranasal,

subcutaneous, or intradermal inoculation.

Immunological relationships: In im-
munized animals, no cross immunity with

eanine distemper virus nor with human
influenza virus.

Thermal inactivation: At 60® C in 30

minutes.

Filterability : Passes Berkefeld N filter.

Other properties : Viable at least 3, but

not 5, months in 50 per cent neutral gly-

cerine
;
at least 4 months when frozen and

dried in vacuo.

Literature : Slanetz and Smetana, Jour.

Exp. Med., 66, 1937, 653-666; Spooner,

Jour. Hyg., 5S, 1938, 79-89.

9. Tarpeia avium spec. nov. From
Latin aves, fowl of the air.

Common names : Laryngotracheitis

virus; also known as infectious laryn-

gotracheitis virus and as infectious bron-

chitis virus.

Hosts : PHAS IAN 1DAE—Gallus gal-

lu8 (L.), chicken. Experimentally, also

P IIASIA N IDAE—pheasant
; Fi hybrid

l)etween male Ringneck phea.sant and

female bantam chicken; chorioallantoic

membrane of developing chicken embryo

(with macroscopic lesions on membrane
as a result of proliferative and necrotic

changes) ;
turkey embryo.

Insusceptible species : Guinea fowl (no

evidence of disease on inoculation) ; white

rat, guinea pig, rabbit ; embryos of pigeon,

guinea fowl, and duck.

Geographical distribution : United

States, Canada, Australia.

Induced disease : In domestic chicken,

mostly among pullets and yearling hens,

loss of appetite, lachrymation from one or

both eyes, respiratory distress, hemor-

rhagic and mucous exudate in lumen of

trachea and occasionally in the bronchi

;

death as a result of asphyxiation or, more
often, recovery; recovered birds occa-

sionally carry the virus in the upper

respiratory tract for some time (a period

of 467 days has been recorded) ; virus is

not found on eggs during an outbreak in

a flock, but is always in trachea of an

affected bird; intranuclear inclusions in

tracheal lesions ;
virus has special affinity

for mucous membrane of eye, nostril,

larynx, trachea, cloaca, and bursa of

Fabricius ; usually affects more than half

the birds in a flock, with a mortality of 5

to 60 per cent (averaging between 10 and

20 per cent).

Transmission: By contacts. Experi-

mentally, by intrabursal injection (in

bursa of Fabricius) or by rubbing the

mucous membrane in the dorsal region of

the outer or proctodeal part of the cloaca

with a small cotton swab moistened with

a suspension of virus.

Serological relationships : Serum from

recovered fowl neutralizes virus; dilution

tends to reactivate neutralized virus.

Immunological relationships: Experi-

mental infection of cloaca and bursa of

Fabricius, especially in 2 to 4-month-<:)ld

birds, immunizes against infection by
subsequent tracheal inoculation.

Thermal inactivation ; At 55.5® C in 10

to 15 minutes
;
at 60° C in 2 to 3 minutes

;

at 75° C in i to i minute; all tests with

virus in the presence of tracheal exudate.

Filterability : Passes Berkefeld V and
N filters.

Strains : \ Victorian strain has been re-

portetl as of low virulence for fowls.

Other properties : Inactivated in 5 per

cent phenol in 1 minute; in 3 per cent

cresol compound in J minute ; in 1 per cent

sodium hydroxide in \ minute. Viable in

tracheal fluid in dark for 75, not 110, days

;

in light for 6, not 7, hours
;
in buffer solu-

tion at pH 7.4 for 131 days; at 4 to 10® C
in dark for at least 217 days ; in dried state

for at least 661 days. Viable in dead
body at 37° C for 22, not 44, hours; at 13

to 23° C for 10, not 15, days
;
at 4 to 10®

C for 30, not 60, days.

Literature: Beach, Science, 1930,

633-034; Jour. Exp. Med., 54, 1931, 809-

816; Jour. Inf. Dis., 57, 1935, 133-136;
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Beach et al., Poultry Science, IS, 1934,

218-226; Beaudette and Hudson, Science,

76, 1932, 34; Jour. Am. Vet. Med. Assoc.,

82 (N.S. 35), 1933, 460-476; 96, 1939, 333-

339; Brandly, ibid,, 88 (N.S. H), 1936,

587-599; Jour. Inf. Dis., 67, 1935, 201-

206; Brandly and Bushnell, Poultry

Science, IS, 1934, 212-217; Burnet, Brit.

Jour. Exp. Path., 16, 1934, 52-55; Jour.

lOxp. Med., 6S, 1936, 685-701
;
Burnet and

Foley, Austral. Jour. Exp. Biol, and Med.
Sci., 19, 1941, 235-240; Gibbs, Jour. Am.
Vet. Med. Assoc., 81, (N.S. S4), 1932,

651-654; Massachusetts Agr. Exp. Sta.,

Bull. 295, 1933, ibid., Bull. Sll,. 1934

Hinshaw et al., Poultry Science, 10 , 1931

375-382
; Hudson and Beaudette, Science

76, 1932, 34 ; (^rnell Vet., 22, 1932, 70-74

Kernohan, California Agr. Exp. Sta.

Bull. 494, 1930, 3-22
;
Jour. Am. Vet. Med

Assoc., 78 (N.S. SI), 1931, 553-555

Komarov and Beaudette, Poultry Sci

once, 11, 1932, 335-338; May and Tittsler

Jour. Am. Vet. Med. Assoc. ,67, (N.S. 20)

1925, 229-231; Sclialm and Beach, Jour

Inf. Dis., 66, 1935, 210-223; Seifried

Jour. Exp. Med., 64, 1931, 817-S26.

Genus 111. Tortor gen. nov.

Viruses of the Ilog-Cholcra Group, inducing diseases characterized by involvement

of manj^ tissues. Generic name from Latin tortor, tormentor.

The type species is Tortor suis spec. nov.

Key to the species

1.

In mammals.
A. Infecting swine.

B. Infecting cattle.

C. Infecting the horse.

D. Infecting sheep.

E. Infecting cat.

II. In birds.

1. Tortor suis spec. nov. From I>atin

BUS, hog.

Common names : Hog-cholera virus,

swine-fever virus.

Host: SUIDAESus scrofa L., do-

mestic swine. Warthog (symptomless

carrier).

Insusceptible species: Dog, cat, cow,

horse, donkey, sheep, goat, rabbit, guinea

pig, mouse, rat, goose, hen, duck, pigeon.

Geographical distribution : Almost uni-

versal in pig-breeding countries, espe-

of genus Tortor.

1. Tortor suit*.

2. Tortor boiis.

3. Tortor equorum.

4. Tortor equo:.

5. Tortor ovts.

6. Tortor felis.

7. Tortor galli.

8. Tortor furens.

cially in Europe, the British Isles, North

and South America.

Induced disease : In swine, after intra-

muscular injection, increased tempera-

ture and prostration within 2i to 3 days

;

later lymph nodes enlarged, sometimes

hemorrhagic
;
hemorrhages under capsule

of kidneys. Virus may remain in blood

of recovered pigs for 10 months. Ac-

quired immunity is lasting, but most

naturally infected animals die in newly

infected herds. Virus has been cultured
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in minced swine testicle on solid serum-

agar and on egg membrane, increase being

limited to the living tissues from the

swine and furnishing inoculum active in

amounts as small as ml.

Transmission : By feeding. Through
air contamination. Rarely by contact.

Experimentally, by subcutaneous injec-

tion. Urine highly infective. Virus in

blood and all tissues early in disease.

Serological relationships : Immune
serum affords passive protection.

Thermal inactivation : At 65° C in 30

minutes
;
at 60° C in 10 minutes. At 72°

C in 1 hour in dried blood.

Filterability : Passes Berkefeld filter.

Other properties : Viable in blood in

cool, dark place at least 6 years.

Literature : De Kock et al., Onder-

stepoort Jour. Vet. Sci. and Anim. In-

dust., 14t 1940, 31-93; Hecke, Cent. f.

Bakt., I Abt., Orig., m, 1932, 517-526;

Montgomery, Jour. Comp. Path, and

Therap., 54, 1921, 159-191
; lldhrer, Arch.

Tierheilk., 62, 1930, 345-372, 439-462;

64, 1931, 124-143; TenBroeck, Jour. Exp.

Med., 74, 1941, 427-432, .

2. Tortor bovis spec, nov. From Latin

60s, cow.

Common names : Cattle-plague virus,

virus of pestis bovina, runderpest virus,

Rinderpest virus.

Hosts : BOV IDAE—Bos iaurus L., do-

mestic cattle; swine, buffalo, zebu cattle,

sheep, goat, camel, deer. Koedoe, eland,

bushbuck, duiker, and other antelopes.

Insusceptible species : Man, solipeds,

carnivora.

Geographical distribution : Widespread

over Asia and the Asiatic islands. At
times in Western Europe. Enzootically

in Turkey. Periodically in North Africa,

especially in Egypt ; at times throughout

Africa. Not in North America. At
times in South America, Australia (sup-

pressed quickly).

Induced disease: In domestic cattle,

after 3 to 9 days, febrile reaction, restless-

ness, loss of appetite, cessation of rumina-

tion; fever highest at 5th or 6th day of

disease, then temperature drops to normal

or subnormal and diarrhea begins
;
muzzle

dry, coat staring, hair dull, skin moist in

parts; twitching of superficial muscles,

grinding of teeth, arching of back, glairy

discharge from nose, redness of mucous

membranes; restlessness increases, diar-

rhea becomes severe with fetid, blood-

stained or blackish liquid discharges;

weakness, drooping of ears, occasional

yawning, coldness of extremities; occa-

sionally excitement precedes weakness;

skin may become red and moist, showing

protuberances and vesicles, with matted

hair; later wrinkling and scab formation

;

conjunctiva red, eyelids swollen, tears

flowing, followed by mucous, then puru-

lent, discharge; sometimes a cough

develops and respirations become rapid;

red spots inside mouth develop into ero-

sions or ulcers, often confluent
;
pregnant

animals often abort; milk of cows de-

creases, sometimes becoming yellow and
w’atery. Death is sometimes early (1 to

2 days after first manifestations of dis-

ease), more often delayed (4 to 7 days);

sometimes animals live 2 or 3 weeks or

longer. Disease milder and more chronic

where enzootic
;
morbidity to 100 per cent

and mortality to 96 per cent in new areas.

Recovered animals show a lasting, sterile

mmunity. Urine, feces, nasal and lach-

rymal discharges, sweat
,
aqueous humour,

cerebrospinal fluid, lymph, emulsions of

viscera and muscles, and blood are infec-

tive during the course of the disease.

Transmission : By contact, even during

prodromal period; by contaminated food,

troughs, or other articles. No insect

vector is known.

Immunological relationships: One at-

tack confers a lasting immunity, except

rarely, when a mild second attack may
occur. A calf from a diseased mother

may be resistant if pregnancy was far

advanced when the disease occurred.

Filterability : Passes Berkefeld V filter

candle, with difficulty.

Other properties : Remains infective at



FAMILY CHARONACEAE 1277

least 2 weeks at 0® C in virulent blood,

less than 2 days in hides dried in direct

sunlight, 3 days in contaminated wool, as

long as 12 days in meat
;
is inactivated by

glycerine, bile, chloroform, formalin, and

2 per cent phenol
;
is virulent at least 25

days in body of leech, Ilirudo boyntoni

Wliarton (HIRUDIDAE), fed on sick

animal.

Literature : Boynton, Philippine Agr.

Rev., fO, 1917, 410-433; Daubney, Jour.

Comp. Path, and Therap., 1928, 228-

248; 263-297; Hornby, ibid,, 41, 1928, 17-

24; Pfaff, Onderstepoort Jour. Vet. Sci.

and Anim. Indust., 11, 1938, 263-330; 16,

1940, 175-18^1; Weston, Jour. Am. Vet.

Med. Assoc., 66 (N.S. 19), 1924, 337-350.

3. Tortor equorum spec. nov. From
Latin equus, horse.

Common names : Horse -sic knees virus,

African horse -sickness virus, virus of

pestis equorum, virus of i)erdo8iekte,

virus of South African Pferdesterl^e.

Hosts: EQU IDAE—Equus caballus

L., horse; perhaps E. asinus L., donkey.

Experimentally, also CA NIDAE—Cants

familiaris L., dog. CA VI IDAE—Carm
porcellus (L.), guinea pig. MVRIDAE
—Rattus norwegicus (Erxleben), wild and
albino rat

;
mouse

;
Angora goat

;
Mastomys

concha, multimammate mouse; Tatera

lobengula, gerbille
;
chick embryo (but no

virus in hatched chick). Mule and zebra

relatively resistant.

Insusceptible 8i>ecie8: IIOM INIDAE
—Homo sapiens L., man. LEPORI-
DAE—Oryctolagus cuniculus (L.), rabbit

(no observed disease).

Geographical distribution: Africa, es-

pecially in coastal regions and river

valleys.

Induced disease: In the horse, four

types of disease are recognized. Horse-

sickness fever, prodromal period 5 to 28

days, rise of body temperature to 105® F
in 1 to 3 days, with return to normal

temperatures in another day or two;

sometimes loss of appetite, redness of

conjunctiva, labored breathing, and ac-

celerated pulse ; recovery prompt'. Dun-
kop or acute pulmonary horse-sickness,

prodromal period of 3 to 5 days, severe

dyspnea, fever, coughing, frothing at

nostrils; fever to 106® F, breathing rate

to 60 a minute, nostrils dilated, head and
neck extended, ears drooping, sweating,

progressive weakness; often fatal. Dik-

kop, or cardiac form of horse -sickness,

prodromal period 5 to 21 days, fever

develops slowly, lasts long; edematous

swellings of head and neck, symptoms of

cardiac dyspnea, sometimes blood spots

on conjunctiva, mucous membranes of

mouth and tongue bluish, restlessness;

sometimes fatal outcome. Mixed form

of horse -sickness, combining features of

pulmonary and cardiac typ>es. Horses

recovering from natural infections are

known as “salted’* and possess heightened

resistance to the disease.

Transmission: Not by contact. Mos-

quitoes and biting flies have Ix'cn sus-

pected as vectors. Exi)erimentally, by

intravenous or subcutaneous injection.

Serological relationships : Serologically

distinguishable strains exist.

Immunological relationships: Immun-
ity to homologous strain complete after

an attack (horse then known as “salted”

for that strain), but immunity to hetero-

logous strains incomplete. Antibodies

absent from young at birth but as high in

titer as in dam within 30 hours, presum-

ably from colostral milk; declining gradu-

ally over a i^eriod of about 6 months.

Thermal inactivation ; At 57.5 to 60® C
in 10 minutes.

FiUerability : Passes Berkefeld, Cham-
berland F, and Seitz EK filters.

Other properties: Viable dry at least

15 months. Stable in alkaline solutions

(to pH 10), unstable in acid (beyond pH
6.0). Scrum-saline solutions preferable

to saline solutions for storage. Particle

diameter determined as 40 to 60 milli-

microns (mean 50 millimicrons) by filtra-

tion methods, 45.4 millimicrons by cen-

trifuging. Density 1.25 gm per ml.

Isoelectric point at pH 4.8.
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Literature : Alexander, Onderstepoort

Jour. Vet. Sci. and Anim. Indust.,

1935, 291-322, 323-348, 349-377, 379-388;

7, 1936, 11-16; 11, 1938, 9-19
; Alexander

and DuToit, Ibid,, 2, 1934 ,
375-391;

Alexander and Mason, ibid,, 16, 1941,

19-32; Alexander et al., ibid,, 7, 1936,

17-30; DuToit ct al., ibid,, 1, 1933, 21-24,

25-50; Henning, in Animal Diseases in

South .Africa, Central News Agency,
Limited, South Africa, f, 1932, 516-538;

M’Fadycan, Jour. Comp. Path, and
Therap., IS, 1900, 1-20; 2S, 1910, 27-33,

325-328; Nieschulz and DuToit, Onder-
stepoort Jour. Vet. Med. and Anim.
Indust., 8, 1937, 213-268; Poison, ibid,,

16, 1941, 33-50, 51-66; Nature, 148, 1941,

593-594; Theiler, Deutsch. tierarztl.

Wochenschr., 9, 1901, 201-203, 221-226,

233-237, 241-242; Report for 1905-1906 of

the Govt. Veterinary Bacteriologist,

Transvaal Dept. .\gr.. 1907, 160-162;

Jour. Comp. Path, and Therap., 2S, 1910,

315-325.

4. Tortor equae spec, nov. From Latin
equa, mare.

Common name : Mare-abortion virus.

Hosts: EQUIDAE—Equus caballus

L., horse. Experimentally, also Syrian
hamster (newborn); tissues of human
placenta grafted on the chorioallantois of

the chick embryo.

Insusceptible species: Chicken (em-
bryo

; no observed susceptibility).

Induced disease : In horse, small, mul-
grayish white areas of necrosis in

the livers of aborted fetuses
; acidophilic

intranuclear inclusions in hepatic cells

around these foci, in epithelial cells of

bile ducts, and in bronchial epithelium;

petechial hemorrhages in the heart,

spleen, and lungs; excess fluid in the
thoracic cavity.

Transmission: By contact. By living

in contaminated stalls.

Literature : Anderson and Goodpasture,
Am. Jour. Path., 18, 1942, 665-561;

Dimock, Jour. Am. Vet. Med. Assoc., 96,

1940, 665-666; Dimock and Edwards,
Cornell Vet., 26, 1936, 231-240; Goodpas-

ture and Anderson, Am. Jour. Path., 18,

1942, 563-575; Hupbauer, MUnch. Tier-

iirztl. Wchnschr., 89, 1938, 37-38; Miess-

ner and Harms, Deutsche Tier&rztl.

Wchnschr., 48, 1938, 745-748.

5. Tortor ovls spec. nov. From I^tin

ovis, sheep.

('ommon name : Blue-tongue virus.

Hosts: BOV IDAE—Ovis aries L.,

sheep; Bos taurus L., cattle.

Geographical distribution: South
Africa.

Induced disease : Both sheep and cattle

may carry the virus at times without

obvious manife8tation.s of disease or there

may be severe manifestations. In sheep,

experimentally, diffuse hyperemia of

buccal mucosa, especially of lips; then

petechiae and ecchymoses followed by
excoriations and necrosis of the mucous
membrane, especially on lips, tongue,

inside of cheeks, dental pad, gums, muz-
zle, and external nares; sometimes deep
seated necrotic ulcers on tongue de-

veloping from the more usual 8u;xirficial

necrotic process
;
mucoid discharge from

nostrils, becoming muco-hemorrlmgic

;

commonly frothing at the mouth in early

stages of the di.sease; frequently redden-
ing of skin of lips and nose

;
rarely whole

skin becomes flushed and wool is shed;
often swelling of vulva with necrotic

changes on borders and petechiae in

mucosa
; tongue sometimes swollen ; lame-

ness common and severe; recovery or

death. In cattle, edema of lips and
tongue; hyperemia of oral mucosa; mul-
tiple hemorrhages in skin, lips, mucous
membrane of the lips, tongue, dental pad,
buccal cavity, small intestine, myocar-
dium, epicardiuin, and endocardium, less

frequently in the trachea, nasal cavity,

bladder, urethra, pulmonary artery, and
pleura; localized necrotic areas followed

by ulceration on lips, gums, the dental
pad, tongue, mucous membrane of the
rumen, pylorus of the stomach, and the
external nares

; scattered skin lesions with
reddening, slight exudation, crusting,

sloughing of crusts and hair together,
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mucoid or mucopurulent discharge from

nostrils
;

prognosis favorable in mild

cases, but disease occasionally terminates

with death.

Transmission: Not by contact; arth-

ropod vector suspected.

Other properties : Infective particle

calculated to be 87 to 105 millimicrons in

diameter by sedimentation studies, 100

to 132 millimicrons in diameter by ultra-

hltration.

Literature ; Bekker et al., Onderste-

poort Jour. Vet. Sci. and Anim. Induat.,

1934, 393-507; De Kock et al., ibid., 5,

1937, 129-180; Henning, in Henning, M.
W., Animal Diseases in South Africa,

Central News Agency, Ltd., South
Africa, 1932, vol. 2, chapter 27, pages

503-515; Mason and Xeitz, Onderstepoort

Jour. Vet. Sci. and Anira. Indust., 16^

1940, 149-157; Nieschulz et al., f,

1934
,
509-562; Poison, Nature, 1 45, 1941,

593-594.

6. Tortor fells spec, nov. From Latin

feles, cat.

(k)mmon names : Panleuoopenia virus,

infectious feline agranulocytosis virus, in-

fectious aleucocytosis virus, feline en-

teritis virus.

Host: FELIDAE—‘Fclis catus L., do-

mestic cat.

Insusceptible species : White mouse,

guinea pig, domestic rabbit, ferret;

Citellus richardsonii (Sabine), ground

squirrel.

Geographical distribution : United

States, Germany.

Induced disease : In cat, variable ef-

fects, some individuals little affected,

others listless, recumbent, refusing food,

showing some vomiting, diarrhea, nasal

and ocular discharges; often death, after

a few minutes of fibrillary twitching and
terminal clonic convulsions, before there

is much loss of weight; sometimes recov-

ery with return of appetite. Profound

leucopenia and marked relative lympho-
cytosis without thrombopenia or appreci-

able anemia; proliferation of reticulo-

endothelial cells of lymph nodes and

spleen; intranuclear inclusion in cells of

gastro-intestinal mucosa, spleen, lymph
nodes, bone marrow, and bronchial

mucosa.

Transmission: Perhaps by nasal drop-
lets or contaminated food. No arthropod
vector recognized. Experimentally by
oral, intragastric, cutaneous, subcutane-
ous, intraperitoneal, intravenous, and
intranasal routes.

Serological relationships : Sera from
panleucopenia-immune cats protects

against agranulocytosis virus.

Immunological relationships : Cats im-
mune as a result of earlier infection with
agranulocytosis virus resist later inocula-

tion with panleucopenia virus. Previous

inoculation ineffective if made with hog-

cholera virus or fox-encephalitis virus.

Filterability : Passes Berkefeld V, N,
and W filters and Seitz EK discs.

Other properties : Remains active in 50

per cent glycerine at least 138 days in

tissues; not inactivated by drying while

frozen, nor by freezing at about —80® C.

Literature : Hammon and Enders, Jour.

Exp. Med., 69, 1939, 327-352; 70, 1939,

557-564; Kikuth et al.. Cent. f. Bakt., I

Abt., Orig., H6, 1940, 1-17
; Lawrence

and Syverton, Proc. Soc. Exp. Biol, and
Med., S8, 1938, 914-918; I^wrence et al.,

Jour. Exp. Med., 77, 1943, 57-64; Am.
Jour. Path., 16, 1940, 333-354; Syverton

et al.. Jour. Exp. Med., 77, 1943, 41-56.

7. Tortor galli spec, nov. From Latin

gallus, cock.

Common names: Fowl-plague virus,

fowl-pest virus.

Hosts: Chiefly chicken, turkey, goose.

Experimentally, also ferret, rhesus mon-

key, hedgehog, pigeon, duck, canary,

mouse, rat, rabbit. Multiplies in em-
bryonated hen’s egg; edema, but no dis-

crete primary lesions in chorioallantoic

membrane.
Geographical distribution ; Widespread

throughout Europe, North and South

America, Asia.

Induced disease: In chicken, loss of

appetite, tendency to leave companions
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and seek shade, drooping of wings and

tail ; eyes closed or partly closed ; some

dyspnea; in some cases, edema of head

and neck; in late stages, sometimes

cyanosis of comb and skin; staggering,

twitching, or spasms; fever may disap-

pear and temperature become subnormal

before death; recovery in about 30 per

cent of all cases; linear and punctiform

hemorrhages throughout body.

Transmission : Method of natural trans-

mission unknown. The fowl louse, Goni-

aides dissimilis (PHILOPTERlDAE)

^

has been suspected as vector (Maggiora

and Tombolato, Rendiconti, Accademia

delle Scienze dellTnstituto di Bologna,

n.s. 27

^

1923, 200-203). Experimentally,

by subcutaneous, intramuscular, and

intravenous injection.

Serological relationships ; Specific neu-

tralizing antiserum does not react with

influenza virus. No reaction of fowl-

plague virus with antisera specific for

canine distemper, influenza, or Rift

Valley fever viruses.

Thermal inactivation: At 55® C in 1

hour in whole blood or brain.

Filterability : Passes membrane of

average pore diameter 150, not 100, not

ordinarily 125, millimicrons. Passes

Berkefeld and Chamberland filters.

Other properties : Particle diameter es-

timated by filtration as 60 to 90 millimi-

crons; by centrifugation, as 120 to 130

millimicrons. Viable after exposure in

1 ; 10,000 dilution for 10 minutes, in 2 mm
layer of 1:50,009 methylene blue, 15 cm
from a 300 candle-power filament lamp.

Withstands drying. Precipitates from

salt-free solutions or in presence of half-

saturated ammonium sulphate solutions;

virus held to be of globulin nature by

Mrowka, Cent. f. Bakt., I Abt., Orig.,tf7,

1912, 249-268.

Strains : Variant strains have been

produced by intracerebral passage in

brains of canaries and mice.

Literature : Bechhold and Schlesinger,

Biochem. Ztschr., 236

^

1931, 387-414;

Ztschr. Hyg. Infektionskr., 112, 1931,

668-679; Burnet and Ferry, Brit. Jour.

Exp. Path., IS, 1934, 56-64; Centanni,

Cent. f. Bakt., I Abt., Orig., 31, 1902,

145-

152, 182-201
;
Elford and Todd, Brit.

Jour. Exp. Path., 14, 1933, 240-246;

Findlay and Mackenzie, ibid., 18, 1937,

146-

155, 258-264; Findlay et al., Jour.

Path, and Bact., 4^, 1937, 589-596 ;
L4pine

Compt. rend. Soc. Biol., Paris, 121, 1936,

509-510; Mackenzie and Findlay, Brit.

Jour. Exp. Path., 18, 1937, 138-145;

Nieschulz and Bos, Cent. f. Bakt., I Abt.,

Orig., 131, 1934, 1-6; Plotz and Haber,

Compt. rend. Soc. Biol., Paris, 125, 1937,

339-340.

8. Tortor furens spec. not*. From
Latin furere, to rage.

Common name : Newcastle-disease

virus.

Hosts : P IIASIA NIDAE-Gallus gal^

lus (L.), domestic chicken. liOMINI-
DAE—Homo sapiens L., man (by labora-

tory accident). Experimentally, also

pigeon; chick embryo (with primary

lesions and cytoplasmic inclusions in

chorioallantoic membrane).

Geographical distribution: England,

probably also East Indies, Korea, Japan,

India, Australia.

Induced disease : In chicken, acute,

febrile, highly contagious, usually fatal

disease resembling fowl plague; loss of

appetite, crouching attitude, half closed

eyes, rapid respirations, watery yellow-

ish-white diarrhea with nauseating odor

;

death usually between 6th and 8th day.

In man, accidentally infected in labora-

tory by virus sprayed into eye, virus

recoverable from temporarily inflamed

eye ; recovery in 8 days with gradual in-

crease of specific antibodies in blood.

Transmission : By contact between
healthy and diseased birds.

Serological relationships : Antiserum

effective in neutralizing homologous

virus.

Immunological relationships : Chickens

immune to infection by fowl-plague virus

are susceptible to infection by this virus
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and vice versa. Immunization to this

virus does not decrease susceptibility to

comb or mouth form of fowl pox.

Thermal inactivation: At 60'’ C in 1

hour ; not at 66'’ C in 30 minutes.

Filterability : Passes Berkefeld, Cham-
berland La, and Seitz hlters.

Other properties : Particle diameter

calculated from filtration experiments to

be 80 to 120 millimicrons. Not inacti-

vated in 30 minutes in 1 : 50,000 methylene
blue solution in 2 mm layer 15 cm from a

300 candle-power filament lamp.

Literature: Burnet, Med. Jour. Aus-
tralia, SOf 1943, 313^314; Burnet and
Ferry, Brit. Jour. Exp. Path., 16, 1934,

66-64; Doyle, Jour. Comp. Path, and
Therap., 40, 1927, 144-169.
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FAMILY V. TRIFURACEAE FAM, NOV.

Viruses of the Infectious Anemia Group, inducing diseases mainly characterized by

disturbances in balance of blood cells. There is a single genus.

Genus Trifur gen. nov.

With characters of the family. Generic name from Latin irijur^ arrant thief.

The type species is Trifur equorum spec, nov.

Key to the species of genus Trifur.

I. Affecting horse.

II. Affecting fowl.

1. Trifur equorum spec. nov. From
Latin eguus, horse.

Common name : Equine infectious-

anemia virus.

Hosts: EQUIDAE—Equus caballus

L., horse; E. asinus L., donkey. //O-

MINIDAE—Homo sapiens L., man.

Experimentally, also EQ VIDA E—Equus

asinus X E. caballus^ mule. SUIDAE
—Sus scrofa L., swine.

Insusceptible species : BO VIDAE—
Bos taurus L., cattle; Ovis aries L.,

sheep; Capra hircus L., goat. CANl-
DAE—Canis familiaris L., dog.

Geographical distribution : Europe,

Union of South Africa, United States,

Canada, Japan ; at times in most parts of

the world; not Australia.

Induced disease: In horse, progressive

anemia with eventual death or clinical

recovery and retention of virus; disease

may be acute, subacute, or chronic; in

acute disease, temperature rise to 104 to

105® F. or even 106 to 107® F, remaining

high much of the time until death or

change to subacute or chronic form; in

the acute form of the disease there is dull-

ness, decreased appetite, drooping of

head, flexing of limb not supjx)rting

weight; sometimes increase in pulse

frequency to 70 or even 100 a minute but

oftener rates around 50 a minute; con-

junctiva sometimes colored orange, with

injection of vessels and petcchiae, later

becoming muddy colored or pale red,

membrane edematous; uncertain gait,

1. Trifur equorum.

2. Trifur gallinarum.

trailing of hind feet, prostration, some-

times death; subacute disease milder and

with remissions
;

chronic disease still

milder, anemia conspicuous, sometimes

death from debility or at end of a febrile

attack; blood infective long (3 to 7 years)

after clinical recovery; urine infective to

horse by mouth. In man, diarrhea al-

ternating with constipation, herpes-like

exanthema on abdominal wall, bl(x>d

sometimes in feces; ix?r8istent headache,

temperature normal
;
later, lumbar jmins,

generalized edema, general debility, loss

of flesh, pallor of face and mucosae; fil-

tered blood in 1 ml. amount fatal to

horse, inducing infectious anemia; im-

provement after 2 to 4 years. In swine,

ex{)erimentally, sometimes no outward
and obvious signs of disease but blood

abnormal and infective ; sometimes severe
anemia, fever, prostration, loss of appe-

tite.

Thcrnml inactivation: At 58 to 60® C
in 1 hour.

Filterability : Passes lierkefeld V filter

candle.

Other properties: Viable in blood in

citrate saline at —2® C for at least a year.

Drying does not inactivate in 10 days but
does in 1 month.

Literature : DcKock, Union of South
Africa, Dept, of Agr., 9th and 10th Re-
ports for 1923, Pretoria 1924, 253-313;

Ilabersang, Monatshefte fttr prakt. Tier-

heilk., SO, 1920, 171-176; Kuteche, ibid.,

SO, 1920, 557-568; Peters, Jour. Am. Vet.
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Med. Assoc., 66, 1924, 363-366; Theiler

and Kehoe, Union of South Africa, Dept,

of Agr., 3rd and 4th Reports of the Direc-

tor of Veterinary Research, 1915, 216-289.

2. Trifur gallinarum spec. nov. From
Latin gallina, hen.

Common name : Fowl -leucosis virus.

Host : Gallus gallus (L.), chicken.

Geographical distribution : United

States, England, Europe.

Induced disease: In chicken, neuro-

lymphomatosis, with eye lesions (slate

gray or bluish color replacing normal bay

color of iris), anemia, heraocytoblastosis,

lymphoid, erythroid or myeloid types of

leucosis; the hemocytoblastosis is fol-

lowed by infiltration of the central ner-

vous system, peripheral nerves, iris, and

many visceral organs by hemocytoblaats

and lymphocytes, producing lesions some-

times resembling neoplasms and consist-

ing chiefly of hemocytoblasts (hemocyto-

blastomata)
;
marrow of radius and ulna

becomes hyperplastic; virus in blood

plasma, blood cells, emulsions of organs;

blood normal in its hydrogen-ion concen-

tration; recovery never complete; some

stocks less susceptible than others.

Transmission : By pen contact or con-

taminated litter. Experimentally by in-

travenous injection of cell-free filtrates.

Not by the mosquitoes, Culex pipiens

and Aides aegypii [CULICIDAE). Day-

old chicks from iritis i>arent8 contain the

infective agent and show some form of the

induced disease in 80 per cent of the

progeny if both parents show iritis, in 70

per cent if male is normal, 15 per cent if

female is normal.

Serological relationships : Specific neu-
tralizing antibodies are formed in the

rabbit as a result of injecting infective

materials partly purified by sedimenta-

tion in the ultracentrifuge.

Thermal inactivation: At 56° C in 30

minutes.

Filterability : Passes Berkefeld V, N,
and W filter candles

; 1.5 per cent, but not

often 3 per cent, collodion membranes;

Seitz asbestos filter.

Other properties: Viable after drying

at least 54 days, in glycerine at least 104

days, at 4° C at least 14 days, at -60° C at

least 6 months; after freezing and thaw-

ing, and after freezing in liquid air. Not
viable after 14 days at 37.5° C. Particle

diameter between 100 and 400 millimi-

crons.

Literature : Ellermann and Bang, Cent,

f. Bakt., I Abt., Orig., 46, 1908, 4-5, 59^
609; Furth, Proc. Soc. Exp. Biol, and

Med., 27, 1929, 155-157
;
Jour. Exp. Med.,

5$, 1931, 243-267; 66, 1932, 465-478, 495-

504 ; 68, 1933, 253-275
; 69, 1934, 501-517;

Furth and Miller, ibid., 66, 1932, 479-493;

Hall et al., Am. Jour. Vet. Res., ^,1941,

272-279; JArmai, Arch, wissensch. u.

prakt. Tierhielk., 62, 1930, 113-131;

Johnson, Virginia Agr. Exp. Sta. Tech.

Bull. 66, 1934, 1-32; Johnson and Bell,

Jour. Inf. Dis., 68, 1936, 342-348; Kabat

and Furth, Jour. Exp. Med., 71, 1940,

55-70
; 74, 1941, 257-261

;
Lee and Wilcke,

Am. Jour. Vet. Res., 2, 1941, 292-294;

I>ee et al.. Jour. Infect. Dis., 61, 1937,

1-20; Pierce, Am. Jour. Path., 18, 1942,

1127-1139; Ratcliffe and Stubbs, Jour.

Inf. Dis., 66, 1935, 301-304.
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FAMILY VI. RABULACEAE FAM. NOV.

Viruses of the Mumps Group, characterized in general by a special affinity for tissues

of the salivary glands. There is a single genus,

Genus I. Rabula gen. non.

With characters of the family. Generic name from Latin rabula^ pettifogger.

The t3rpe species is Rabula infians spec. nov.

Key to epeciee of

I. Affecting man.

II. Affecting guinea pig.

III. Affecting hamster.

IV. Affecting rat.

V. Affecting mouse.

1. Rabula inflans spec. nov. From
Latin infiaret to puff up.

Common names: Mumps virus, virus

of epidemic parotitis.

Hosts : HOMINIDAE—Homo sapiens

L., man. Experimentally, also CERCO-
PlTHECIDAE’^Macaca mulatta (Zim-

mermann), rhesus monkey. FELIDAE
—Felts catus L., domestic cat.

Geographical distribution : World-wide.

Induced disease : In man, in order of

frequency, parotitis, orchitis, meningo>

encephalitis, pancreatitis, or ovaritis;

rarely fatal ; when parotitis occurs, onset

is sudden, with pain inone or both parotid

glands, sometimes also with involvement

of submaxillary and sublingual glands,

swelling and malaise gradually disappear-

ing within a week or 10 days; there is

virus in saliva 48 hours after onset ;
orchi-

tis, less common, is usually unilateral and

may be accompanied by some epididymi-

tis. In rhesus monkey, experimentally,

acute, non-suppurative parotitis; focal

necrosis in acinar epithelial cells of

parotid gland, and secondary inflamma-

tion; dissemination of lesions within the

gland, enlargement of gland to palpation

and pitting edema of jowl 6 to 8 days after

inoculation, often with a rise of tempera-

the genus Rabula.

1. Rabula inflans.

2. Rabula levis.

3. Rabula innocuus.

4. Rabula exiguus.

5. Rabula laiens.

ture; cytoplasmic inclusion bodies

affected glands, staining pink, round or

oval, 3 to 10 microns in diameter, often

vacuolate, usually surrounded by a nar-

row clear zone in the cytoplasm; blood

and uninoculated salivary gland of af-

fected animal not effective sources of

virus.

Transmission : Probably by droplets

arising directly from infected individuals.

Experimentally, by injecting sterile

fluids containing virus into Stenson’s

duct of parotid gland in Macaca mulatta.

Serological relationships : A specific

complement -fixing antibody occurs in

human and monkey convalescent serum
and is demonstrable by the use of mon-
key-gland antigen.

Immunological relationships: Specific

immunity induced by attack; passive

immunization rarely successful.

Thermal inactivation: At C in 1

hour.

Filterability : Passes Berkefeld V and
N filter candles.

Other properties : Viable in 50 per cent

glycerine at 2* C at least 5 wee^, in 60

per cent glycerine at 10* C. at least 7

weeks, dried while frozen at least 7 weeks,

in frozen saliva at least 3 weeks.
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Literature: Bloch, Am. Jour. Path.,

ISf 1937, 939-944; Enders and Cohen,

Proc. Soc. Exp. Biol, and Med., 60, 1942,

180-184; Findlay and Clarke, Brit. Jour.

Exp. Path., 16, 1934, 309-313; Johnson

and Goodpasture, Jour. Exp. Med., 69,

1934, 1-19; Am. Jour. Hyg., 91, 1935,

46-57
;
9S, 1936, 329-339

;
Am. Jour. Path.,

It, 1936, 495-510.

2. Rabula levis spec. nov. From Latin

levia, trifling.

Common name : Guinea-pig salivary-

gland virus.

Host : CA VIIDAE—Cavia porcellua

(L.), guinea pig (only known host; fetus

more susceptible than post-natal animal,

even if from immune mother).

Insusceptible species : Rabbit, rat, cat,

chicken, pigeon, dog, mouse, monkey
{Macacua rheaua).

Geographical distribution : United

States, England.

Induced disease : In guinea pig, sub-

maxillary glands show swollen epithelial

cells containing relatively dense acido-

philic inclusions of granular material

within enlarged nuclei, especially in ducts

of the serous portion of the gland, and

larger but fewer intracytoplasmic inclu-

sions; experimentally, by intracerebral

injection of young guinea pig, prodromal

period of about 2 days, then elevation of

temijerature to 105 or 106® F
; a day later,

hair raised, animal quiet ; subsequently,

irritability with tremors and slight con-

vulsive movements
;
by fifth day, usually

prostration, jerking movements, and en-

suing death
;
brain shows no gross lesions

but exudate over surface; in meningeal

exudate, many cells each containing an

acidophilic mass within its nucleus; by

subcutaneous injection, virus recoverable

after 2 weeks from submaxillary glands,

cervical lymph nodes, kidney, and lung,

not from blood, liver, or spleen.

Transmission : Experimentally, by in-

oculation of submaxillary gland or by

intracerebral or subcutaneous injection

of materials from infected glands; with

difficulty from brain to brain. Pilocar-

pine stimulation increases numbers of

inclusions.

Serological relationships: Specific neu-
tralizing antibody is found in blood serum
of animals that are carrying virus in their

submaxillary glands.

Immunological relationships : Active

immunity may be dependent on existence

of more or less active lesions.

Thermal inactivation: At 54® C in 1

hour.

Filterability ; Passes Berkefeld N filter

candle.

Other properties : Viable in 50 per cent

glycerine at least 11 days.

Strains : An unusually virulent strain,

killing infected animals whatever the

route of injection, has been described but

not given a distinctive name (Rosenbusch

and Lucas, Am. Jour. Path., 15, 1939,

303-340).

Literature : Andrewes, Brit . Jour. Exp.

Path., 11, 1930, 23-34; Cole and Kuttner,

Jour. Exp. Med., -W, 1926, 855-873; Hud-
son and Markham, ibid., 66, 1932, 405-415

;

Jackson, Jour. Inf. Dis., 96, 1920, 347-

350; Kuttner, Jour. Exp. Med., 46, 1927,

935-956; Kuttner and T’ung, ibid., 6t,

1935, 805-822; Lucas, Am. Jour. Path.,

It, 1936, 933-948; Markham, ibid., 14,

1938, 311-322; Markham and Hudson,

ibid., 12, 1936, 175-182; Pearson, ibid., 6,

1930, 261-274; Scott, Jour. Exp. Med.,

49, 1929, 229-236; Scott and Pruett, Am.

Jour. Path., 6, 1930, 53-70.

3. Rabula innocuus spec. nov. From

Latin innocuus, harmless.

Common name: Hamster salivary-

gland virus.

Host: CRICETIDAE—CriceUdits gri-

aeus M. Edw., Chinese hamster.

Insusceptible species: MURIDAE-—
rat; il/us muaculus L., white mouse.

Geographical distribution: China.

Induced disease : In hamster, no obvi-

ous disease externally but inclusion

bodies in submaxillary glands.
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Thermal inactivation : At 56^ C in 30

minutes.

Literature : Kuttner and Wang, Jour.

Exp. Med., 60, 1934, 773-791.

4. Rabula exlguus spec, nov. From
Latin exiguus, petty.

Common name ; Rat salivary-gland

virus.

Rost : MURIDAE--ra,i,

Insusceptible species: MURIDAE—
Mus musculus L., mouse. CRICETI-
DAE—CriceiuliLS griseus M. Edw., Chi-

nese hamster.

Geographical distribution : China,

Canada.

Induced disease: In rat, no obvious

disease externally, but intranuclear in-

clusions in cells of the submaxillary

glands.

Literature: Kuttner and Wang, Jour.

Exp. Med., 60, 1934, 773-791
; Thompson,

Jour. Inf. Dis., 50, 1932, 162-170.

5. Rabula latens spec, nov. From
Latin latens, hidden or lurking.

Common name: Mouse salivary-gland

virus.

Host: MURIDAE--Mus musculus L.,

mouse.

Insusceptible species: MURIDAE--
rat. CRICETIDAE—Cricetulus griseus

M. Edw., Chinese hamster. LEPOR-
/DAE—rabbit. CAVIIDAE—Cavia
porceUus (L.), guinea pig.

Geographical distribution : China,

Canada, United States.

Induced disease : In mouse, no obvious

disease externally, but inclusion bodies

in acinar tissue of serous and mucous por-

tions of submaxillary glands
;
occasionally

also in duct cells or alveolar cells of paro-

tid gland; affected cells hypertrophied.

In Swiss white mice, extensive lesions in

liver and spleen but emulsions of these

organs fail to infect; rare pancreatic

lesions.

Transmission: Experimentally, by in-

traglandular, subcutaneous, intraperi-

toneal, intratesticular or intracerebral

inoculation; inclusion bodies appear in

salivary glands irrespective of site of

inoculation.

Thermal inactivation: At 60° C in 30

minutes.

Filterability : Passes Berkefeld V filter

candle.

Literature: Kuttner and Wang, Jour.

Exp. Med., 60, 1934, 773-791 ; McCordock
and Smith, ibid,, 65, 1936, 303-310;

Thompson, Jour. Inf. Dis., 68, 1936, 59-63.
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A virus, of potato, 1174

Abacd, 1193

Abac4 bunchy-top virus, 1193

Abortion virus, of mares, 1278

Abutilon-mosaic virus, 1186

Abuiilon species, 1186

Aceratagallia curvata, 1155

Aceratagallia lyrata, 1155

Aceratagallia obscura, 1155

Aceratagallia sangiiinolenta^ 1155

AcrogemtSf 1202

Acrogenus ribis, 1203

Acrogenus solani^ 1203

Acronecrotic streak virus, of potato, 1214

Adclonosus, 1211

Adelonosus lilii, 1211

Aedes aegypli, 1230, 1254, 1255, 1259, 1266

Aedes albopictus, 1254

Aides apico-anrudatus, 1266

Aides atropalpiiSj 1254

Aides cantalor^ 1254

Aides dorsalis

f

1254

Aides fluviatiliSf 1266

Acdcs leucocelaemus^ 1266

Aides luteocephaliis, 1266

Aides nigromaculis, 1254

Aides scapularisy 1266

Aides sollicitans, 1254

Aides stimulans, 1230

Aides iaeniorhynchuSy 1254

Aides triseriaiuSy 1254

Aides vexanSy 1230, 1254

African horse-sickness virus, 1277

Agallia constriciay 1156

Agallia quadripunctcUay 1155, 1156

Agalliana ensigeray 1220

Agalliopsis novellay 1155, 1156, 1157

Ageratum conyzoideSy 1218

Agouti, 1265

Agranulocytosis virus, of cat, 1279

Agrobacierium lumefacienSy 1134

Agropyron-mosaic virus, 1202

Agropyron repenSy 1162, 1202

Aleucocytosis virus, of cat, 1279

ALEYRODIDAE, 1218, 1219

Alfalfa, 1161, 1153, 1181, 1191

Alfalfa bunchy-top virus, 1151

Alfalfa-dwarf group of viruses, 1153

Alfalfa-dwarf virus, 1153

Alfalfa-mistletoe virus, 1151

Alfalfa-mosaic virus, 1181

Alfalfa spindle-shoot virus, 1151

Alfalfa witches^-broom virus, 1151

Allium cepay 1184

Alloiophylly virus, of anemone, 1158

Allolobophora caliginosay 1269

Almond, 1152, 1196

Alopecuriis fulvuSy 1160

Alsike-clover mosaic virus 1190

Althaea ficifoliay 1186

Althaea officinalis

y

1186

Althaea roseay 1186, 1218

AMARANTHACEAE, 1204, 1214

Amaranthus retroflexuSy 1204, 1214

Amblycephalinaey 1153

Amphorophora rubiy 1196

Amphorophora rubicolay 1196

Amphorophora sensoriatay 1196

Amygdalus persica, 1197; see also Prunus
persica

Anaheim-disease virus, of grape, 1153

Ananas comosusy 1223

Anew boscaSy 1253

Anas platyrhyncha, 1251, 1253

ANATIDAE, 1251, 1253

Anecrosis virus, of potato, 1214

Anemia virus, equine infectious, 1282

Anemone-alloiophylly virus, 1158

Anemone nemorosay 1158

Anemone ranunculoideSy 1158

Anemone trifoliay 1158

Anethum graveolenSy 1176

AnnuluSy 1212

Annulus apertus, 1214

Annulus bergeraCy 1216

Annulus delphiniiy 1216

Annulus dubiuSy 1214

Annulus oraCy 1213

Annidus tabaciy 1212

Annulus zonatuSy 1213

Anoda hastatOy 1186

Anser anser, 1251, 1253

Anser cinereuSy 1253

Antelope, 1276



11 INDEX

Anthriscua cerejolium^ 1176

Antirrhinum majua, 1191

Anuraphis tulipae, 1182

APHIDIDAE, see Aphids

Aphids, 1163, 1164, 1171, 1172, 1173, 1174,

1176, 1176, 1177, 1178, 1179, 1180, 1181,

1182, 1183, 1184, 1186, 1187, 1188, 1193,

1196, 1196, 1200, 1202, 1203, 1204, 1206,

1206, 1207, 1208, 1211

Aphis abbreviata, 1172, 1176, 1204

Aphis apigraveolens, 1176, 1177, 1200

Aphis apiit 1176, 1200

Aphis fabae, 1171, 1204

Aphis ferruginea-striata, 1176, 1200

Aphis gosaypii, 1173, 1174, 1176, 1177,

1179, 1185, 1188, 1200, 1211

Aphis graveolensj 1177

Aphis labumiy 1187

Aphis leguminosaCy 1187

Aphis maidiSy 1174, 1183, 1184

Aphis medicaginiSy 1179

Aphis middletoniiy 1176, 1177, 1200

Aphis rhamniy 1171, 1172

Aphis rubicolQy 1206

Aphis rvbiphilay 1206

Aphis rumicisy 1176, 1178, 1179, 1180,

1184

Aphis species, 1193

Aphis spiraeasy 1207

Aphis spiraecolay 1179

Aphis iulipaey 1182

Aphthous stomatitis virus, of man, 1236

APIDAE, 1227

Apis melliferay 1227

Apium graveolenSy 1147, 1176, 1199, 1200

APOCYNACEAE, 1149, 1150, 1152

Apodemus sylvalicuSy 1267

Apple, 1194

Apple-mosaic virus, 1194

Apricot, 1162, 1196

Arackis hypogaeoy 1187

Armoracia rusticanay 1177

Artibeus planirostriSy 1263

ASCLEPIADACEAE, 1173

Asclepias syriacay 1173

Aster, 1168

Aster-yellows virus, 1146

Asteroid-spot virus, of peach, 1196

Asyndesmus lewiSy 1262

Atriplex hortensiSy 1204

A triplex sibiricay 1204

Atropa belladonnay 1176

Aucuba-mosaic virus, of potato, 1175

Aulacorthum solaniy 1204

AureogenuSy 1154

Aureogenus clavifoliumy 1157

Aureogenus magnivenay 1166

Aureogenus vastansy 1156

Australian X -disease virus, 1260

Avena byzanlinay 1161

Avena fatuOy 1161

Avena sativOy 1160, 1161, 1162, 1192

Avian encephalomyelitis virus, 1262

Awnless brome grass, 1192

B encephalitis virus, Japanese, 1250

B virus, of man, 1237

B virus, of potato, 1214

Bacillus megatherinmy 1138

Bacillus mycoidcsy 1138

Bacterium steivartiy 1136

Bacteriophages, 1131-1144

Bacteriophaguniy 1128

Bacteriophagum inteslinalSy 112iS

BacteriophaguSy 1129

Balano-posthitis virus, of sheep, 1238

Balclutha mbilUy 1159

Banded-chlorosis virus, of cherry, 1197

Barbarea vulgarisy 1155

Bark, rough-, disease group of viruses,

1208

Bark, rough-, virus, of flowering cherry,

1210

Barley, 1161, 1162, 1192

Bat, fruit -eating, 1263

Bat, vampire, 1263

Bean, 1168, 1169, 1179, 1180, 1181, 1189,

1190, 1191, 1216, 1219

Bean, Lima; see Lima bean
Bean-mosaic virus, 1179

Bean, Mung; see Mung bean

Bean, Bieva; sec Sicva bean

Bean, Tepary; see Tepary beau
Bean tree, 1187

Bean, yam; see Yam bean

Bedbug, 1269

Bee, honey, 1227

Bee, honey, sacbrood virus, 1227

Beet, 1178, 1221; see also Sugar beet

Beet Kr&uselkrankheit virus, 1221

Beet-savoy virus, 1221

Beet-yellows virus, 1204
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Bemiaia goaaypiperda, 1218, 1219

Bemiaia nigerienaia^ 1219

Bergerac-ringspot virus, 1216

Berteroa incana, 1177

Beta cicla, 1204

Beta maritima^ 1204

Beta vulgaria, 1149, 1177, 1178, 1199, 1204,

1216, 1219, 1221

Big’bud virus, of tomato, 1147

Big-vein virus, of clover, 1166

Birds, 1249

Bison, 1239

Bittersweet, 1175, 1204, 1214

Blackbird, 1253

Black-currant reversion -disease virus,

1203

Black-eyed Susan, 1155

Blue-stem virus, eastern, of raspberry,

1206

Blue-tongue virus, 1278

Bob-white, 1253

BOMBYCIDAE, 1226

Bomhyx mori^ 1226, 1227

Borna-disease virus, 1256

Borrelina, 1225

Borrelina hombyciSf 1226

Borrelina braaaicae, 1227

Borrelina efficiens, 1226

Borrelina pieria^ 1227

Borrelina reprimenSt 1226

BORRELINACEAE, 1225

Borreliota, 1229

Borreliota avium, 1229

Borreliota suia, 1232

Borreliota variolae, 1231

BORRELIOTACP^AE, 1229

Boa taurua, 1239, 1241, 1242, 1251, 1253,

1267, 1*272, 1276, 1278

BOVIDAE, 1238, 1239, 1241, 1242, 1248,

1261, 1253, 1267, 1272, 1276, 1278

Brackiaria plalyphylla, 1183

Braaaica adpreaaa, 1176, 1200

Braaaica alba, 1176, 1177, 1200

Braaaica arvenaia, 1176, 1177, 1200

Braaaica campeatria, 1176

Braaaica chinenaia, 1177

Braaaica incana, 1199

Braaaicajuncea, 1176, 1177, 1200

Braaaica napobraaaica, 1177, 1221

Braaaica napus, 1176, 1177, 1221

Braaaica tiinrn 1176 . 1177 . 1*200

Braaaica oleracea, 1176, 1177, 1200

Braaaica pe-taai, 1176, 1200

Braaaica rapa, 1176, 1177, 1200

Brevicoryne braaaicae, 1177, 1179, 1201

Briareua, 1233

Briareua varicellae, 1233

Briarem morbillorum, 1234

Broad bean, 1179, 1180, 1187

Broad-ringspot virus, 1214

Broccoli, 1176

Brome -grass, awnless, 1192

Brome-grass mosaic virus, 1192

BROMELIACEAE, 1228

Bromua inermia, 1162, 1192

Bronchitis virus, infectious, 1274

Brooming disease virus, of locust, 1150

Brussels sprouts, 1176

Bubo virginianua, 1252, 1253

Buckwheat, 1146, 1199

Buffalo, 1276

Bunchy-top virus, of abac4, 1193

Bunchy-top virus, of alfalfa, 1151

Bunting, 1229

Bushbuck, 1276

Bushy-stunt virus, of tomato, 1169

Buteo vulgaria, 1263

Cabbage, 1176, 1177

Cabbage worm, 1227

Cabbage-worm grasserie virus, 1227

Calendula, 1150

Calendula offiicinalia, 1150, 1177

Calf, 1253

Calico virus, of celery, 1200

Calliatcphus chinenaia, 1146

Camel, 1276

Canary, 1229, 1279, 1280

Canary virus, Kikuth’s, 1229

Candytuft, rocket, 1176

CAXIDAE, 1241, 1242, 1251, 1253, 1263,

1272, 1273, 1277

Canine-distemper virus, 1272

Canine oral -papillomatosis virus, 1242

Cania familiaria, 1241, 1242, 1251, 1253,

1263, 1272, 1277

Cantaloupe, 1199, 1200

Capitophorus fragaafolii, 1208

Capitophorua fragariae, 1195

Capitophorua tetrahodxta, 1206

Capra hircua, 1251, 1253, 1267

C.anacUa bnraa-naataria. 1176 . 1177 1960
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Capsicum frutescens, 1164, 1171, 1175,

1181, 1214

Caracal lynx, 1271

Caraway, 1176

Cardamine heterophylla^ 1177

Carneocephala fulyida, 1153

Cameocephala iriguitata, 1153

Carolinaia cyperi, 1183

Carpophthoroy 1151

Carpophthora laceranSy 1152

Carpophthora rosettaey 1152

Carrot, 1146, 1176

Canim canny 1176

CARYOPHYLLACEAE, 1191

Cavariella capreacy 1176, 1177

Cassava Krauselkrankheit virus, 1219

Cassava-mosaic virus, 1219

Cat, 1235, 1236, 1255, 1262, 1263, 1271,

1279, 1284; see also Feline

Cat, agranulocytosis virus of, 1279

Cat, aleucocytosis virus of, 1279

Cat, black-footed, 1263

Cat, genet, 1263

Cat, marbled, 1271

Cat, wild, 1263

Cattle, 1234, 1236, 1239, 1240, 1242; 1249,

1263, 1272, 1276, 1278; see also Cow
Cattle erosive-stomatitis virus, 1239

Cattle-plague virus, 1276

Cattle-wart virus, 1242

Cauliflower, 1176

Cauliflower-mosaic virus, 1176

Cavia porcellus, 1237, 1277, 1285

CAVIIDAE, 1237, 1277, 1285

CEBIDAE, 1235

Cebus chrysopuSy 1267

Cebns fatuellusy 1267

Cebus olivaceusy 1235

CELASTRACEAE, 1187

Celeriac, 1176

Celery, 1147, 1173, 1174, 1176, 1199, 1200

Celery -calico virus, 1200

Celery-mosaic virus, 1176

Celery-mosaic, western, virus, 1176

Cercocebus fuliginosuSy 1235, 1267

Cercocebus torquatuSy 1265

CERCOPITHECIDAE, 1234, 1235, 1237,

1259, 1284

Cercopithecus aethiopSy 1257, 1265, 1266

Cercopiikecus callitrichuSy 1267

Cercopithecus tantalus

y

1265

Chaetochloa lutcscenSy 1183

Chaetochloa magnay 1183

Chaetochloa verticillatay 1183

CHARADRIIDAE, 1253

Charlock, 1176

Charlock, white, 1176

Charon
y
1265

Charon evagatuSy 1265

Charon valliSy 1267

CHARONACEAE, 1265

Cheiranthus allioniiy 1177

Cheiranthus cheiriy 1177

CHENOPODIACEAE, 1149, 1177, 1178,

1191, 1199, 12CX), 1204, 1216, 1219, 1221

Chenopodium album, 1199, r2(X), 1204

Chcnopodinm muralcy 119i), 1200, 1220

Cherry, 1152, 1196, 1197, 1198

Cherry banded-chlorosis virus, 1197

Cherry, flowering, 1197, 1210

Cherry, flowering, rough-bark virus, 1210

Cherry, Mahalob, 1197

Cherry, Mazzard, 1197, 1210

Cherry mottle-leaf virus, 1197

Cherry rust y-mot tic virus, 1196

Cherry, sand, 1152

Cherry vein-clearing virus, IHKS

Cherry, wild, 1197

Chervil, salad, 1176

Chicken, 1229, 1231, 1236, 1242, 1252,

1253, 1262, 1263, 1265, 1274, 1279, 1280,

1283; see also Fowl

Chicken embryo, 1221), 1231, 1234, 1235,

1236, 1238, 1239, 1240, 1245, 1248, 1252,

1253, 1259, 1260, 12^3, 1267, 1268, 1270,

1271, 1274, 1277, 1279, 1280

Chicken-pox virus, of man, 1233

Chicken-pox virus, of poultry, 1229

Chimpanzee, 1271

Chinese cabbage, 1177

Chlamidozoon myxomaCy 1245

Chlamydozoon bombycis, 1226

CHLOROGENACEAE, 1145

ChlorogenuSy 1146

Chlorogenus australiensiSy 1147

Chlorogenus callisiephiy 1146

Chlorogenus euteitigicolay 1219

Chlorogenus humuliy 1151

Chlorogenus medicaginiSy 1151

Chlorogenus persicaCy 1148
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ChloTogenus robtniac, 1150

Chlorogenus rosettae, 1152

Chlorogenusi aantaliy 1149

Chlorogenus solani, 1149

Chlorogenus vacciniiy 1150

Chlorophthora solaniy 1149

Chlorosis, banded, virus, of cherry, 1197

Chlorotic-streak virus, of sugar cane,

1161

Choerostrongylus pudendotectus

y

1269

Chokecherry, 1152

Choriomeningitis virus, 1259

Choriomeningitis virus, lymphocytic,

1259

Choriomeningitis virus, pseudo-lympho-

cytic, 1260

Chrysanthemum leucanthemumy 1155

Chrysanthemum morifoliumy 1214

Chrysemys rnarginatay 1231

CICADELLIDAH, 1145, 1147, 1148,

1150, 11.53, 1154, 1155, 1157, 1159, 1160,

1161,1220

Cicadula himaculata, 1159

Cicadula divisUy 1147

Cicadula sexnolata, 1147

Cicatiulina mbilay 1159

Cicadulina storeyiy 1159

Cicadulina zeae, 1159

Ciccr arictinumy 1180

Ciconia ciconiay 1253, 1263

Cimcx lectularhiSy 1259

CIMIDAi:, 1259

Circus rufuSy 1253

Citellus richardsoniiy 1253

Citrivir, 1209

CUrivir italicurny 1202

Citrivir psarosisy 1209, 1210

CitruUus vulgaris, 1167

Citrus aurantium, 1202

Citrus infectious-mottling virus, 1202

Citrus limonia, 1210

Citrus maxima, 1210

Citrus psorosis virus, 1210

Citrus sinensis, 1210

(Clover
;
see also Sweet clover

Clover, alsike, 1180, 1187, 1190

Clover, alsike, mosaic virus, 1190

Clover big-vein virus, 1156

Clover club-leaf virus, 1156

Clover, cluster, 1180, 1190

Clover, crimson, 1156, 1157, 1180, 1181,

1187

Clover, nodding, 1190

Clover, Persian, 1180

Clover, red, 1155, 1179, 1187, 1190

Clover, red, vein-mosaic virus, 1187

Clover, spotted bur, 1180

Clover, strawberry, 1190

Clover, sweet; see Sweet clover

Clover, toothed bur, 1180

Clover, white, 1188, 1189, 1190, 1191

Club-leaf virus, of clover, 1156

Colaptes cafer, 1252, 1253

Cold virus, common, 1270

Color-adding virus, of tulip, 1182

ColuTtiba livia, 1251, 1253

COLUMBIDAE, 1251, 1253

Commelina species, 1174

Common-cold virus, 1270

Common -wart virus, of man, 1241

COMPOSITAE, 1147, 1150, 1155, 1168,

1169, 1174, 1177, 1178, 1179, 1181, 1212,

1214, 1218, 1223

COXVOLVELACEAE, 1149, 1150, 1165,

1170, 1173, 1192, 1198, 1199, 1220

Coriander, 1176

Coriandrum salivumy 1176

Curium

,

1203

Curium betae, 1204

Curium rubi, 1205

Curium ruhorum, 1205

Corinm sulani, 1204

Corn, 1158, 1159, 1160, 1161, 1162, 1183;

see also Maize

Corn (maize) wallaby-ear disease virus,

1158

Coronopus didymus, 1177

Corynebacterium diphtheriac, 1143, 1144

Cotoneaster harrouiana, 1194

Cotton, 1218

Cotton leaf-crinkle virus, 1218

Cotton leaf-curl virus, 1218

Colton rat, 1253, 1257

Cow, 1231, 1239, 1241, 1248, 1250, 1251,

1253, 1256, 1267; see also Cattle

Cowbird, 1253

Cowpea, 1169, 1173, 1174, 1188, 1189

Cowpea-mosaic virus, 1188

Coyote, 1273

Cranberry, 1150
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Cranberry fal$e-blo88om virus, 1150

Cress, common winter, 1156

Cress, garden, 1176

CRICETIDAE, 1253, 1285

Cricetulits furunculuSj 1249

Cricetidus grueuSy 1285

Cricetits miraitia, 1267

Crinkle-disease virus, 1218

Crinkle, leaf-, virus, of cotton, 1218

Crinkle, leaf-, virus, of sugar-beet, 1221

Crinkle virus, leaf-, of cotton, 1218

Crinkle virus, leaf-, of sugar-beet, 1221

Crinkle virus, of strawberry, 1195

Crotalaria re^usa, 1190

Crotalana spectabilUy 1190

Crotalaria striata, 1190

CRUCIFERAE, 1155, 1176, 1177, 1199,

1200, 1221

Ctenopsylla felis, 1246

Cucumber, 1167, 1168, 1173, 1181, 1190,

1200, 1216

Cucumber-mosaic virus, 1173

Cucumber-mosaic virus, English, 1167

Cucumber, wild, 1173

Cucumis anguria, 1167

Cucumis meloy 1167, 1173, 1190, 1199, 1200

Cucumis sativum, 1167, 1173, 1181, 1190,

1191, 1200, 1212, 1216

Cucurbit-mosaic virus, 1167

Cucurbita pepo, 1173, 1190, 1200

Cucurbita species, 1219

CUCURBITACEAE, 1167, 1181, 1190,

1191, 1199, 1200, 1212, 1216, 1219

Cuerna ocddentalis, 1153

Culex pipienSy 1230, 1252

Culex tarsalis, 1252

CULICIDAE, 1230, 1252, 1254, 1259,

1266, 1267

Curl-disease virus, 1218

Curl, leaf-, group of viruses, 1218

Curl, leaf-, virus, of cotton, 1218

Curl, leaf-, virus, of Pelargonium, 1199

Curl, leaf-, vims, of raspberry, 1205

Curl, leaf-, vims, of sandal, 1198

Curl, leaf-, virus, of sugar-beet, 1221

Curl, leaf-, vims, of tobacco, 1218

Curly-top virus, of sugar-beet, 1219

Currant, black, reversion-disease virus,

1203

Cuscuta californica, 1173, 1198, 1199

Cuscuta campestris, 1149, 1160, 1152,

1165, 1170, 1173, 1192, 1199, 1220

Cuscuta stibinclusa, 1173, 1199

Cynalopex chama, 1263

Cynictis penicillata, 1263

Cytisus kirsutuSy 1187

Cytoryctes variolae, 1229

D virus of potato, 1214

Dahlia, 1179

Dahlia imperialis, 1179

Dahlia maxoniiy 1179

Dahlia-mosaic virus, 1179

Dahlia pinnaia, 1179

Dark-green mosaic virus, mild, of to-

bacco, 1167

Dasyprocta aguti, 1265

Datura stramonium, 1147, 1169, 1171,

1174, 1175, 1200, 1204, 1214, 1216

Daucus carota, 1176

Decline-disease virus, of rasplwrry, 1205

Deer, 1256, 1276

Delphacinacy 1157

Delphax striatella, 1162

Delphinium, perennial, ringspot virus,

1216

Delphiniura-ringspot virus, 1216

Delphinium species, 1177, 1200, 1216

Deltocephalus dorsalis, 1160, 1161

Deltocephalus striatus, 1161

Dermacentor andersoni, 1254

Dermacentor silvarum, 1250

Dermacentor variabilis, 1252, 1254

Desmodium canadense, 1180

Desmodus rufus, 1263

Diardigallus diardi, 1263

Dieback virus, of rose, 1193

Digitaria horizontalis, 1159

Dipodomys heermanni, 1253

Distemper virus, canine, 1272

Distemper virus, feline, 1271

Distemper virus, of ferret, 1273

Dodder, 1147, 1149, 1150, 1152. 1165,

1170, 1173, 1192, 1198, 1199, 1220

Dodder latent -mosaic virus, 1198

Dodonaea viscosa, 1149

Dog, 1235. 1236. 1241, 1242, 1251. 1253,

1255, 1269, 1263, 1272, 1273, 1277; see

also Canine
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Donkey, 1277, 1282

Dormouse, 1267

Dove, western mourning, 1251

Draeculacephala minerva, 1153

Draeculacephala porlola, 1161

Dropsy virus, of geranium, 1199

Duck, 1229, 1236, 1242, 1251, 1253, 1279

Duck embryo, 1245, 1253

Duck, mallard, 1251, 1253

Duck, Pekin, 1251, 1253

Duiker, 1276

Dwarf; see also Yellow dwarf

Dwarf’disease group of viruses, 1206

Dwarf-disease virus, of alfalfa, 1153

Dwarf-disease virus, of rice, 1160

Dwarf-disease virus, of sugar cane, 1158

Dwarf virus, of loganberry, 1206

Dwarf virus, of prune, 1208

Eastern blue-stem virus, of raspberry,

1206

Echinochloa crnsgalli, 1160, 1162, 1183

Echinocystis lobata^ 1173

Ectromelia virus, 1238

Eggplant, 1147

Eggplant little-leaf virus, 1147

Eland, 1276

Eleusine indica, 1 159

Elm, American, 1154

Enation-mosaic virus, of pea, 1180

Encephalitis group of viruses, 1248

Encephalitis virus, equine, 1253

Encephalitis virus, fox, 1273

Encephalitis virus, Japanese B, 1250

Encephalitis virus, St. Louis, 1251

Encephalitis virus, forest spring-, 1249

Encephalitis virus, spring-summer, 1249

Encephalitis virus, West Nile, 1251

EncephalHozoon rabid, 126-1

Encephalomyelitis virus, avian, 1262

Endive, 1146

English cucumber-mosaic virus, 1167

Enteritis virus, of cat, 1279

Epidemic-parotitis virus, 1284

Epithelioma contagiosum virus, of fowls,

1229

EQUIDAE, 1251, 1253, 1277, 1278, 1282

Equine-encephalitis virus, 1253

Equine infectious-anemia virus, 1282

Euqine vesicular-stomatitis virus, 1240
Equtis asiniLS, 1277, 1282

EquiLS asinus X E. caballus, 1282; see

also Mule
Equus caballus, 1251, 1253, 1277, 1278,

1282; see also Horse

ERICACEAE, 1150

Erigeron-yellows virus, 1146

Erinaceus europojens, 1265

Eriobotrya japonica, 1194

Eriophyes ribis, 1203

ERIOPHYIDAE, 1203

Erosive-stomatitis virus, of cattle, 1239

Erro, 1218

Erro bornensis, 1256

Erro equinus, 1253

Erro incognilus, 1250

Erro japonicus
j 1250

Erro niliy 1251

Erro scelesUiS, 1251

Erro scoticus, 1248

Erro silvestrisy 1249

ERRONACEAE, 1248

Erwinia aroideaCy 1136

Encinia carotovora, 1135

Erythrocebus polos

,

1267

Escherichia coliy 1131, 1132, 1133, 1134

Etch virus, of tobacco, 1171

Eulalia, 1183

Euonymus japonica, 1187

Euonymus-mosaic virus, 1187

Euonymus radicanSy 1187

EUPHORBIACEAE, 1219

Euscelis striaiuUiSy 1150

Eutamias asiaiicuSy 1249

Euteliix tenelluSy 1220

Evotomys rufocanuSy 1249

Fagopyrum esculentumy 1199

Falco sparveriuSy 1251, 1253

FALCONIDAE, 1251, 1253

False-blossom virus, of cranberry, 1150

Feathery-mottle virus, of sweet potato,

1202

FELIDAE, 1263, 1279, 1284

Feline; see also Cat

Feline-agranulocytosis virus, 1279

Feline-distemper virus, 1271

Feline-enteritis virus, 1279

Fclis auratOy 1271
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FelU caracal, 1271

FelU catus, 1263, 1271, 1279, 1284

Felu marmorata, 1271

Felh negripes, 1263

Felis ocreaia, 1263

Felis pardalis, 1271

Felis pardus, 1271

Felts planiceps, 1271

Felis tigrina, 1271

Ferret, 1259, 1262, 1267, 1268, 1270, 1272,

1273, 1279

Ferret-distemper virus, 1273

Fettsucht virus, 1226

Fibroma virus, 1247

Ficivir caricae, 1201

Ficus species, 1201, 1202

Fig-mosaic virus, 1201

Fiji-disease group of viruses, 1157

Fiji-disease virus, of sugar cane, 1157

Filtrate-disease virus, swine, 1268

Flavimacula persicae, 1196

Flea, 1246

Flicker, red-shafted, 1252, 1253

Flowering-cherry rough-bark virus, 1210

Foliar-necrosis virus, of potato, 1214

Foliopellis erodens, 1171

Foot-and-mouth disease group of

viruses, 1239

Foot-and-mouth disease virus, 1239

Forest spring-encephalitis virus, 1249

Formido, 1263

Formido inexorabilis, 1263

Fourth -disease virus, of sugar cane, 1161

Fowl
;
see also Chicken

Fowl epithelioma contagiosum virus, 1229

Fowl-leucosis virus, 1283

Fowl-pest virus, 1279

Fowl-plague virus, 1279

Fowl-pox virus, 1229

Fowl-sarcoma virus, 1242

Fox, 1272

Fox-encephalitis virus, 1273

Fox, silver, 1273

Fractilinea, 1159

Fraciilinea avenae, 1162

Fraclilinea maidts, 1159

Fraciilinea oryzae, 1160

Fraclilinea quarto, 1161

Fraciilinea tritiei, 1161

Fraclilinea zeae, 1161

Fragaria species and hybrids, 1195,

1207, 1208

Frankliniella insularis, 1223

Frankliniella lycopersici, 1223

Frankliniella moxdtoni, 1223

Frankliniella occidentalis, 1223

Frankliniella schultzei, 1223

FULGORIDAE, 1145, 1157, 1161, 1162

Galega officinalis, 1190

Galla, 1157

Galla anemones, 1158

Galla australicnsis, 1147

Galla fijiensis, 1157

Galla queenslandiensis, 1158

Galla verrncac, 1158

Galla zeae, 1158

GcUhis gallus, IZH, 1238, 1242, 1252, 1253,

1262, 1265, 1274, 1280, 1283

Galionia candicans, 1184

Gelbsucht virus, 1226

Genet cat, 1263

Genctta felina, 1263

Geosciurus capensis, 1263

GERAXIACEAE, 1168, 1199

Geranium, 1199

Geranium-dropsy virus, 1199

Geranium-Krauselkrankheit virus, 1199

Gerbille, 1277

Gherkin, 1167

Glugea lyssae, 1264

Glycine soja, 1190; see also Soja max
Goat, 1232, 1239, 1249, 1253, 1267, 1276

Goat, Angora, 1277

Goat ^8 rue, 1190

Gonioides dissimilis, 1280

Goose, 1229, 1235, 1251, 1253, 1263, 1279

Goose embryo, 1253

Gopher, 1253

Gossypium hirsutum, 1216, 1218

Gossypium peruvianum, 1218

Gossypium viiifolium, 1218

GRAMINEAE, 1157, 1158, 1159, 1160,

1161, 1162, 1183, 1192, 1208

Grape, 1153, 1198

Grape, Anaheim-disease virus of, 1153

Grape, Pierce's disease virus of, 1153

Grapefruit, 1210

Grass, awnless brome-, 1192

Grass, brome, mosaic virus, 1192
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Grass pea, 1180

Grasserie virus, of cabbage worm, 1227

Grasserie virus, of silkworm, 1226

Green -ringspot virus, 1212

Ground squirrel, 1263

Ground squirrel, Richardson’s, 1253

Groundsel, 1178

Guenon, African, 1265

Guinea fowl, 1229

Guinea-fowl embryo, 1253

Guinea pig, 1231, 1235, 1236, 1237, 1238,

1239, 1240, 1253, 1254, 1256, 1257, 1259,

1260, 1268, 1277, 1285

Guinea-pig salivary-gland virus, 1285

Gypsy moth, 1226

Gypsy-moth wilt virus, 1226

Haemaphymlis concinna, 1250

HAEMATOPIXIDAK, 1233

Haematopmus yuis^ 1233

Hacmogogns capricorni^ 1266

Hamster, Chinese, 1285

Hamster, golden, 1267

Hamster salivary-gland virus, 1285

Hamster, Syrian, 1259, 1278

Hapalc jacchnSf 1267

Hapale penicillata, 1267

Hare, snowshoe, 1244

Hawk, \229, 1253

Hawk, mouse, 1263

Hawk, sparrow, 1251, 1253

Healthy potato virus, 1214

Hedgehog, 1235, 1265, 1268, 1279

Hedgehog, Euroi>ean, 1255

Helochara delta

y

1153

Hemp plant, Manila, 1193

Henbane, 1171, 1175, 1214

Hert)es febrilis virus, 1235

Herpes group of viruses, 1234

Herpes simplex virus, 1235

Herpes virus, 1235

Her{)es zoster virus, 1233, 1235

Hesperia matronaliSy 1177

Hibiscus species, 1218

Hog-cholera group of viruses, 1275

Hog-cholera virus, 1275

Holcus sorghuniy 1183

Holcus sudanensis, 1183

Hollyhock, 1218

Holodiscus discolofy 1207

HOMINIDAE; see Homo sapiens

Homo sapiensy 1233, 1234, 1235, 1237,

1241, 1248, 1250, 1251, 1253, 1257,

1259, 1260, 1262, 1263, 1265, 1267, 1268,

1270, 1280, 1282, 1284; see also Man
Honesty, 1176

Honey-bee saebrood virus, 1227

Hop, European, 1151

Hop infectious-sterility virus, 1151

Hop-nettlehead virus, 1151

Hop silly-hill disease virus, 1151

Hnrdeum vulgarCy 1161, 1162, 1192

Horse, 1231, 1232, 1236, 1240, 1248, 1249,

1250, 1251, 1253, 1254, 1255, 1256, 1263,

1277, 1278, 1282; see also Equine
Horse, anemia virus of, 1282

Horse-radish, 1177

Horse -sickness, African, virus, 1277

Hostis, 1239

Host is equimiSy 1240

Hostis pecoriSy 1239

Humulus lupuluSy 1151

Hy. Ill virus, 1171

H3'acinth, 1184

Hyacinthus orientaliSy 1184

Hyalopterus atripliciSy 1179

Hj'oscyamus-mosaic virus, 1171

Hyoscyamus nigcfy 1171, 1175, 1214

H^'oscyamus-lII-disease virus, 1171

Hjmscyamus IV virus, 1214

Hysteroneura setariaCy 1183

Iberis amara, 1176

Ictonyx orangiaCy 1263

lllinoia solanifoliiy 1179, 1182, 1183

Indian tobacco, 1154

Infantile-paralysis virus, 1257

Infectious-aleucocytosis virus, 1279

Infectious-anemia group of viruses, 1282

Infectious-anemia virus, of horse, 1282

Infectious - avian - encephalomyelitis

virus, 1262

Infectious-bronchitis virus, 1274

Infectious-felinc-agranulocytosis virus,

1279

Infcctious-laryngotracheitis virus, 1274

Infectious-mottling virus, of citrus, 1202

Infectious-sterility virus, of hop, 1151

Influenza A virus, 1268

Influenza B virus, 1270
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Influenza group of viruses, 12fl8

IRIDACEAE, 1183

Iris, 1183

Iris-mosaic virus, 1183

Iris species, 1183

Ixodes persulcatus, 1250

Ixodes ricinus^ 1249

IXODIDAE, 1249, 1250, 1252, 1254

Jackal, silver, 1263

Japanese B encephalitis virus, 1250

Jaundice virus, of silkworm, 1226

Jaunisse virus, of sugar beet, 1204

Jimson weed, 1171, 1174, 1175, 1200, 1204,

1214

Junco, 1253

Junco oreganns, 1253

Kale, 1176

Kangaroo rat, 1253

Kat River disease virus, 1223

Keratitis dendritica virus, 1235

Kikuth’s canary virus, 1229

Killdeer, 1253

Kilatbelia vitifoliat 1186

Knotweed, 1199

Koedoe, 1276

Kopfsalat virus, 1221

Krauselkrankheit virus, of beet, 1221

Krauselkrankheit virus, of cassava, 1219

Krauselkrankheit virus, of geranium,

1199

Kroepoek virus, 1218

Kromnek-disease virus, 1223

Kurrajong virus, 1151

LABIATAE, 1173

Laburnum anagytoideSy 1187

Laburnum-mosaic virus, 1187

Lahumum vulgare, 1187

Lachenalia species, 1184

Laciuca saliva, 1178, 1223

Lamb's quarters, 1199, 1204

Larkspur, 1200

Laryngotracheitis virus, 1274

Latent-mosaic virus, of dodder, 1198

Latent-mosaic virus, of lily, 1182

Latent virus, of potato, 1214

Latent virus, virulent, of potato, 1214

Laihyrus odoratus, 1178, 1179, 1180,

1187, 1189, 1190, 1191

Laihyrus saiivus, 1180

Lavatera arborea, 1186

Leaf-crinkle virus, of cotton, 1218

Leaf-crinkle virus, of sugar beet, 1221

Leaf-curl group of viruses, 1218

Leaf-curl virus, of cotton, 1218

Leaf-curl virus, of Pelargonium, 1199

Leaf-curl virus, of raspberry, 1205

Leaf-curl virus, of sandal, 1198

Leaf-curl virus, of sugar beet, 1221

Leaf-curl virus, of tobacco, 1218

Le^ifhoppers, 1145, 1146, 1147, 1148,

1150, 1153, 1154, 1155, 1156, 1157, 1159,

1160, 1161, 1162, 1220

I^af, mottle-, virus, of cherry, 1197

Leaf-roll group of viruses, 1203

Leaf-roll virus, marginal, of potato, 1203

Leaf-roll virus, of potato, 1204

Legio, 1257

Legio debilitans, 1257

Legio erebea, 1259

Legio gallinae, 1262

Legio muris, 1261

Legio simulans, 1260

Legio suariorum, 1262

LEGUMINOSAE, 1150, 1151, 1153, 1155,

1156, 1157, 1168, 1169, 1178, 1179, 1180,

1181, 1187, 1188, 1189, 1190, 1191, 1212,

1216, 1219, 1223

Lemon, 1210

Lens esculenta, 1189, 1191

Leopard, 1271

Lepidium ruderale, 1177

Lepidium sativum, 1176, 1177

Lepidium virginicum, 1177

LEPORIDAE, 1237, 1243, 1244, 1245,

1251

Lepus americanus, 1243

Lepus brasiliensis, 1245

Lepus califomicui, 1244, 1251

Lespedeza striaia, 1179

LETHACEAE, 1223

Lethum, 1223

Lelhum australiense, 1223

Lettuce, 1146, 1178, 1223

Lettuce-mosaic virus, 1178

lettuce white-heart virus, 1146

Leucosis virus, of fowl, 1283
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Ligustrum-mosaic virus, 1187

Ligustrurn vulgare, 1187

LILIACEAE, 1182, 1184, 1211

Lilium species, 1182, 1211

Lily, 1174

Lily, Easter, 1211

Lily latent-mosaic virus, 1182

Lily-symptomless virus, 1211

Lima bean, 1174, 1188

Line-pattern virus, of peach, 1197

Line -pattern virus, of Prunus, 1197

Lion, 1271

Lipaphis pseudobrasstcae, 1201

Little-leaf virus, of eggplant, 1147

Little-peach virus, 1148

Locust, black, 1150

Locust brooining-disease virus, 1150

Jyocust witches ’-broom virus, 1150

Loganberry, 1206

Loganberry-dwarf virus, 1206

Lophoriyx calijomica, 1252, 1253

Loquat, 1194

Lotus hispidvn, 1190

Louping-ill virus, 1248

Lucerne; see Alfalfa

Lucerne dwarf-disease virus, 1153

Lucerne witches’-broom virus, 1151

LUMBRICIDAE, 1269

Liinaria annua, 1176

Lupine, blue, 1180, 1190

Lupine, white, 1180

Lupine, yellow, 1190

Luptnus albvs, 1180, 1189, 1190, 1191

Lupinus an guslijolius, 1180, 1190

Lupinus densiflorus, 1180

Lupinus hartwegii, 1180

Lupinus hirsutus, 1191

Lupinus luteus, 1190

Lupintis mutabilis, 1190

Lupinus nanus, 1180

Lycium barbarum, 1172

Lycopersicon esculenium, 1147, 1149,

1150, 1152, 1164, 1168, 1169, 1171, 1175,

1181, 1199, 1200, 1204, 1214, 1219, 1223,

Lycopersicon pimpinellifolium, 1177

Lygus praiensis, 1222

Lymantria monacha, 1226

LYMANTRIIDAE, 1226

Lymphocytic - choriomeningitis virus,

1259

Lymphoc3rtic - choriomeningitis virus,

pseudo-, 1260

Macaca irus, 1231, 1240, 1257, 1259, 1267,

1268

Macaca mordax, 1257

Macaca mulatta, 1231, 1234, 1236, 1237,

1240, 1256, 1257, 1259, 1262, 1265, 1266,

1267, 1284

Macacus cynomolgus, 1235, 1265

Macacus fuscatus, 1231

Macacus rhesus, 1248, 1249, 1250, 1252

MacaciLS sinicus, 1265

Macacus speciosus, 1265

Macaque, crab-eating, 1259

Macropsis trimaculaia, 1148

Macrosiphum ambrosiae, 1179

Macrosiphum gei, 1171, 1178, 1180, 1181,

1182, 1203

Macrosiphum lilii, 1185

Macrosiphum pclargonii, 1182

Macrosiphum pisi, 1179, 1180, 1181, 1188

Macrosiphum solanifolii, 1164, 1171,

1173, 1178, 1179, 1180, 1181, 1182, 1183,

1185,1188,1193,1203, 1204

Macrostelcs divisus, 1147

Mad-itch virus, 1236

Maize, 1158, 1159, 1160, 1161, 1162, 1183;

see also Corn

Maize-streak virus, 1159

Maize-stripe virus, 1161

Malcornia bicorn is, 1200

Malcomia maritima, 1200

Malta species, 1186

MALVACEAE, 1186, 1216, 1218

Malvastrum capense, 1186

Man, 1231, 1232, 1233, 1234, 1235, 1237,

1241, 1248, 1249, 1250, 1251, 1253, 1255,

1257, 1259, 1260, 1262, 1263, 1265, 1267,

1268, 1270, 1271, 1278, 1280, 1282, 1284

Man, aphthous stomatitis virus of, 1235

Man, B virus of, 1237

Man, chicken-pox virus of, 1233

Maiigabey, collared, 1265

Manihot species, 1219

Manila hemp plant, 1193

Marc-abortion virus, 1278

Marginal leaf-roll virus, of potato, 1203

Marmor, 1163

Marmor abaca, 1 193
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Marmor abuiilon, 1186

Marmor aeviy 1200

Marmor angeliae, 1200

Marmor anulariurn, 1212

Marmor arachidis^ 1187

Marmor astri, 1196

Marmor astrictumy 1167

Marmor aucubOy 1176

Marmor hetaCy 1178

Marmor brassicoBy 1177

Marmor caricae, 1201

Marmor cepaCy 1184

Marmor cerasi, 1197

Marmor constanSy 1167

Marmor craciferaruniy 1176

Marmor cucitmeris, 1172, 1173

Marmor dahlioBy 1179

Marmor dodecahedron
y
1169

Marmor dubiumy 1214

Marmor efficienSy 1191

Marmor erodenSy 1171

Marmor enonymiy 1187

Marmor fastidienSy 1189

Marmor flaccnmfaciens y
1193

Marmor fragariacy 1195

Marmor graminiSy 1192

Marmor hyoscyamiy 1171

Marmor inerSy 1190

Marmor iridiSy 1183

Marmor italicumy 1202

Marmor laburniy 1187

Marmor laceranSy 1152

Marmor lactucacy 1178

Marmor laesiofaciensy 1168

Marmor leguminosarumy 1179

Marmor lethalCy 1168

Marmor ligusiriy 1187

Marmor iineopictumy 1197

Marmor maidiSy 1159

Marmor maliy 1194

Marmor marginanSy 1195

Marmor maithiolaey 1177

Marmor medicaginiSy 1181

Marmor mite, 182

Marmor nerviclarenSy 1198

Marmor oryzaCy 1160

Marmor pachyrhiziy 1188

Marmor pallidolimbatuSy 1197

Marmor pansifioraey 1193

Marmor pelargoniiy 1199

Marmor persicaCy 1196

Marmor phaseoliy 1179

Marmor pisiy 1180

Marmor primulaCy 1201

Marmor pyriy 1211

Marmor quartiirn, 1161

Marmor raphaniy 1200

Marmor repens

y

1189

Marmor rosaCy 1194

Marmor ruhiy 1195

Marmor rubiginosumy 1196

Marmor sacchariy 1183

Marmor santaliy 1198

Marmor scillcarumy 1184

Marmor secretuniy 1198

Marmor solaniy 1174

Marmor (abaci, 1164

Marmor trifolii, 1187

Marmor triticiy 1192

Marmor iulipaCy 1182

Marmor nmheUiferarumy 1176

Marmor upsiloHy 1172

Marmor vastans, 1155

Marmor veneniferumy 1194

Marmor vignaCy 1188

Marmor viticoloy 1198

Marmor zeaCy 1161

MAHMORACEAE, 1163

Marmota rnonaXy 1253

Marrow
y
1190

Mastornys concha

y

1277

Matlhiola incanay 1176, 1177

Maul- unci Klaucnseuchc virus, 1239

Measles virus, 1234

Mcdicago arabicOy 1180

Medicago hispiday 1180

Medicago lupulinay 1189, 1191

Medicago sativOy 1151, 1153, 1181, 1190,

1191

Meercat, common, 1263

Meercat, yellow, 1263

MELEAGRIDAE, 1251, 1253

Meleagris gallopavoy 1251, 1253

Melilotus albay 1180, 1188, 1189, 1190,

1191

Melilotus indicay 1180

Melilotus ojffiicinaliSy 1180

Melon, rock, 1190

METASTRONGLYIDAE, 1269

Melastrongylus elongaluSy 1269
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Microtus agreslis, 1265, 1267

Microtus caliJornictLSf 1253

Microtus michnoij 1249

Microtus monianuSj 1253

Microtus mordaXy 1253

Microtus pennsylvanicuSy 1253

MiUl dark-green mosaic virus, of to-

bacco, 1167

Mild mosaic virus, of potato, 1174

Millet, 1162

Millet, pearl, 1183

Mink, Chinese, 1268

Minuor ruborum^ 1205

MIRIDAE, 1221, 1222

Misranthus sinensis

^

1183

Mistletoe virus, of alfalfa, 1151

Modiola decumbens, 1186

Molitor, 1241

Molitor boviSy 1242

Malitor buccal is, 1242

Molitor gingiralis, 1243

Molitor hominis, 1241

Molitor rnyxomae, 1245

Molitor sylvilagi, 1244

Molitor tumoris, 1242

Molitor verrucac, 1241

Molluscum contagiosum virus, 1241

Molothrus ater, 1253

Mongoose, small grey, 1263

Mongoose, yellow, 1263

Monkey, 1^34, 1253

Monkey, cynomolgus, 1231, 1240, 1257

Monkey, green African, 1257

Monkey, inona, 1257

Monkey, rhesus, 1231, 1234, 1236, 1237,

1240, 1250, 1251, 1256, 1257, 1259, 1260,

1262, 1265, 1270, 1284

Montar virus, 1147

Moonia albimaculata, 1150

MORACEAE, 1151, 1201

Morator, 1227

Morator aetalulac, 1227

Morsu^, 1153

Morsus reprimcns, 1154

Morsus sujjfodiens, 1153

Morsus ulmi, 1155

Mosaic -disease group of viruses, 1163

Mosaic virus, aucuba, of potato, 1175

Mosaic virus, enation, of pea, 1180

Mosaic virus, English, of cucumber, 1167

Mosaic virus, latent, of dodder, 1198

Mosaic virus, latent, of lily, 1182

Mosaic virus, mild, of potato, 1174

Mosaic virus, mild dark green, of to-

bacco, 1167

Mosaic virus, of Abutilon, 1186

Mosaic virus, of Agropyron, 1202

Mosaic virus, of alfalfa, 1181

Mosaic virus, of alsike clover, 1190

Mosaic virus, of apple, 1194

Mosaic virus, of bean, 1179

Mosaic virus, of bean, southern, 1168

Mosaic virus, of brome grass, 1192

Mosaic virus, of cassava, 1219

Mosaic virus, of cauliOower, 1176

Mosaic virus, of celery, 1176

Mosaic virus, of celery, western, 1176

Mosaic virus, of cowpea, 1188

Mosaic virus, of cucumber, 1173

Mosaic virus, of cucumber, English, 1167

Mosaic virus, of cucurbits, 1167

Mosaic virus, of dahlia, 1179

Mosaic virus, of Euonymus, 1187

Mosaic virus, of Bg, 1201

Mosaic virus, of Hyoscyamus, 1171

Mosaic virus, of iris, 1183

Mosaic virus, of Laburnum, 1187

Mosaic virus, of lettuce, 1178

Mosaic virus, of Ligustrum, 1187

Mosaic virus, of Ornithogalum, 1184

Mosaic virus, of pea, 1179

Mosaic virus, of peach, 1196

Mosaic virus, of plaints wheat, 1202

Mosaic virus, of primrose, 1201

Mosaic virus, of radish, 1200

Mosaic virus, of raspberry, 1195

Mosaic virus, of red raspberry, 1195

Mosaic virus, of rose, 1194

Mosaic virus, of sincamas, 1188

Mosaic virus, of sugar beet, 1178

Mosaic virus, of sugar cane, 1183

Mosaic virus, of tobacco, 1164

Mosaic virus, of tomato, 1164

Mosaic virus, of turnip, 1177

Mosaic virus, of vine, 1198

Mosaic virus, of wheat, 1192

Mosaic virus, of winter wheat ,
1161

Mosaic virus, simple, of potato, 1214

Mosaic virus, southern bean, 1168

Mosaic virus, streak-, of wheat, 1202
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Mosaic virus, vein, of red clover, 1187

Mosaic virus, western, of celery, 1176

Mosquitoes, 1230, 1252, 1254, 1259,

1266, 1267, 1277

Moth; see Gypsy moth, Nun moth
Mottle, feathery, virus, of sweet potato,

1202

Mottle-leaf virus, of cherry, 1197

Mottle, rusty, virus, of cherry, 1196

Mottle virus, of pea, 1191

Mottle virus, of potato, 1214

Mottling, infectious-, virus, of citrus,

1202

Mouse, 1234, 1248, 1250, 1251, 1256, 1257,

1260, 1262, 1265, 1267, 1268, 1270,

1272, 1277, 1279, 1280, 1286

Mouse, field, 1253

Mouse, gray, 1259

Mouse, gray field, 1236

Mouse, multimammate, 1277

Mouse, white, 1235, 1236, 1238, 1240,

1249, 1252, 1253, 1259, 1261, 1263

Mouse, white-footed, 1253, 1263

Mouse, wild, 1253

Mouse, wood, 1267

Mouse-poliomyelitis virus, 1261

Mouse salivary-gland virus, 1286

Mule, 1253, 1277, 1282

Mumps group of viruses, 1284

Mumps virus, 1284

Mung bean, 1189

Murialba cucumeris, 1173

Murialba venaiaenia, 1172

MURIDAE, 1238, 1251, 1253, 1259, 1261,

1272, 1277, 1286

Mus musculus, 1238, 1259, 1261, 1263,

1265, 1272, 1286

Mtisa textilia, 1193

MUSACEAE, 1193

Muacardinua avellanariuBf 1267

MUSCICAPIDAE, 1252, 1253

Musivum OMtrictum, 1167

Muaivum iabacif 1164

Muskmelon, 1173

Mustard, 1176, 1199

Mustard, black, 1176, 1177

Mustard, leaf, 1176

Mustard, white, 1176, 1177

Mustard, wild yellow, 1176

Muiiela ffenata, 1253

Mustela furOy 1273

Mustela sibiricay 1268

MUSTELIDAE, 1253, 1263, 1272, 1273

Myxoma virus, of rabbit, 1245

Myonax pulveridenluSy 1263

Myzus circumflexuSy 1164, 1171, 1173,

1176,1177,1185, 1200, 1204

Myzus cunvolvuliy 1176, 1200, 1204

Myz\i8 fragetefoliiy 1195, 1207

Myzus persicacy 1164, 1171, 1172, 1173,

1175, 1176, 1177, 1178, 1179, 1182, 1183,

1185, 1193, 1200, 1201, 1203, 1204

Myzus pseudosolaniy 1164, 1173, 1204

\anuSy 1206

Xajius cupidiformans y 1207

Nanus frayariaey 1207

Nanus holodisciy 1207

Nanus loganohacciy 1206

Nanus rnirabiliSy 1207

Nanus oricntaliSy 1206

Nanus pruniy 1208

Nanus rosettaCy 1152

Nanus sacchariy 1208

Nasturtium officinale

y

1177

Necrosis, foliar, virus, of potato, 1214

Necrosis virus, of tobacco, 1168

Nectarine, 1196

Neokolla circellatay 1153

Neokolla conJluenSy 1153

Neokolla gothicay 1153

Neokolla heiroglyphicay 1153

Neotoma fuscipeSy 1253

Nepeta cataria, 1173

Nephotcilix apicaliSy 1160

Nephotetiix bipunetatuSy 1100

Neslia paniculata, 1177

Nettlehead virus, of hop, 1151

Neurocystis herpetiiy 1235

Neuroryctes hydrophobiaey 1264

New Zealand spinach, 1146

Newcastle-disease virus, 1280

Nicotiana\ see also Tobacco
Nicotiana alatOy 1216

Nicoliana bigeloviiy 1177

Nicotiana glaucQy 1154, 1167, 1199

Nicoliana glutinosGi 1149, 1150, 1152,

1154, 1166, 1168, 1169, 1177, 1200, 1216

Nicoliana langsdorffii, 1168, 1169, 1177,

1201
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Nicotiana palmerif 1199

Nicotiana repanda, 1177

Nicotiana rusiica, 1149, 1154, 1155, 1156,

1177, 1199, 1201, 1216

Nicotiana sylvestria, 1166, 1177

Nicotiana tabacum, 1147, 1149, 1150,

1154, 1164, 1168, 1169, 1171, 1172, 1174,

1175, 1177, 1181, 1199, 1200, 1201,

1212, 1213, 1214, 1216, 1218, 1223

Nicotiana trigonophylla, 1154

Nightshade, black, 1147, 1214

Nuclear-disease virus, of pierids, 1227

Nun moth, 1226

Nun-moth disease virus, 1226

Nun-moth wilt virus, 1226

Nun-moth Wipfelkrankheit virus, 1226

Oat, 1160, 1161, 1162, 1192

Oat pupation -disease virus, 1162

Oat, wild, 1161

Ocean spray, 1207

Ocean-spray witches’-broom virus, 1207

Ocelot, 1271

Ockrosticta bemisiae, 1219

0LI:ACEAE, 1187

Onion, 1184

Onion yellow-dwarf virus, 1184

Ophiola alriatula, 1150

Oral -papillomatosis virus, of dog, 1242

Oral -papillomatosis virus, of rabbit, 1243

Orang-outang, 1231

Orange, 1210

Orange, sour, 1202

Ornithogalum-mosaic virus, 1184

Oniilhogalum thyrsoides, 1184

Oryctolagna cuniculus, 1237, 1243, 1244,

1245

Oryza scUiva, 1160, 1162

Ovine; see Sheep

Ovine balano-posthitis virus, 1238

Ovis aries, 1238, 1248, 1251, 1253, 1267,

1278

Owl, 1263

Owl, great horned, 1252, 1253

Ow'l, western burrowing, 1253

Oxyechus vociferus, 1253

Pachyrkizus crosus, 1188

Panicum dichotomiftorum, 1183

Panicum tniliaceum, 1160, 1162

Panleucopenia virus, 1279

Papilloma virus, of rabbit, 1244

Papillomatosis virus, of rabbit, 1244

Papillomatosis virus, oral, of dog, 1242

Papillomatosis virus, oral, of rabbit, 1243

Paracrinkle virus, of potato, 1200

Parotitis virus, epidemic, 1284

Parsley, 1176

Parsnip, 1146

Partridge, 1229

Paspalum boscianum, 1183

Passer domesticus, 1253

Passiflora alba, 1193

Passiflora coerulea, 1193

Passiflora edulis, 1193

PASSIFLORACEAE, 1193

Passion fruit, 1193

Passion -fruit woodiness virus, 1193

Pea, 1178, 1179, 1180, 1188, 1189, 1190,

1191,1223

Pea enation-mosaic virus, 1180

Pea-mosaic virus, 1179

Pea-mottle virus, 1191

Pea-streak virus, 1190

Pea, sweet
;
see Sw'eet pea

Pea-wilt virus, 1189

Peach, 1148, 1152, 1158, 1196, 1197, 1207,

1208

Peach asteroid-spot virus, 1196

Peach line-pattern virus, 1197

Peach, little-, virus, 1148

Peach-mosaic virus, 1196

Peach phony-disease virus, 1207

Peach-rosette virus, 1152

Peach X-disease group of viruses, 1151

Peach X-disease virus, 1152

Peach yellow'-red virosis virus, 1152

Peach-yellow’s virus, 1148

Peanut, 1187

Peanut-rosette virus, 1187

Pear, 1211

Pear stony-pit virus, 1211

Pelargonium horlorum, 1168, 1199

Pelargonium leaf-curl virus, 1199

Pennisctum glaucum, 1183

Pentalonia nigronervosa, 1174, 1193

Pepper, 1164, 1171, 1173, 1175, 1181, 1214

Perdesiekto virus, 1277

Peregrinus maidis, 1161
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Perennial - delphinium ringspot virus,

1216

Periwinkle, 1149, 1150, 1152

Perkinsiella saccharicidat 1157

Perkinsiella vastatrix, 1157

Peromyscus maniculatus^ 1253

Peromyscus poIionotuSy 1263

Pest virus, of fowl, 1279

Pest is bovina virus, 1276

Pest is equorum virus, 1277

Petroselimim hortensCy 1176

Pe-tsai, 1176

Petunia, 1171, 1175, 1200

Petunia species, 1171, 1175, 1177, 1200,

1212, 1216

Pferdesterbe, South African, virus, 1277

PHAGACEAE, 1128

PHAGINAE, 1128

PkaguSy 1128

Phagus alpha, 1141

Phagus artus, 1133

Phagus astriciuSy 1133

Phagus beta, 1141

Phagus caducus, 1141

Phagus celer, 1142

Phagus cholerae, 1142

Phagus citri, 1 135

Phagus coliy 1133

Phagus commutabiliSy 1136

Phagus contumaXy 1136

Phagus deformans

,

1135

Phagus diphtherias

,

1143

Phagus dubius, 1137

Phagus durabiliSy 1142

Phagus dysenieriae, 1132

Phagus effremis, 1143

Phagus enieriiidiSy 1136

Phagus fragiliSy 1140

Phagus futiliSy 1144

Phagus indicenSy 1137

Phagus indomituSy 1138

Phagus inepiuSy 1138

Phagus inlermediuSy 1140

Phagus laceranSy 1139

Phagus lenluSy 1143

Phagus liber

y

1142

Phagus maculanSy 1139

Phagus maidis, 1136

Phagus major
y
1133

Phagus maximuSy 1134

Phagus mediuSy 1132

Phagus rnichiganensiSy 1140

Phagus miniymiSy 1131

Phagus minor, 1131

Phagus parvus, 1131

Phagus primarius, 1132

Phagus pruni, 1135

Phagus secundarius, 1132

Phagus solanacearuyriy 1135

Phagus streptococciy 1139

Phagus subverienSy 1138

Phagus iertius, 1137

Phagus tcstabiliSy 1138

Phagus toleranSy 1139

Phagus tumor is, 1134

Phaseoius acutifolius, 1179, 1180

Phastolus aureuSy 1179, 1189, 1191

I*haseolus calcaratus, 1179

Phasiolus lufiatuSy 1108, 1179, 1188

Phastnlus vulgaris, 1108, 1169, 1179, IISO,

llSl, 11S9, 1190, 1191, 1216, 1219

PHA8IANIDAE, 1234, 1238, 1242, 1252,

1253, 1202, 1274, 1280

Phasianus colchicns, 1253

Pheasant, 1229, 1242, 1263, 1274

Pheasant -chicken, Fi hybrid, 1274

Pheasant embryo, 1253

Pheasant, ring-necked, 125^1

Phenomenal berry, 1200

PHILOPTEKIDAE, 1280

Phony-disease virus, of peach, 1207

Photinia arbutifolia, 1194

Phyllostoma superciliatum

,

1263

Physalis alkekengi, 1214

Physalis hcterophylla, 1171, 1173

Physalis subglabrata, 1173

Phytolacca americana, 1199

Phytolacca decandra, 1173

PHYTOLACCACEAE, 1173, 1199

Phytopathogenic viruses, 1145-1224

PHYTOPHAGINEAE, 1145

Phytovirus nicomosaicum, 1164

PICIDAE, 1252, 1253

Pierce ’s-disease virus, of grape, 1153

Pierid nuclear-disease virus, 1227

PIERIDAE, 1227

Pieris brassicaey 1227

Piesma cinerea, 1221

Pieama gyiadratOy 1221

PIE8MIDAE, 1221
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Pig, 1231, 1239, 1248, 1252, 1253, 1255,

1263 ; ace also Swine

Pigeon, 1229, 1235, 1251, 1252, 1253, 1255,

1263, 1279, 1280

Pigeon embryo, 1253

Pigeon-pox virus, 1229

Pimpernel, water, 1199

Pineapple, 1223

Pineapple side -rot virus, 1223

Pineapple yellow-spot virus, 1223

Piaum aativunif 1178, 1179, 1180, 1188,

1189, 1190, 1191, 1223

Plague virus, of cattle, 1276

Plague virus, of fowl, 1279

Plain’s wheat -mosaic virus, 1202

Plant diseases, viruses causing, 1145-

1224

PLANTAOINACKAK, 1164, 1199

Plantago lanccolaiGy 1164

Plantago major

^

1164, 1199

Plantago rugelii, 1161

Plantago six^oiea, 1166

Plantain, 1199

Plum, 1152, 1196, 1208

Plum, Japanese, 1148, 1197

Plum, wild, 1152

Pneumoenteritis virus, 1272

Poa pratcnsisy 1160

Poecile rubi, 1195

Pokeweed, 1199

Polecat, 1263

Poliomyelitis group of viruses, 1257

Poliomyelitis virus, of man, 1257

Poliomyelitis virus, of mouse, 1261

Polycladus robiniaCf 1150

POLYGONACEAE, 1199

Polygonum pennaylvanicum, 1199

Porlhctria diapary 1226

Potato, 1149, 1150, 1155, 1156, 1172, 1174,

1175, 1181, 1182, 1199, 1200, 1203, 1204,

1214, 1223

Potato acronecrotic -streak virus, 1214

Potato anecrosis virus, 1214

Potato aucuba-mosaic virus, 1175

Potato foliar-necrosis virus, 1214

Potato, healthy, virus, 1214

Potato latent virus, 1214

Potato leaf-roll virus, 1201

Potato marginal leaf-roll virus, 1203

Potato mild-mosaic virus, 1174

Potato-mottle virus, 1214

Potato-paracrinkle virus, 1200

Potato, President, streak virus, 1214

Potato semi-wilding virus, 1149

Potato simple-mosaic virus, 1214

Potato spindle-tuber virus, 1203

Potato spindling-tuber virus, 1203

Potato, Up-to-Date, streak virus, 1214

Potato-veinbanding virus, 1172

Potato virus A, 1174

Potato virus B, 1214

Potato virus D, 1214

Potato virus X, 1214

Potato virus Y, 1172

Potato wilding virus, 1149

Potato witches’-broom virus, 1149

Potato yellow-dwarf virus, 1155

Poultry-pox virus, 1229

Pox group of viruses, 1229

Prairie chicken, 1253

President streak virus, of potato, 1214

Prickly sow thistle, 1178

Primrose-mosaic virus, 1201

Primula species, 1201

PRIMULACEAE, 1199, 1201

Privet, 1187

Protobios
y
1128

Protobios bacteriophaguSy 1129

Proiobios protobios

y

1128

Prune, 1196, 1208

Prune-dwarf virus, 1208

Pnmua americanOy 1152

Primus armeniacay 1152, 1196

Prunus aviumy 1196, 1197, 1198, 1210

Pninus cerasua, 1152, 1197

Prwuis communiSy 1152, 1196

Prunus domesticay 1152, 1196, 1198, 1208

Prunus emarginatay 1197

Prunus line-pattern virus, 1197

Prunus mahaleby 1197

Pmnus persicOy 1148, 1152, 1158, 1196,

1197,1207,1208

Prunus pumila, 1152

Prumis salicinGy 1148, 1197

Prunus serrulatay 1197, 1198, 1210

Prunus species, 1148, 1207

Prunus rirj/i>itano, 1152

Pseudo-lymphocytic choriomeningitis

virus, 1260
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Pseudomonas solanacearum, 1135

Pseudorabies virus, 1236

Psorosis virus, of citrus, 1210

PULICIDAE, 1246

Puma, 1271

Pupation'disease virus, of oat, 1162

Pyrus communis, 1211

Pyrus malus, 1194

Quail, 1229, 1253

Quail, California, 1252, 1253

Rabbit, 1231, 1232, 1234, 1235, 1236, 1237,

1238, 1239, 1240, 1243, 1244, 1245, 1247,

1253, 1256, 1268, 1279

Rabbit, brush, 1253

Rabbit, cotton-tail, 1244, 1245, 1247,

1251, 1253

Rabbit-fibroma virus, 1247

Rabbit, jack, 12U, 1245, 1251

Rabbit-myxoma virus, 1245

Rabbit oral-papillomatosis virus, 1243

Rabbit-papilloma virus, 1244

Rabbit -papillomatosis virus, 1244

Rabbit virus III, 1237

Rabbit-wart virus, 1244

Rabies virus, 1263

Rabvla, 1284

Rabula exiguus, 1286

Rabula inflans, 1284

Rabula innocuus, 1285

Rabula latens, 1286

Rabula levis, 1285

RABULACEAE, 1284

Radicula palustris, 1177

Radish, 1176, 1200

Radish-mosaic virus, 1200

RANUNCULACEAE, 1158, 1177, 1200,

1216

Ranunculus asiaiicus, 1216

Rape, 1176, 1177, 1221

Rape-savoy virus, 1221

Raphanus raphanislrum, 1176

Raphanus sativus, 1176, 1177, 1200

Raspberry, 1195, 1205

Raspberry, black, 1195, 1206

Raspberry decline-disease virus, 1205

Raspberry eastern blue-stem virus, 1206

Raspberry leaf-curl virus, 1205

Raspberry-mosaic virus, 1195

Raspberry, red, mosaic virus, 1195

Raspberry-rosette virus, 1206

Raspberry-streak virus, 1206

Rat, 1238, 1239, 1248, 1256, 1267, 1268,

1277, 1279, 1286

Rat, black, 1253

Rat, brown, 1236, 1251

Rat salivary-gland virus, 1286

Rat, white, 1236, 1253, 1257, 1259, 1262,

1277

Rat, wood, 1253

Ratlua norvegicus, 1238, 1251, 1277

Rattus ralius, 1253

Red-clover vein-mosaic virus, 1187

Red-raspberry mosaic virus, 1195

REDUVIIDAE, 1254

Reindeer, 1239

Reithrodontomys megalatus, 1253

Reversion -disease virus, of black cur-

rant, 1203

RHAMNEAE, 1149

Rhipicephalus appendiculatus

,

1249

Rhizobium leguminosarum, 1138

Rhopalosiphum melliferum, 1176, 1177,

1200

Rhopalosiphum prunifoliae, 1184

Rhopalosiphum pseudobrassicae, 1177,

1179

Ribgrass, 1164

Rice, 1160, 1162

Rice dwarf-disease virus, 1160

Rift Valley fever virus, 1267

Rimocortius, 1208, 1209

Rimocortius kxvanzani, 1209, 1210

Rimocortius psorosis, 1210

Rimocortius pyri, 1211

Rinderpest virus, 1276

Ringspot, broad, virus, 1214

Ringspot, green, virus, 1212

Ringspot group of viruses, 1212

Ringspot No. 1 virus, 1212

Ringspot No. 2 virus, 1213

Ringspot virus, Bergerac, 1216

Ringspot virus, of delphinium, 1216

Ringspot virus, of perennial delphinium,

1216

Ringspot virus, of tobacco, 1212

Ringspot virus, of tomato, 1213

Ringspot, yellow, virus, 1212

Robin, 1252, 1253
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Robin embryo, 1253

Robinia pBeudoacacia^ 1150

Rocket candytuft, 1176

Rosa species and hybrids, 1104

ROSACEAE, 1148, 1152, 1158, 1194, 1195,

1196, 1197, 1198, 1205

Rose, 1194

Rose>dieback virus, 1193

Rose-mosaic virus, 1194

Rose-streak virus, 1194

Rose-wilt virus, 1193

Rosette, spike-, virus, of sandal, 1149

Rosette virus, of peach, 1152

Rosette virus, of peanut, 1187

Rosette virus, of raspberry, 1206

Rosette virus, of wheat, 1192

Rough-bark disease group of viruses,

1208

Rough-bark virus, of flowering cherrj',

1210

Rous chicken-sarcoma virus, 1242

Rubus idaeuSy 1195, 1205

Rubus loganobaccus, 1206

Rubus occidenialiSy 1195, 1206

Rubus parvifloruSy 1194

Rudbeckia hirtOy 1155

Ruga, 1218

Ruga bemisiacy 1219

Ruga gossypiiy 1218

Ruga tabaci, 1218

Ruga verrucosansy 1219

RUGACEAE, 1218

Ilunderpest virus, 1276

Rusty-mottle virus, of cherry, 1196

Rutabaga, 1177, 1221

RUTACEAE, 1202, 1210

Rye, 1160, 1161, 1162, 1192

Sacbrood virus, of honey bee, 1227

Saccharum narenga, 1183

Saecharum officinarunif 1157, 1158, 1159,

1161, 1183, 1208

St. Louis encephalitis virus, 1251

Salad chervil, 1176

Salivary-gland virus, of guinea pig, 1285

Salivary-gland virus, of hamst-er, 1285

Salivary-gland virus, of mouse, 1286

Salivary-gland virus, of rat, 1286

Salmonella enleritidiSy 1136, 1137

Salmonella gallinaruniy 1136, 1137

Salmonella typhosa, 1137

Samolusfloribundus
y 1199

Sanarellia cuniculiy 1245

Sandal, 1149, 1198

Sandal leaf-curl virus, 1198

Sandal spike-disease virus, 1149

Sandal spike-rosette virus, 1149

SANTALACEAE, 1149, 1198

Sanlalum album, 1149, 1198

SAPINDACEAE, 1149

Sarcoma virus, of fowl, 1242

Savoia, 1221

Savoia betae, 1221

Savoia napi, 1221

Savoia piesmae 1221

SAVOIACEAE, 1221

Savoy-disease group of viruses, 1221

Savoy virus, of beet, 1221

Savoy virus, of rape, 1221

Scelusy 1234

Scelus belay 1237

Scehis bovinuniy 1239

Scelits marmoranSy 1238

Scelus recurrenSy 1235

Scelus suillumy 1236

Scelus teTliuMy 1237

Scelus ulceriSy 1238

SGIURIDAE, 1263

Sciu rotamius davidianus
,
1268

Sciurus carolinensis

,

1267

Sciurus vulgaris, 1265

SCROPHULARIACEAE, 1191, 1212,

1214

Secalc cercaley 1160, 1161, 1162, 1192

Semi-wilding virus, of potato, 1149

Senccio mlgaris, 1178

Sereh-disease virus, of sugar cane, 1208

Selaria viridis, 1162

Sheep, 1232, 1234, 1236, 1238, 1239, 1248,

1249, 1250, 1251, 1253, 1255, 1256, 1263,

1267, 1276, 1278

Sheep, balano-posthitis virus of, 1238

Shepherd’s purse, 1176

Shigella dysenteriac, 1131, 1132, 1133,

1134, 1136, 1137

Sida mollis, 1186

Sida napaea, 1186

Sidalcea Candida, 1186

Side-rot virus, of pineapple, 1223
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Sieva bean, 1168

Sigmodon hispidns, 1253, 1257

Silkworm, 1226, 1227

Silkworm-grasserie virus, 1226

Silkworm-jaundice virus, 1226

Silkworm-wilt virus, 1226

Silly-hill disease virus, of hop, 1151

Simple mosaic virus, of potato, 1214

Sinapis cdha, 1177

Sincamas, 1188

Sincamas-mosaic virus, 1188

Sisymbrium altissimum 1177

Sisyfnbrium officinale^ 1177

Smallpox virus, 1231

Soja max, 1168, 1180; see also Glycine soja

SOLANACEAE, 1147, 1149, 1150, 1152,

1154, 1155, 1164, 1166, 1167, 1168, 1169,

1171, 1172, 1173, 1174, 1175, 1177, 1181,

1199, 1200, 1203, 1204, 1212, 1213, 1214,

1216, 1218, 1219, 1223

Solanum dulcamara, 1175, 1204, 1214

Solanum melongena, 1147

Solanum nigrum, 1147, 1168, 1169, 1174,

1175, 1214

Solanum tuberosum, 1149, 1150, 1155, 1172,

1174, 1175, 1181, 1199, 1200, 1203, 1204

1212, 1214, 1223

Solanum cillosiim, 1204

Solanum viruses 1, 4, and 6, 1214

Sonchus asper, 1178

Sorbus pallescens, 1194

Sorghum, 1183

South African Pferdesterbe virus, 1277

Southern bean -mosaic virus, 1168

Sowbane, 1199

Sow-thistle, prickly, 1178

Soy l)ean, 1168, 1180, 1190

Sparrow embryo, 1253

Sparrow, English, 1229, 1253

Sparrow, GambePs, 1253

Speedwell, 1214

Speotylo cunicularia, 1253

Spike-disease virus, of sandal, 1149

Spike-rosette virus, of sandal, 1149

Spinach, 1173, 1177, 1178, 1191, 1291

Spinacia oleracea, 1177, 1178, 1191, 1200,

1204

Spindle-shoot virus, of alfalfa, 1151

Spindle-tuber group of viruses, 1202

Spindle-tuber virus, of potato, 1203

Spindling-tuber virus, of potato, 1203

Spotted-wilt virus, of tomato, 1223

Spring-encephalitis virus, forest, 1249

Spring-summer encephalitis virus, 1249

Squash, 1219

Squash, summer crookneck, 1200

Squirrel, David's, 1268

Squirrel, grey, 1267

Squirrel, red, 1265

Stachytarpheta indica, 1150

Staphylococcus albus, 1140, 1141, 1142

Staphylococcus aureus, 1140, 1141

Staphylococcus muscae, 1142

Stellaria media, 1191, 1220

Sterility virus, of hop, 1151

Stock, 1176, 1177

Stolbiir virus, 1147

Stomatitis virus, aphthous, of man, 1235

Stomatitis virus, erosive, of cattle, 1239

Stomatitis virus, vesicular, of horse, 1240

Stony-pit virus, of pear, 1211

Stork, 1263

Stork, white, 1253

Stowboor virus, 1147

Strawl)erry, 1195, 1207, 1208

Strawberry-crinkle virus, 1195

St rawl>erry -stunt virus, 1208

Strawberry witches'-broom virus, 1207

Strawberry yellow-edge virus, 1195

Streak, acronecrotic, virus, of potato,

1214

Streak, chlorotic-, virus of sugar cane,

1161

Streak-mosaic virus, of wheat, 1202

Streak virus, of maize, 1159

Streak virus, of jH'a, 1190

Streak virus, of President potato, 1214

Streak virus, of raspberry, 1206

Streak virus, of rose, 1194

Streak virus, of tobacco, 1213

Streak virus, of Up-to-Datc potato, 1214

Streptococcus cremoris, 1138, 1139

Streptococcus mucosus, 1139

Streptococcus species, 1139, 1140

8TRIGIDAE, 1252, 1253

Stripe-disease group of viruses, 1159

Stripe virus, of maize, 1161

Strongyloplasma avium, 1229

Strongyloplasma hominis, 1241

Strongyloplasma myxomae, 1215
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Strongyloplasina variolae, 1231

Stunt virus, of strawberry, 1208

Sudan grass, 1183

Sugar beet, 1149, 1199; see also Beet

Sugar-beet curly-top virus, 1219

Sugar-beet jaunisse virus, 1204

Sugar-beet leaf-crinkle virus, 1221

Sugar-beet leaf-curl virus, 1221

Sugar-beet mosaic virus, 1178

Sugar-beet vergelingsziekte virus, 1204

Sugar-beet yellows virus, 1204

Sugar cane,' 1157, 1158, 1159, 1160, 1161,

1183, 1208

Sugar-cane chlorotic -streak virus, 1161

Sugar-cane dwarf-disease virus, 1158

Sugar-cane Fiji -disease virus, 1157

Sugar-cane fourth -disease virus, 1161

Sugar-cane mosaic virus, 1183

Sugar-cane sereh -disease virus, 1208

SUIDAE, 1252, 1253, 1262, 1268, 1275,

1282

Suricala snricatta, 1263

Suricate, (’ape, 1263

Sus scrofa, 1233, 1252, 1253, 1262, 1268,

1275, 1282; sec also Pig, Swine

Swede, 1177

Sweet clover; see also (’lover

Sweet clover, annual yellow, 1180

Sweet clover, white, 1180, 1188

Sweet clover, yellow, 1180

Sweet pea, 1178, 1179, 1180, 1187, 1190

Sweet potato, 1202

Sweet -potato feathery-mottle virus, 1202

Swine, 1232. 1233, 1236, 1240, 1262,

1268, 1275, 1276, 1282; sec also Pig

Sw'ine-fover virus, 1275

Swine Sltrate-diseaae virus, 1268

Swineherds ’-disease virus, 1262

Sw'ine-pox virus, 1232

Sylvilagus audubonu, 1253

Sylvilagiis bcu:hmani, 1253

Sylvilagus nuttallij 1251

Sylvilagus species, 1244, 1245, 1247

Symptomless virus, of lily, 1211

Synedrella nodiflora^ 1218

Syniherisma sanguinalCy 1183

Taeniorhynchus brcvipalpis^ 1267

Tarpeia, 1268

Tarpeia alpha, 1268

Tarpeia avium, 1274

Tarpeia beta, 1270

Tarpeia canis, 1272

Tarpeia jelis, 1271

Tarpeia premens, 1270

Tarpeia vitulae, 1272

Tarpeia viverrae, 1273

Tarpeia vulpis, 1273

Tatera lohengula, 1277

Tepary bean, 1180

TETRAOXIDAE, 1253

Thamnoiettix argenlala, 1148, 1154

Thamnotettix geminatus, 1147

Thamnoiettix moutanus, 1117

Theiler’s-disease virus, 1261

Thistle, sow-, prickly, 1178

Thlaspi arvetisc, 1177

Thrasher, 1253

THRIPIDAE, 1223

Thrips tahaci, 1223

Tick, American dog, 1252

Tiger, 1271

Tiger cat, African, 1271

Tiger cat, American, 1271

Tiger cat, rusty, 1271

Tobacco, 1147, 1149, 1150, 1154, 1164,

1166, 1168, 1169, 1170, 1171, 1172, 1173,

1174, 1175, 1177, 1181, 1200, 1213, 1214,

1216, 1218, 1223; see also Xicotiana

species

Tobacco-etch virus, 1171

Tobacco, Indian, 1154

Tobacco leaf-curl virus, 1218

Tobacco mild dark-green mosaic virus,

1167

Tobacco-mosaic virus, 1164

Tobacco-necrosis virus, 1168

Tobacco-ringspot virus, 1212

Tobacco-streak virus, 1213

Tobacco yellow-dwarf virus, 1161

Tomato, 1147, 1149, 1150, 1152, 1164,

1166, 1168, 1169, 1171, 1175, 1181, 1199,

1200, 1204, 1214, 1219, 1223, 1224

Tomato big-bud virus, 1147

Tomato bushy-stunt virus, 1169

Tomato-mosaic virus, 1164

Tomato-ringspot virus, 1213

Tomato spot ted-wilt virus, 1223

Tortor, 1275

Tortor bovis, 1276
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Tortor equae^ 1278

Tofior eqrwrum, 1277

Tortor felis^ 1279

Tortor furenSj 1280

Tortor gallic 1279

Tortor oris, 1278

Tortor suis, 1275

Toxoptera aurantii, 1202

Toxoptera graminum^ 1183

Toxosioma lecontei, 1253

Toyon, 1194

Tree tobacco, 1167

Trefoil, haresfoot, 1190

Triatoma sanguisuga, 1254

Trifolium agrarium, 1180

Trifolium arvense, 1190

Trifolium carolinianum, 1180

Trifolium cernuum^ 1190

Trifolium duhium^ 1180

Trifolium fragiferum^ 1190

Trifolium glomeraium^ 1180, 1190

Trifolium hybridumt 1180, 1187, 1189,

1190, 1191

Trifolium incamcUum^ 1156, 1157, 1180,

1181, 1187, 1189, 1190, 1191

Trifolium pratense, 1155, 1179, 1187, 1189,

1190, 1191

Trifolium procumbens, 1180

Trifolium reflexum^ 1180

Trifolium repens
^ 1188, 1189, 1190,

1191

Trifolium suaveolens, 1180

Trifur, 1282

Trifur equorurn, 1282

Trifur gallinarum, 1283

TRIFURACEAE, 1282

Triticum species, 1160, 1161, 1162, 1192

Tropaeolum majus, 1224

Tulip color>adding virus, 1182

Tulip, garden, 1182

Tulipa clusiana, 1182

Tulipa eichleri, 1182

Tulipa gesneriana, 1182

Tulipa greigi, 1182

Tulipa linifolia, 1182

Turdus merula, 1253

Turdus migratorius, 1252, 1253

Turkey, 1229, 1251, 1253, 1279

Turkey embryo, 1253, 1274

Turnip, 1176, 1177

Turnip-mosaic virus, 1177

Turtle, 1231

Tympanuchus cupido, 1253

Ulmus americanaf 1154

UMBELLIFERAE, 1147, 1176, 1199, 1200

Up-to-Date streak virus, of potato, 1214

URTICACEAE, 1154

Vaccinia strain, 1231, 1233

Vaccinium macrocarpon, 1150

Vaccinium oxycoceus, 1150

Varicella group of viruses, 1233

Varicella virus, 1233, 1235

Variola virus, 1231

Vegetable marrow, 1173

Veinbanding virus, of potato, 1172

Vein-clearing virus, of cherry, 1198

Vein-mosaic virus, of red clover, 1187

VERBENACEAE, 1150

Vergelingsziekte virus, of sugar beet,

12(U

Vernonia cineria, 1218

Vernonia iodocalyx, 1218

Veronica species, 1214

Vesicular-stomatitis virus, of horse, 1240

Vetch, common, 1180

Vetch, hairy, 1190

Vetch, spring, 1179

Vibrio comma, 1142, 1143

Viciafaba, 1179, 1180, 1187, 1189, 1190,

1191

Vida saliva, 1179, 1180, 1189, 1191

Vida villosa, 1190

Vigna sinensis, 1169, 1173, 1188, 1189,

1212

Vinca rosea, 1149, 1150, 1152

Vine-mosaic virus, 1198

Viola comuta, 1200

VIOLACEAE, 1200

VIRALES, 1128

Virescence virus, 1147

Virosis, yellow-red, virus, of peach, 1152

Virulent latent virus, of potato, 1214

Virus A, of potato, 1174

Virus B, of man, 1237

Virus B, of potato, 1214

Virus D, of potato, 1214

Virus myxomalosum, 1246

Virus X, of potato, 1214



INDEX XXlll

Virus Y, of potato, 1172

Virus III, of rabbit, 1237

VITACEAE, 1153, 1198

ViiU vinifera, 1163, 1198

VIVERRIDAE, 1263

Vole, field, 1253, 1265, 1267

Vulpes species, 1272, 1273

Vullur fulvuSf 1253

Vulture, tawny, 1253

Wallaby-ear disease virus, of corn

(maize), 1158

Wallflower, 1177

Wart-disease group of viruses, 1241

Wart virus, cominon, of man, 1241

Wart virus, of cattle, 1242

Wart virus, of rabbit, 1244

Wart hog, 1275

W'ater pimpernel, 1109

Watermelon, 1167

Weasel, 1253

West Nile encephalitis virus, 1251

Western celery-mosaic virus, 1176

Wheat, 1160, 1161, 1162, 1192, 1202

Wheat-mosaic virus, 1192

Wheat -mosaic virus, plain’s, 1202

Wheat -rosette virus, 1192

Wheat streak -mosaic virus, 1202

Wheat (winter-wheat) mosaic virus, 1161

White flies, 1218, 1219

White heart virus, of lettuce, 1146

Wilding virus, of potato, 1149

Wilt virus, of gypsy moth, 1226

Wilt virus, of iiun moth, 1226

Wilt virus, of pea, 1189

Wilt virus, of rose, 1193

Wilt virus, of silkworm, 1226

Windflower, vernal, 1158

Winter -w'heat mosaic virus, 1161

Wipfelkrankheit virus, of nun moth,

1226

Wisconsin false-blossom virus, 1150

Witches’-broom virus, of alfalfa, 1151

Witchcs’-broom virus, of locust, 1150

Witches’-broom virus, of ocean spray,

1207

Witches’-broom virus, of potato, 1149

Witches’-broom virus, of straw-berry,
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