””” P S ails s> W §

3 'BIRLA CENTRAL LIBRARY

§ . PILANT Rjasthan)

' ChusNo. G/8 07§ 3
t Book Ne: } S ‘17 i

: - AccesstonNo:. &5” 70 3 ;
| PR AV o APV ¢S AP A g at I ,:









DIAGNOSTIC PROCEDURES
AND REAGENTS

TECHNICS FOR THE
LABORATORY Di1aGNoOSIS AND CONTROL OF THE

CoMMUNICABLE DISEASES

THIRD EDITION

The Subcommittee on Diagnostic Procedures and Reagents has
prepared this report. It has been reviewed by the Codrdinating
Committee on Laboratory Methods and recommended for pub-
lication. Publication has been authorized by the Committee on
Research and Standards of the American Public Health
Association.

Publication Office

AMERICAN PuBLic HEALTH ASSOCIATION, INC.
1790 Broadway
New York 19, N. Y.



Copyright, 1941, 1945, 1340, .

\
AMERICAN PuBLIC HEALTH ASSOCIATION, INC.



CONTENTS

PAGE
Foreword for the Third Edition............... .. ... oo, v
Culture Media. . ..ottt ittt i e e e e 1
Lt. Col. Philip R. Carlquist, M.S.C.

The StreptoCOCCH. .. vuv vt tieiiineiere e iiii et eiteneaeaeanansanas 49
G. M. Mackenzie, M.D.

The PRCUMOCOCCUS. « .ttt tiereeinaereeenessoraeessassneennnesesnasennans 67
Kenneth Goodner, Ph.D.

The Meningococcus (Neisseria meningitidis)...............oooviiein, 80
Sara E. Branham, Ph.D., M.D,, Sc.D.

The Gonococcus (Neisseria gonorrhoeae).............c.ouuiniennnninnnnns 107
Charles M. Carpenter, Ph.D., M.D.

Hemophilus pertussis. ......... ..o i 136

Pcarl Kendrick, Sc.D., George McL. Lawson, M.D., Dr.P.H,, and John J.
Miller, Jr., M.D.

The Diphtheria Bacillus (Corynebacterium diphtherige)............... ... .. 156
Martin Frobisher, Jr., Sc.D.

The Tubercle Bacillus (M ycobacterium tuberculosis)
Martin M. Cummings, M.D.

Salmonella and Shigella.......... oo i i 212

Marion B. Coleman

Brucellosis (Undulant Fever) (Brucella abortus, Brucells suis, and Brucella
MEBILENSIS) . . . o e, 236
Earle K. Borman and D. Evelyn West

Tularemia (Pasteurella tularensis)
George D. Brigham, Ph.D.

The Cholera Vibrio (Vibrio comma, Vibrio cholerae)
C. V. Seastone, M.D.

[iiil



iv CONTENTS

. PAGE

The Laboratory Diagnosis of Anthrax...............cooiviiiiiien, Cevees 277
William A. Hagan, D.V.M.

The Laboratory Diagnosis of Glanders................. e cieees 285
William A. Hagan, D.V.M.

Serodiagnosis of Syphilis.............coiiiiiiiiiii e 290
J. F. Mahoney, M.D., and Margaret R. Zwally

Chancroid and Granuloma Inguinale...............ccoiiiiiiiiiiiiiine, 300
Everett S. Sanderson, Ph.D., M.D.

Infectious MONONUCIEOSIS. . .ot vvuvtvieiiiiiii it iiiiiiin e einenass . 308
C. A. Stuart, Ph.D.

Leptospira Infection (Weil’s Disease)...............cccoiiiiiiniiiin..., 315
Abram B. Stavitsky, Ph.D., VM D.

Bacterial Food Poisoning...................... e e 347
G. M. Dack, Ph.D.,, M.D.

The Malaria Parasites of Man..........o.cooiiiiiiiiiiiiiiiiin ., 368
Aimee Wilcox

Laboratory Diagnosis ot Helminths and Protozoa.......................... 417
H. W. Brown, M.D.

Trichinosis . . . . .. .o e 444
Howard B. Shookhoff, M.D.

Pathogenic Fungi...........cooi i e 452
Norman F, Conant, Ph.D.

Blood Cultures. ... ... ..ottt e e, 483
Casper G. Burn, M.D.

Technic of Rh Testing.........cooovvuiiiiiiiiiiiiiii ittt e, 499

Philip Levine, M.D., and Milton Wigod

Antimicrobial Assays: Bacterial Response and Level Determinations in Body
Fluids . . .......oooiiiiiiiininns, et i, cees 538
Carolyn R. Falk



FOREWORD

E third edition of Diagnostic Procedures and Reagents has been
‘prepared, as were the previous editions, with the primary purpose
of being a useful guide to the laboratory worker. This means more
than the preparation of a manual, with steps of techniques arranged
in consecutive order and with no explanation of the principles involved.
In the preparation of chapters, judgment of the Referee as to the
manner of presentation was accepted. The choice of methods to be
described in detail was the decision of the individual Referee. Since
this volume cannot attempt to standardize methods where many methods
are available, and where no satisfactory means of standardization are
available, it is felt that this individual manner of presentation enhances
the value of the book by giving adequate discussion of the methods
with which authors have had the greatest experience. In some chapters
it has been necessary to include the essential clinical features of diseas¢
in order to guide the laboratory worker in the collection and handling
of suitable specimens.

The chapter on the serology of syphilis was prepared as a discussion
of basic principles and problems. It was felt that the variety of
methods in use and the minute technical details necessary for uni-
formity, as well as the rapid changes taking place with the introduction
of cardiolipin antigen, make a description of techniques impossible in
a volume of this size. Complete descriptions of techniques by author-
serologists are published by the U. S. Public Health Service.

It is the work of the referees that has made this book possible and
it is their expert knowledge and experience that give it value.

Rarru S. MuckeNruss, Chairman,
Subcommittee on Diagnostic Pro-
cedures and Reagents

American Public Health Association
1790 Broadway
New York 19, N. V.
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Culture Media

LT. COL. PHILIP R. CARLQUIST, M.S.C.
U.S. Army

I. INTRODUCTION

1I. INGREDIENTS

III. STERILIZATION

IV. TasLE oF CULTURE MEDIA
V. PREPARATION OF FORMULAS

I. INTRODUCTION

THE ultimate aim in the preparation of a culture medium is the
production of a substrate that will meet the nutritional needs of
the organism under study. While most media have been developed as
tools for the study of certain phases of bacterial physiology as a means
of identification, several important formulas have been derived to supply
essential growth factors for the adequate nutrition of fastidious organ-
isms. Although the essential growth requirements have been determined
for many organisms, the majority of media in common use are made
from empiric formulas of ingredients which experience has proved are
adequate sources of energy and structural material for bacterial growth.
Many factors other than the supply of proper nutritional needs enter
into the preparation of good culture media. Freely available water is
essential for all metabolic processes, the hydrogen ion concentration
must be carefully controlled and inhibitory substances must be very
carefully controlled.

All bacteria except the true autotrophs secure their energy from the
oxidative decomposition of organic nitrogenous compounds, carbohy-
drates, organic acids or salts. A source of nitrogenous food material is
required by all bacteria. Most organisms of medical importance require
the nitrogenous base as a protein or protein derivative. The use of
peptone to supply the required nitrogen was first described by C. von
Nigeli ! in 1872.

Peptones as a general class are crude products resulting from the
hydrolytic cleavage of proteins. They consist of mixtures of proteoses,

(11



2 Di1aGNOSTIC PROCEDURES AND REAGENTS

true peptones, polypeptids and amino acids.. The composition of the
peptone will vary with the protein substrate digested, the enzyme
system used for digestion, and the time period allowed for the digestion
process. These protein derivatives are excellent sources of nitrogen
because they are soluble and are not coagulated by heat. Peptones are
well adapted to the synthetic metabolism of bacteria because of their
high amino acid content. Mixtures of amino acids can also be prepared
by the strong acid hydrolysis of protein substrates. In these acid
hydrolysates, the amino acid tryptophane, an essential metabolite for
many pathogens, is destroyed concomitantly with the cleavage of the
peptones and peptids and the destruction of several other necessary
growth factors. As a result, these substances must subsequently be
added to make a complete amino acid mixture.

Meat extract has been used as a growth supplement since its first
introduction by C. von Nigeli and W. von Nigeli in 1875. This work
was reported in the first comprehensive review of the nutritive require-
ments of microdrganisms in which von Nigeli? summarized the his-
torically interesting studies which he and his collaborators had pursued
throughout the previous ten years. As the name implies, meat extract
is a mixture of the water soluble constituents—nitrogenous compounds,
fermentable carbohydrates and minerals, found in muscle tissue. Meat
extracts are very useful in empiric formulas because they contain sub-
stances which have a markedly stimulating effect on bacterial growth.
Many of these substances are not supplied by peptones in adequate
quantities.

Amino acids and other protein derivatives used in bacterial media are
not only important for their nitrogen supply capacity, but also for other
biochemical properties which they possess as a result of their chemical
structure. All proteins and protein derivatives are amphoteric and act
as buffers tending to stabilize the rapid changes in pH which would
ordinarily result from the addition or the production of milli-equivalent
amounts of either hydrogen or hydroxyl ions. The metabolic utiliza-
tion of amino acids by micro6rganisms generally results in the produc-
tion of alkaline residues which tend to compensate for the acid residues
which ordinarily result from carbohydrate utilization.

Carbohydrates and organic acids or salts are incorporated in culture
media as a readily available source of energy for the metabolism of
microdrganisms. They are also useful in fermentation and utilization
tests primarily designed for the identification of bacteria. When an
organism elaborates enzymes which are capable of oxidizing carbon com-
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pounds, energy is released for the growth processes. Utilization of
these compounds can be followed by observation of the cultures for the
disappearance of the original compound or the appearance of the end
products of the oxidative decomposition. While many of the mecha-
nisms involved in enzymic catalyses remain to be elucidated, stereo-
chemical specificity was noted as long ago as 1858 when Pasteur?
recorded that d-ammonium tartrate disappeared from an inoculated
culture medium, but when l-ammonium tartrate was substituted in the
same medium, the organism did not utilize it. Most bacterial enzymes
or the ability to produce them are apparently hereditarily transmitted
and constant. This fact aids in the identification of bacteria since the
presence of certain enzyme systems may be used to establish the pattern
of the unknown organism for correlation with previously established
patterns.

Very little is known concerning the absolute inorganic requirements
for adequate bacterial metabolism, but mineral salts do have an essential
role. Salts are important as constituents of the cell protoplasm, as
enzyme activators, and as physical agents in the maintenance and
regulation of osmotic pressure and the ionic balance between cell and
substrate. The metallic ions, iron, 'copper and manganese, probably
assist in the regulation of oxidation reduction potentials by virtue of
their reversible valence changes. Sodium, potassium, calcium, and
magnesium are important as enzyme activators. Phosphorus in the
form of phosphates plays a large part in the release of energy from
organic compounds by virtue of its ability to form high energy bonds.
It may be presumed that the halides assist in balancing ionic equilibria.
Definitive studies of the effect of mineral salts in the metabolism of
bacteria are hindered by the fact that many of the common and neces-
sary metallic salts are present in variable amounts in many of the
compounds necessary to sustain bacterial growth,

Our knowledge of the influence of growth factors and vitamins on
microbial growth has increased markedly in the past two decades. All
of this work has shown that the growth requirements of bacteria must
be considered individually as to type, species, and strain because there
is no pattern of essential ingredients common to all types of bacteria.
Many bacteria can synthesize all of their essential amino acids, growth
stimulants and vitamins from inorganic sources. In contrast, many
bacteria require rather complex mixtures of amino acids, accessory
factors and vitamins for adequate growth. Pasteur® used yeast extract
and muscle juice sterilized by filtration as sources of nitrogen and
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commented on the markedly stimulatory effect. Yeast extract is still
used empirically and is a very excellent source of growth factors.

An early definitive study of accessory growth factors was made by
Davis* in 1917 while working with Hemophilus influenzae. Davis’s
work demonstrated that two factors, later termed X and V by Thjotta
and Avery,® were essential components which had to be added for
growth to occur in media of peptone base. In 1937 Lwoff and Lwoff ¢
identified the V factor as coenzyme I, diphosphopyridine nucleotide.
The X factor had previously been identified as an iron complex. The
early studies on the growth factors required by H. influenzae as ex-
emplified by the papers cited and by many others of the same period
were directed toward the solution of the practical problem of developing
media for the isolation and study of an organism. In contrast, the
papers subsequently published by the Lwoffs and by many other workers
have been primarily concerned with the elucidation of the biochemical
nature of the factors involved and study of the probable mechanism
of their action.

Comprehensive studies of the nutritional requirements of many other
bacteria are available in the literature of bacteriology and biochemistry.
Unfortunately, the information derived from the exhaustive study of
one genus cannot be utilized in its entirety in the study of a different
genus because of the marked discrepancies in the requirements of differ-
ent genera.

As exemplified by the work with Neisseria gonorrhoeae, some of the
original studies have laid the groundwork for investigation of strain
variation of nutritional requirements within the species. Working with
complex media, Lankford, Scott, Cox, and Cooke,” and Lankford and
Snell® demonstrated that many strains of N. gonorrkoeae required
glutamine for growth on original isolation. Later Lankford and
Skaggs ? reported the isolation of strains which required cocarboxylase.
There is some disagreement as to the organic acids essential for growth
of N. gonorrhoeae. Plack, Stockinger, and Carpenter ' reported that
a medium of nine organic acids, five inorganic salts, and glucose would
sustain growth of the gonococcus. Other workers!! found this medium
unsatisfactory. Working with a closely related organism, Frantz!?
found that a medium composed of d-glutamic acid, l-cystine and am-
monium chloride supplemented with a mixture of four inorganic salts
and glucose was capable of supporting the growth of Neisseria meningi-
tidis. It may be that the essential growth requirements of the majority
of strains of N. gonorrhoeae are relatively as simple and that the main
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difficulty to be overcome in the isolation of the gonococcus on media,
empiric in formula, is the suppression of inhibitory substances as has
been suggested by Mueller and Hinton.!'3

Space does not permit further discussion of specific points in the
field of bacterial nutrition. As guides to further study in this inter-
esting field, the excellent reviews of Knight'* !5 and the well docu-
mented chapters of Porter ' should be utilized for their practical and
historical interest.

1. INGREDIENTS

The quality of the ingredients used in the preparation of culture
media is of utmost importance. It is axiomatic that a good workman
can do better work with better tools, and culture media are the essential
tools used in bacteriology. The quality of a culture medium depends
upon the quality of the ingredients of which it is made and on the care
with which it is prepared. Uniformity of product can be secured only
when all materials used are of uniform quality at all times. In most
instances, distilled water should be used in the preparation of bac-
teriologic media. Chemicals used should conform with the highest
standards established by the American Chemical Society unless other-
wise specified. Those organic compounds and other chemicals for
which standards of purity have not been established, should be pro-
cured only from sources of established integrity and reliability.

Bacteriological peptones were studied by a committee of the board
for the revision of the U.S. Pharmacopocia. As a result of this study,
exacting standards and specifications were included in U.S.P. XIII for
a bacteriological peptone—Pancreatic Digest of Casein. The U.S.P.
description includes a section listing the cultural characteristics which
the peptone must meet in order to be approved. Pancreatic Digest of
Casein is available under various trade names from several reliable
firms and because the U.S.P. standards control the purity as well as
the biologic properties, such preparations are strictly comparable. It is
highly recommended that Pancreatic Digest of Casein—a bacteriological
peptone, U.S.P. XIII, be used in the preparation of all basic culture
media.

Fermentable compounds—carbohydrates, polyhydric alcohols and the
organic acids or their salts, are usually added to culture media to
detect specific enzyme systems. It is essential that only substances of
highest purity be utilized for this purpose if the results obtained are
to be considered reliable. Special precautions are often necessary in
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the sterilization of fermentable compounds that are not heat stable, as
prolonged or undue exposure to heat will destroy the identity of the
substance. Mudge 17 has reported that 4 per cent of added maltose was
hydrolyzed to glucose on the first day and “a very great” percentage
on the second day when subjected to fractional sterilization in the
Arnold. In contrast, less than 1 per cent of the maltose was hydrolyzed
by careful autoclaving. These figures indicate that maltose and other
compounds similarly hydrolyzable under the influence of heat should be
sterilized by filtration unless excellent autoclaves are available.

Adequate growth of most organisms will be sustained on basal media
of peptone and meat extract. When it is necessary to supplement such
a basal medium, yeast extract, sterilized by filtration, is probably the
most economical source of essential metabolites. Commercial liver
extracts, malt extracts and extract concentrates are also adequate sub-
stitutes in bacterial nutrition. Pure enzymes, vitamins and coenzymes
are necessary only in definitive studies for the determination of essential
growth factors of bacteria and, in general, their use can be limited to
research investigations.

Several infusion base formulas are listed in the compilation of culture
media without actual proof that the resultant product will supply the
nutritional needs of fastidious organisms any better than a solution of
pancreatic digest of casein and meat or yeast extract. Stokes, Gunness,
and Foster!® determined the levels of eight members of the vitamin
B-complex supplied by ingredients commonly used in culture media.
They were able to classify the culture media ingredients in four groups
based upon the abundance of the vitamins of the B-complex. Meat
extract, brain heart infusion and heart infusion were of the same order.
Brewer 1° has reported that vegetable digests were more satisfactory
than meat infusion in supporting adequate growth of several of the
more fastidious organisms. Economically, infusion media are very
expensive because the high cost of the initial ingredients is coupled with
an exorbitant expenditure of time and labor in their preparation. At
the present time the cost of the initial ingredients for one liter of
extract-peptone solution is approximately 15 cents, and it can be
prepared for sterilization in less than 10 minutes. In comparison,
the cost of the ingredients for one liter of infusion broth is approxi-
mately six to seven times as much and will require from 2 to-$
hours of labor depending on the method of infusion and the type of
meat used. Until definitive assays for known and unrecognized growth
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factors conclusively prove that infusions are superior to yeast or meat
extracts as a source of essential metabolites, it is recommended that
infusion formulas be emended by substituting a solution of 0.3 per cent
yeast extract and 1.5 per cent pancreatic digest of casein, liter for liter.

Inhibitory substances may be added to culture media when agar con-
taining unknown impurities is incorporated into the medium as a
solidifying agent. Levine and Schoenlein 2° cited Dominikiewicz method
(1908) for purifying agar to remove inhibitory substances. Ayers,
Mudge, and Rupp?! demonstrated the necessity of washing agar for
the elimination of inhibitory substances. These problems can be
largely eliminated if agar is procured from reliable firms specializing in
the supply of ingredients for culture media preparation. An agar with
1 per cent foreign insolubles and 6.5 per cent ash of unknown mineral
composition meets the specifications established in U.S.P. XIII. Ob-
viously, such an agar could contain many inhibitory salts and would
have to be purified before it could be used in the preparation of culture
media.

For economy of time and working space, dehydrated media can be
used without sacrificing the quality of the ultimate product. The com-
petition between the producers of dehydrated culture media results in
uniformity and quality in the product, not obtainable in small labora-
tories whose budgets are too small to permit inclusion of a special
section for the preparation of media. Constant efforts are being
made by all manufacturers to improve production methods. Formulas
which contain unstable compounds or unstable compounds formed by
mixing two ingredients shortly before use are not adapted to dehydra-
tion, although the basal medium, or adequate substitutes, may be
available. Many of the formulas listed in the compilation of culture
media are available as the dehydrated powder and their use is highly
recommended. Economically, it may be advantageous to prepare basic
broths and agars from dehydrated ingredients, rather than to purchase
the completed medium in dehydrated form. For many of the selective
and differential media, the use of dehydrated products is almost man-
datory.

lil. STERILIZATION

Autoclave sterilization is the method of choice in the preparation of
all culture media except those containing compounds which are de-
stroyed by exposure to heat. It should be the aim in all media prep-
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aration to sterilize the product at the lowest temperature and shortest
time period which experience has shown essential for sterility. To
achieve this aim certain definite principles must be observed:

1. The autoclave must be cfficient and should be equipped with a drain line ther-
mometer.

2. The autoclave must not be overloaded.

3. Bulk media should be preheated to avoid undue time lag.

4. Tubes should be packed loosely in baskets and never placed in containers
capable of entrapping air.

5. All air must be exhausted from the autoclave to maintain the prop:r pressure-
temperature-time relationships.

6. Flasks and tubes should not be filled to more than two-thirds capacity.

7. The media should be removed from the autoclave as soon as possible.

Adoption of these simple rules will aid in the production of good
media. Prolonged sterilization of agar media will result in the produc-
tion of a precipitate and occasionally in the destruction of the jellifying
properties of agar. Excessive heating gencrally lowers the pH of the
medium to a marked degree.

The time-temperature relationships essential for effective sterilization
will vary with the quantity of medium in each flask or tube being
processed. Toennies and Gallant 2 reported satisfactory sterilization
of media for bacterimetry studies by exposing separated tubes at 121° C.
(15 1b.) pressure for 2} minutes. This procedure is not recom-
mended for routine use in sterilization because the wide separation of
tubes so definitely limits the capacity of the autoclave. For media in
tubes packed loosely in baskets and for flasks containing not over 50 ml.
of liquid media, exposure at 118° C. (12 Ib.) for 10 minutes will insure
adequate sterilization. Agar should be dissolved in the medium before
sterilization, or, if solidified, the agar should be melted so that the
convection currents in the liquefied medium can distribute the heat
evenly throughout the flask. Flasks containing 100 ml. to 1,000 ml.
can be sterilized by exposure at 121° C. (15 Ib.) for 15 minutes, if
adequately preheated. Media in quantities greater than one liter must
be heated for longer periods depending upon the shape of the container,
the efficiency of the autoclave, and the volume of medium being
sterilized.

The foregoing discussion is applicable only to liquid, permanently
solid and reversibly liquid-solid media. Special additional precautions
must be followed to attain successful inspissation and sterilization of
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heat coagulable protein media. The autoclave must be equipped with
a valve on the exhaust line so that all ports on the autoclave can be
completely closed before the steam is turned on. The tubes of media
are slanted in racks or baskets not more than three deep. Before placing
the racks or baskets in the autoclave, they should be wrapped in cloth
or paper and covered with layers of paper to prevent toe rapid heat
exchange. With all of the ports closed, the steam is turned on and the
pressure raised to 15 lb. as rapidly as possible. After 10 minutes, the
entrapped air is gradually replaced with steam at a rate that maintains
the pressure in the autoclave constant. Timing of the period of
sterilization is started when the temperature on the drain line thermom-
eter reaches 120° C. After a 15 minute sterilization period, all ports
on the autoclave are closed so that the return to atmospheric pressure
will be slow and the heat loss gradual. This slow return to atmospheric
pressure is very important, and media should not be removed from the
autoclave, or the door of the autoclave opened until definitely cooled.
The same wrappings that prevented too rapid ingress of the heat during
the period of inspissation, tend to retain the heat during the cooling
process. The use of screw capped tubes and vials can be definitely
recommended for all media requiring inspissation as the increase of
the air pressure in the sealed tube assists in the maintenance of a
smooth surface.

IV. TABLE OF CULTURE MEDIA

1. Peptone Solution for Single Carbohydrates

2. Peptone Solution for Indole Production

3. Peptone Broth, Infusion-free and Buffered

4. Nutrient Extract Broth

4a. Nutrient Extract Agar

5. Broth, Mcat Infusion, Plain

5a. Agar, Mcat Infusion, Plain

6. Broth, Mcat Infusion, Double Strength

7. Broth, Liver Infusion

7a. Agar, Liver Infusion

8. Broth, Beef Infusion with Proteose for Streptococci
9. Broth, Beef Infusion with Dextrose and Indicator
10. Broth, 10 Per cent Meat Infusion

11. Broth, Sodium Azide-Crystal Violet Enrichment
12. Broth, Tryptose Phosphate
13. Broth, Tryptose Dextrose Vitamin B
13a. Agar, Tryptose Dextrose Vitamin B

13b. Agar, Tryptose Dextrose
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14. Ground Meat Medium for Anaerobes

15. Gelatin, Extract

16. Milk with Indicator

17. Agar, Staphylococcus Medium of Dolman, Wilson and Cockcroft
18. Agar, Russell's Double Sugar, modified

19. Agar, Kligler’s Iron, modified

20. Agar, Triple Sugar Iron

20a. Agar, Triple Sugar Iron, modified

21. Agar, Eosin-Mcthylene Blue, modified

22. Agar, Endo’s, Robinson and Rettger

23. Agar, Bismuth Sulfite, Wilson and Blair

24. Agar, Sodium Desoxycholate

24a. Agar, Sodium Desoxycholate Citrate

24b. Agar, Sodium Desoxycholate Citrate, modified

24c. Agar, Sodium Desoxycholate Citrate Lactose Sucrose
25. Agar, Bile Salts Citrate (Difco SS)

26. Agar, Bile Salts, MacConkey, modified

27. Broth, Bile Glycerol Peptone

28. Broth, Tetrathionate Enrichment, modified

29. Broth, Selenite F

30. Broth, Urea, Rustigian and Stuart

31. Agar, Urea, Christensen

32. Agar, Motility, modified

33. Agar, Blood, plain

33a. Agar, Chocolate Blood

33b. Agar, Serum

34. Agar, Blood, Bordet-Gengou, modified

35. Agar, Blood Glucose Cystine, Francis

36. Agar, Blood Cystine Tellurite

36a. Agar, Tellurite for Type Determination

37. Agar, in vitro Virulence Test

38. Agar, GC Base with Hemoglobin

39. Agar, McLeod’s with Plasma and Hemoglobin

40. Agar, Proteose No. 3 with Plasma and Hemoglobin
41. Agar, Gelatin Blood

42. Agar, Gelatin Egg Albumin

43. Agar, Sabouraud’s

44. Agar, Corn Meal

45. Agar, Crystal Violet Oxgall

46. Agar, Potato Dextrose for Fungi

47. Agar, Coccidioides Isolation

48. Agar, Histoplasma Isolation

49. Broth, Synthetic for Histoplasmin and Tuberculin
50. Egg Yolk, Potato Flour Medium, Trudeau Committee
51. Egg, Potato Flour and Mineral Salt Medium, Lowenstein-Jensen
52, Semi-synthetic Tuberculosis Medium, Dubos

53. Egg Yolk, Water Medium, Besredka, modified

54. Egg Media, solidified
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55. Blood Serum Mixture, Loeffler’s

56. Agar, Semi-fluid

§7. Inulin Serum Water, Hiss

58. Broth, Thioglycolate, modified

59. Broth, Endameba Culture

60. Broth, Todd-Hewitt, modified

61. Medium for Gonococci and Meningococci, Mueller’s
62. Agar, Serum Tellurite for Diphtheria

Y. PREPARATION AND FORMULAS
1. Peptone Solution for Single Carbokydrates

Pancreatic Digest of Casein, US.P. XIIT*.............. 10 gm.
Sodium chloride .........ccoiiiiiiiiiiiiiiie 5 gm.
Bromcresol purple (0.04% aqueous solution)f............ 10 ml
15 1,000 ml.

* Pancreatic Digest of Casein is specified because it is free of bacteriologically detectable
carbohydrate. It is supplied under various trade names by several manufacturers.
1 Any other suitable indicator can be substituted.

a. Dissolve the peptone and salt in the water. Add the indicator and
adjust to pH 7.4-7.5. '
b. Dispense in convenient amounts and sterilize in the autoclave.
c. Aseptically add a sterile aqueous solution of the desired carbohydrate
equivalent to 0.5-1.0 gm. of the dry carbohydrate to each 100 ml. of
medium.
d. Dispense at least 2 ml. amounts in small sterile tubes and incubate
at 37° C. for 24 hours as a sterility check.

or
b. Add 0.5-1.0 gm. of the desired carbohydrates per 100 ml. of medium.
c. Tube, pack loosely in baskets and sterilize at 118° C. (12 1b.) for
10 minutes.
d. Remove from the autoclave as soon as possible and incubate.

2. Peptone Solution for Indole Production

Pancreatic Digest of Casein, US.P. XIII*............... 10 gm.
Sodium chloride ..........ccoiiiiiiiiiiiiiii, 5 gm.
Waater ..ot i i it i ittt e e 1,000 ml.

* Satisfactory positive results for indole production by bacteriologic test is required by the
U.S.P. XIII specifications.

Dissolve the peptone and salt in the water and adjust to pH 7.2.
Tube in desired amounts, 3—5 ml., and sterilize in the autoclave at 121°
C. (151b.) for 15 minutes.
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3. Peptone Broth, Infusion-frce and Buffered >

Peplone ® ... e e 20 gm.
Sodium chloride ........... ... i, 5 gm.
Dipotassium phosphate KsHPOu. ...t 1 gm.
Monopotassium phosphate KH:POu.........oooovioiit, 1 gm.
DEXEIOSE & ovi ettt ittt ee ettt e 7.5 gm.
Tap water to make........oooviiiiiiiiiiiiiiiii 1 kg.

* Several peptones including Pancreatic Digest of Casein, Nutripeptone (Wilson), DProteose
Peptone (Difco), Thiotone (BBL) and Peptone M (Albimi) have been found satisfactory for
the growth of hemolytic streptococci in this medium.

a. Dissolve the salts ¥ and peptone in part of the water and make up
weight to 1 kg. Autoclave in bulk 40 minutes.

b. Add 7.5 gm. of dextrose and make up weight to 1 kg. Filter through
paper. Dispense as desired and autoclave 20 minutes.

4. Nutrient Extract Broth*

Beef extract ... 3 gm.
Peptone .....vviiiii i e e 10 gm.
Water i e 1,000 ml.

* Beef cxtract contains glycogen and other fermentable carbohydrate derived from muscle
which must be destroyed before using this medium as a carbohydrate base. Sevcral lots of yeast
extract have been checked with Escherichia coli as the test organism and found to be free of
fermentable carbohydrate. Referee’s note.

a. Dissolve ingredients in water and adjust to pH 7.0.

b. (Only if for carbohydrate base medium) Destroy fermentable carbo-
hydrate by inoculation with Escherichia coli or Escherichia freundii and
incubate at 37° C. for 6 hours. Kill organisms by heating in flowing
steam or boiling.

c. Filter to clear. Dispense as desired and autoclave at 121° C. (15
Ib.) for 20 minutes. For fermentation media proceed as for CM 1.

4a. Nutrient Extract Agar

Extract broth (CM 4)........ ..., 1,000 ml.
AGar 15-20 gm.

a. Dissolve the agar in the extract broth with heat. The temperature
must be raised to the boiling point to obtain satisfactory solution of
the agar.

2.3 gm. of the anhydrous dipotassium salt will provide an equal amount of phosphate ion
and can be substituted for 1.0 gm. of the monopotassium salt and 1.0 gm. of the dipotassium
salt. 1If this is done, less alkali is required to adjust the reaction to pH 7.8. The buffer
capacities are equivalent. The difference in buffer capacity when distilled water is substituted
for tap water will depend entirely on the buffer capacity of the tap water which will vary
widely. Any free Ca++ or Mg*+ ion in the tap water will precipitate some of the phosphate ion
and decrease the buffer capacity. The sterilization period is without effect on the buffer capacity,
but empirically, the long heat exposure should lower the level of the accessory growth factors so
essential to the proper nutrition of the streptococci. It is suggested that a shorter preliminary
heating period be tested. Referee’s note.
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b. Dispense in tubes or flasks as desired and sterilize in the autoclave
at 121° C. (15 1b.) for 15 minutes.

5. Meat Infusion Broth, Plain *

Lean beef muscle..........cooiiien i, 500 gm.
PepPlone . ....oonirniiti e " 20 gm.
Sodium chloride ............ ... . il 5 gm.
Water ..o e e 1,000 ml.

*In 1930, Levine and Schoenlein 20 tabulated 40 distinct procedures for the preparation of
infusion broths using meat of some type as a base. Kach of these procedures had been subject
to variation by various authors, apparently as ideas occurred to them. There is no exact rule
that can be followed for the preparation of an infusion, but the general lines given above can
serve as a guide. In the referee's laboratory, a broth of 2 per cent Pancreatic Digest of Casein,
0.5 per cent yeast extract and 0.5 per cent sodium chloride has been substituted for infusion
broths in the cultivation of many of the more fastidious organisms. 1In all cases tried, the
growth obtained has been as heavy or heavier than the growth obtained in the infusion media.
Limited use has been made of a broth composed of 1 per cent Pancreatic Digest of Casein,
1 per cent of the papaic digest of soy bean meal described by Brewer,” and 0.5 per cent yeast
extract.  This has proved to be a very excellent medium, but cannot be used for the determi-
nation of fermentation reactions bLecause fermentable carbohydrate is introduced in the papaic
digest.

a. Remove all fascia and fat from the muscle and grind in a food mill.
b. Infuse ground meat overnight in water at 4° to 6° C. in an enameled
or stainless steel container.

c. Heat to 45° C. and hold between 45° C. and 50° C. for 1 hour.

d. Boil for 5 hour and allow to cool without stirring. Skim off fat
and lift out the firm coagulum.

e. Pour off supernatant fluid into a flask and transfer meat to a meat
press to express all juices as completely as possible. Combine expressed
juice with the supernate already collected.

f. Filter through glass wool and make up to original volume.

g. Dissolve peptone component and salt and adjust to pH 7.4.

h. Boil for 20 minutes and pour into tall, glass cylinders until sus-
pended particles have settled.

i. Decant clear supernate and dispense as desired. Sterilize in the

autoclave at 121° C. (15 1b.) for 15 minutes.

5a. Meat Infusion Agar, Plain

Infusion broth (CM 5) ..., 1,000 ml.
ABar ... 15-20 gm. (as desired)

a. Dissolve the agar in the broth with heat and adjust the reaction to
pH 7.2-7.4.

b. Dispense as desired and autoclave at 121° C. (15 1b.) for 15
minutes.
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6. Meat Infusion Broth, Double Strength

" Proceed as for Meat Infusion Broth, Plain (CM 5), except that 1 kg.
of ground meat is infused with 1,000 ml. of water. Agar in the amount
of 15-20 gm. per liter can be added to make Meat Infusion Agar,
Double Strength.

7. Liver Infusion Broth?*

Liver infusion ..........ccoiiiiiiiiiiiiiiiiiii i 500 ml.
Peptone (Bacto) ........ccveviiiiiiiiiiiiiiiieriiainas 5 gm.
Sodium chloride ....... oo 5 gm.
R L Y 500 ml.

a. Prepare the liver infusion as in Meat Infusion Broth, Double
Strength (CM 6) except that fresh beef liver is substituted for the
ground meat. The infusion is not sterilized before incorporation of
the other ingredients.

b. Combine all ingredients and heat in flowing steam for 20 minutes.
Adjust to pH 7.2.

c. Heat in flowing steam 15 minutes and filter through a coarse paper.
d. Dispense as desired and autoclave at 121° C. (15 1b.) for 30
minutes.* The reaction after sterilization should be pH 6.6-6.8. Never
resterilize liver infusion broth.

7a. Liver Infusion Agar

Liver infusion ...l 500 ml.
Peptone (Bacto) ................ .. .ol 5 gm.
Sodium chloride .............. ... ...l 5 gm.
Washed agar .............coooiiiiiin 20 gm.
Water .. ..o 500 ml.

According to Huddleson ** more heat is required in the preparation
of Liver Infusion Agar than is necessary for solution of the agar.
a. Prepare the liver infusion as in Meat Infusion Broth, Double
Strength (CM 6) except that fresh beef liver is substituted for the
ground meat. The infusion is not sterilized before incorporation of
the other ingredients.
b. Combine all ingredients and heat in flowing steam for 1 hour. Cool
and adjust to pH 7.2.
c. Heat in flowing steam for }% hour.

* The heating and Sterilizing periods prescribed in the preparation of Liver Infusion Broth and
Liver Infusion Agar are greater than the periods required to achieve sterility, but essential for
the reduction of the reaction to the optimum for the growth of Brucells. Such prolonged heating
periods will result in partial destruction of essential metabolites. Referee’s note.
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d. Decant and dispense in sterile flasks or tubes as desired and auto-
clave at 121° C. (151b.) for 30 minutes.

8. Becef Infusion Broth with Proteose for Streptococci®

Beef .....oovii 450 gm.
Peptone (Difco Proteose) ...l 20 gm.
Sodium chloride ............. ... ..l 5 gm.
Dextrose ...oovviiiiiiiiii e 0.5-1.5 gm.
Water oottt it i e e e e 1,000 ml.

a. Infuse beef as for Meat Infusion Broth, Plain (CM 5).

b. Determine reducing sugar content. If the reducing sugar content
is equivalent to from 0.1 per cent to 0.15 per cent dextrose, use 0.5 gm.
dextrose per liter; if approximately 0.075 per cent use 1.0 gm.; and if
approximately 0.05 per cent or less, use 1.5 gm.

c. Add sodium chloride, peptone and required amount of dextrose and
dissolve. Adjust the reaction to pH 8.2.

d. Autoclave in bulk (20--40 kg. amounts) and make up weight to the
equivalent of 1,025 gm. for each 1,000 gm. of starting material.

e. Adjust reaction to pH 8.0 and boil 3—5 minutes.

f. Filter through paper, dispense as desired and autoclave at 115°-
118° C. (10-12 1b.) for 30 minutes.

9. Beef Infusion Broth with Dextrose and Indicator *

Meat infusion broth, plain (CM 3)..................... 1,000 ml.
DeXtrose ..ot e 10 gm.
Phenolred ....ooiiiiiiiii 0.018 gm.

Dissolve dextrose and phenol red in broth. Adjust the reaction to
pH 7.4-7.8. Dispense as desired and autoclave at 121° C. (15 Ib.)
for 15 minutes.

10. 109¢ Meat Infusion Broth =*

Beef or beef heart muscle................ ... ... 500 gm.
Peptone (Difco Proteose) ...l 20 gm.
Sodium chloride .......... .. ... S gm.
Dipotassium phosphate K:HPO.. ...l 1 gm.
Monopotassium phosphate KH:PO.................... ... 1 gm.
Dextrose .....cooiiiiiiiiiiiii i 1-2 gm.
Calcium chloride CaCls 10 per cent solution ............ 2 ml
Water to make......oovviiiiiiiiiiiiiiiiiiiiiiiiies 1 kg.

a. Infuse meat with 250 gm. of water as under CM 5 and determine
reducing sugar content of the meat juice. If reducing sugar content is
the equivalent of from 0.125 per cent to 0.15 per cent dextrose, add 1
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gm. of dextrose; if between 0.075 per cent and 0.1 per cent, add 1.5 gm.;
if less than 0.05 per cent, add 1.75 to 2.0 gm.

b. Dissolve peptone, salts, and the required amount of dextrose in
water, combine with the meat juices and make up weight to 1 kg.

c. Adjust the reaction to pH 8.0-8.2 and add the calcium chloride.*

d. Autoclave in bulk and make up to original weight.

e. Adjust the reaction to pH 7.8-8.0, boil 3 to 5 minutes and filter
through paper.

f. Dispense as desired and autoclave at 115°-118° C. (10-12 1b.)
for 30 minutes.

* As was noted in the remarks following CM 3, Peptone Broth, Infusion-free and Buffered,
adjusting the reaction to pH 8.0 will convert virtually all of the monopotassium salt to the
dibasic form. The addition of the calcium chloride solution will precipitate 39 per cent of the
added phosphate in the form of insoluble calcium phosphate. Calcium is also a good precipitant
for some members of the B-complex. Referee's note.

11. Sodium Azide-Crystal Violet Enrichment Broth>"

Infusion broth (CM 5).........ooiiiiiiiiiiie, 500 ml.
Rabbit red cells, washed, sterile......................... 10 ml.
Crystal violet, 0.01 per cent aqueous solution............ 1 ml
Sodium azide, 0.625 per cent aqueous solution.......... 5.2 ml

a. Sterilize the infusion broth and aseptically add the rabbit cells and
previously sterilized crystal violet and sodium azide solutions.

b. While agitating to keep the cells evenly suspended, aseptically dis-
pense in sterile tubes.

c. Store at 4°-6° C. The finished broth is not satisfactory after 7
days’ storage.

12. Tryptose Phosphate Broth

Tryptose ....oouiiii i e 20 gm
DexXtrose ......vviiiiiit 2 gm
Sodium chloride .............. ... ... 5 gm
Disodium phosphate K:HPOy........................... 2.5 gm
Agar L 1-2 gm
Water ... 1,000 ml

a. Dissolve all ingredients in the water. If the agar is used, the solu-
tion must be raised to the boiling point for satisfactory solution of the
agar.

b. Dispense in tubes or flasks as desired and autoclave at 121° C. for
15 minutes.
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13. Tryptose Dextrose Vitamin B Broth 20

TrYPLOSe ..ot e e 20 gm.
Dextrose .......coviiiiiii i 1 gm.
Sodium chloride ............. ... ..., 5 gm.
Thiamine hydrochloride ............................... S mg.
Water .. e 1,000 ml.

a. Dissolve all ingredients in the water. Adjust the reaction to pH 7.2.
b. Dispense in tubes or flasks as desired and autoclave at 121° C. (15
Ib.) for 15 minutes.

13a. Tryptose Dextrose Vitamin B Agar*®

Tryptose dextrose vitamin B broth (CM 13)............ 1,000 ml.
/2N 1 15 gm.

a. Dissolve the agar in the broth by heating to the boiling point. Adjust
the reaction to pH 7.2.

b. Dispense in tubes or flasks as desired and autoclave at 121° C. for
15 minutes.
13b. Tryptose Dextrosc Agar

Exactly as CM 13a, Tryptose Dextrose Vitamin B Agar, except that
the thiamine hydrochloride is omitted.

14. Ground Mcat Medium for Anacrobes

a. Prepare tubes with infusion, peptone or extract broth with 0.5 per
cent sodium chloride and 0.1 per cent dextrose. The reaction of the
medium before tubing should be pH 7.5.

b. Add enough ground lcan beef, beef heart, or veal to occupy half the
column of liquid.

c. Autoclave at 121° C. (15 1Ib.) for 15 minutes.

15. Extract Gclatin*7

Peptone ....... ... 5 gm.
Meat extract ........ ... e 3 gm.
Gelatin ... ... . 120 gm.
Water oot e 1,000 ml.

a. Soak the gelatin in the water for 15 minutes before heating. Dis-
solve peptone and meat extract in the water and gradually raise the
temperature to 65° C. to dissolve the gelatin. This procedure should
be carried out in a double boiler to avoid burning the gelatin.

b. Make up to original volume and adjust reaction to pH 7.0. If the
medium is not clear, heat to the boiling point and filter while very hot.
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c. Dispense in tubes as desired and autoclave. Prolonged heating must
be avoided or the power of the gelatin to solidify will be lost.

16. Milk with Indicator

a. Add 1 ml. of 1.6 per cent alcoholic solution of bromcresol purple to
1,000 ml. of skim milk. Litmus, if available, may be substituted. '

b. Dispense in tubes as desired and autoclave at 116° C. (11 1b.) for
10 minutes.

17. Staphylococcus Agar?®

Proteose peptone .......ovviiiiiiiiiii i 20 gm.
Sodium chloride ...............coiiiiiiiin, 5 gm.
Dipotassium phosphate K.:HPO«....oovovvviniiiiiie, 1 gm.
Monopotassium phosphate KH:PO4...........oooii.n, 1 gm.
Magnesium sulfate MgSO,.7 H:O............. ... . ... 0.2 gm.
Calcium chloride CaCla.......... ...t 0.1 gm.
AGar oo e s 3 gm
R T 1,000 ml.

a. Dissolve all ingredients in water with heat. The solution must be
raised to the boiling point in order to secure a complete solution and
uniform distribution of the agar.

b. Adjust the reaction to pH 7.4 and dispense as desired.

c. Autoclave at 121° C. (15 1b.) for 15 minutes.

18. Russell’s Double Sugar Agar,5" modified

Meat extract ..........oiiiiiiiii i 3 gm.
Pancreatic Digest of Cascin............................. 10 gm.
Lactose ....oovvvniiiniiii e 10 gm.
DeXtrose . ..oinini e 0.5 gm.
Phenol red, 0.25 per cent solution....................... 10 ml

ABAr Lot 12-20 gm.
Waater oottt e e e e 1,000 ml

a. Dissolve all ingredients in water with heat and adjust the reaction
to pH 7.4.

b. Dispense in tubes and autoclave at 121° C. (15 1b.) for 15 minutes.
c. Cool in a slanted position so that the agar will form a deep butt.

19. Kligler's Iron Agar?®
Essentially, Kligler included lead acetate in the double sugar medium
of Russell to detect the formation of H,S. This medium has been
modified to incorporate more sensitive indicators of H,S production
and acidity.
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Peptone components .............couiiiiiiiiriiiiaiaas 20 gm.
Lactose ...oontiniiiiii i e i, 10 gm.
DEXLIOSE v ovvrenennnnnnenerereeereseessesonsinnnnnnnns 1 gm.
Sodium chloride ...............coiiiiiiiiiiiiiie 5 gm.
N T P 15 gm.
Phenol red, 0.25 per cent aqueous solution.............. 10 ml
|17 P 1,000 ml.

Ferrous sulfate ..............cooiiiiiiiiiiiiiiiinn, 0.2 gm.
Sodium sulfite ...ttt 0.4 gm.
Sodium thiosulfate ...............oiiiiiiiiiiiia 0.08 gm.

or, modification No. 2 3!
Ferric ammonium citrate.............................. 0.5 gm.
Sodium thiosulfate ............... ... ... il 0.5 gm.
Prepared and used exactly as Russell’s Double Sugar Agar.

20. Triple Sugar Iron Agar
Hajna 3?2 modified the medium of Krumweide3? by including an
indicator of H,S production and substituting phenol red for litmus.

Peptone ...t i e e 20 gm.
Sodium chloride ............ ...l 5 gm.
Lactose ...covviineii i e 10 gm.
SUCTOSE ..ttt i e 10 gm.
DEXtrose ...ovviiteii i e 1 gm.
Ferrous ammonium sulfate......................0coo0, 0.2 gm.
Sodium thiosulfate ................ ... ool 0.2 gm.
Phenol red, 0.25 per cent aqueous solution.............. 10 ml.
Aar i e e e 17 gm.
Water ...ttt e i e 1,000 ml

Prepared and used exactly as Russell’s Double Sugar Agar.
20a. Triple Sugar Iron Agar, modified *°

Beef extract ........ciiiiiiiiiiiiiiiiiiiiiieaa 3 gm.
Yeast eXtract .....ccvveviieeeieirrerneneennnnnanannnns 3 gm.
Peptone ........o.iiiiiiiiiiiiii e 15 gm.
Proteose-peptone ............ciiiiiiiiiiiiiiiiiiie S gm.
DeEXtrose ...ttt i e i 1 gm.
LactoSe ...eenviniiiiniiiiiii ittt 10 gm.
SUCIOSE .. iiviiit i e 10 gm.
Ferrous sulfate ............oooiiiiiiiiiiiiiiiiiiiiiee, 0.2 gm.
Sodium thiosulfate .................iiiiiiiine, 0.3 gm.
Sodium chloride .........cvviviiiiiiiiiiiiiiiii e, 5 gm.
Phenol red, 0.25 per cent aqueous solution.............. 10 ml.
Agar . i e it e e 15 gm.
Water ..........co0vvnnnn N 1,000 ml.
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Prepared and used exactly as Russell’s Double Sugar Agar. Recom-
mended for cultivation of Brucella.

21. Eosin-Methvlene Blue Agar, modified

Several modifications of the original formula proposed by Holt-Harris
and Teague 3* have been developed. Levine® evaluated the influence
of variation of the ratio of eosin Y to methylene blue. He reported
that the optimum ratio was eosin 6: methylene blue 1 when based upon
actual dye content.

Peptone ...... ... 10 gm.
Dibasic potassium phosphate ............. ... .. ... 2 gm,
Lactose «..vvtnneennieni i 10 gm.
Eosin Y,* certified, 2 per cent aqueous solution......... 20 ml.
Methylene Blue* cert. 0.5 per cent aqueous solution. ... .. 13 ml.
Agar .. 15 gm.
W aler ittt e 1,000 ml.

* Certified dyes must be used if the volumes listed in this formula are to be followed. Any
variation in dye content must be checked by assay to be certain that the complex formed by
the eosin and methylene blue is correctly proportioned. The carbohydrate component of the
original Holt-Harris and Teague formula was 0.5 per cent lactose and 0.5 per cent sucrose. This
combination can be used if desired for the detection of intestinal pathogens, but should not be used
in water bacteriology.

a. Dissolve all ingredients in water with heat and adjust the reaction
to pH 7.2.

b. Dispense in flasks as desired and autoclave at 121° C. (15 1b.) for
15 minutes. For use, melt media and pour plates.

22. Endo’s Agar, Robinson and Rettger®

Extract agar (CM 4a) (agar content 2-2.5%¢).......... 1,000 ml.
Sodium carbonate, 10 per cent aqueous solution.......... 10 ml.
Lactose . ...une 10 gm.
Sodium bisulfite, 10 per cent w/v aqucous solution. ..... 10 ml.
Basic fuchsin (ca. 109%) sat. alc. solution................ 0.5-3 ml.*

* Fxact quantity of hasic fuchsin must be determined by standardization.

a. Melt agar and add sodium carbonate. The reaction should be be-
tween pH 7.6 and 8.0.

b. Steam or heat in boiling water for 10 minutes and add the lactose,
basic fuchsin and sodium bisulfite.

c. Dispense as desired and autoclave at 116° C. (11 1lb.) for 10 minutes.
Cool and pour, plates. Porous tops are desirable.

If the sodium bisulfite solution is not freshly prepared, it should be stored under a layer of
mineral oil to slow down the loss of the sulfur dioxide by diffusion. Prepared plates of Fndo's
medium should be stored in the dark and used within 4 days of preparation. Referee’s note.
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23. Bismuth Sulfite Agar, Wilson and Blair 37 %5

Agar Base
Peptone ... ... 10 gm.
Meat extract ..... ... ..o 5 gm.
AZar e 20 gm
Water ..o 1.000 ml

a. Dissolve all ingredients in water with heat and adjust reaction to
pH 7.2

b. Dispense in flasks in 100 ml. quantities or other desired volumes
and autoclave at 121° C. (15 1b.) for 15 minutes.

Bismuth Sulfite Solution

Bismuth ammonium citrate, scales USP. IX ............ 6 gm.
Sodium sulfite, anhydrous...................... ... ... 10-20 gm.*
Dextrose ...t 10 gm.
Disodium phosphate, anhydrous........................ 10 gm

* The weight of sodium sulfite may be varied within limits as a means of standardizing other
ingredients in the medium,
a. Dissolve the bismuth ammonium citrate in 50 ml. of boiling water,
the dextrose in 50 ml. of boiling water and the sodium sulfite in 100 ml.
of boiling water. (Caution—-Sulfur dioxide is evolved rapidly from
hot solutions.)
b. Mix the bismuth ammonium citrate solution and the sodium sulfite
solution; boil, and while boiling, add the disodium phosphate.
c. Cool and add the dextrose solution. Restore to 200 ml.
d. Store at room temperature in a well stoppered Pyrex flask in the
dark.

Iron Citrate-Brilliant Green Solution

Ferric citrate ......... ..o, e 1 ¢gm.
Brilliant green, 1 per cent aqueous solution.............. 12.5 ml
Water oo e 100 ml.

Dissolve the ferric citrate in water and add the brilliant green solu-
tion. Store in a well stoppered Pyrex bottle at room temperature in the
dark.

Complete medium

Agar base ...l 1.000 ml.
Bismuth sulfite solution........... ... .. ..ol 200 ml.
Iron citrate-brilliant green solution...................... 45 ml
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a. Melt the agar base and add the bismuth sulfite and the iron citrate-
brilliant green solutions with thorough mixing.

b. Pour in porous top plates at least }4 inch deep and use within 4 days
of preparation. Store in a refrigerator.

24, Sodium Desoxycholate Agar3® modified 8!
Peptone

............................................. 10 gm.
Lactose ...ooiiniii s 10 gm.
Dipotassium phosphate ...l 2 gm,
Ferric citrate ........oviiiiiiiiiiiiiii i 1 gm.
Sodium citrate ......... .o il 1 gm.
Sodium desoxycholate .............oco i 1 gm.
Sodium chloride ............coiiiiiiiiii 5 gm.
AGAT i e 16 gm.
Neutral red, 1 per cent solution......................... 3 ml
BT ) R 1,000 ml.

a. Dissolve all soluble ingredients in water and add agar. Allow to
soak at least 10 minutes to wet agar thoroughly.

b. Heat gently with constant agitation and boil for 1 minute to dis-
solve agar. Do not overheat, as excessive heating increases the inhibi-
tory effect. Adjust reaction to pH 7.2.

c. Pour in porous top plates or dispense in tubes in 20 ml. volumes for
later preparation of plates. Larger volumes should not be used, or there
will be too much exposure to heat in melting the agar.

24a. Sodium Desoxycholate Citrate Agar?® modified 3!

Meat infusion (horse, beef, pork)...................... 1,000 ml.
Peptone . ...t 10 gm.
Lactose ....oooviniiiiiiiiiiii i 10 gm.
Sodium citrate .......... ... .o 20 gm.
Ferric citrate ........... ..ot 1 gm.
Sodium desoxycholate .........ccciviiiiiiiiiiii 5 gm.
Afar e 17 gm.
Neutral red, 1 per cent solution.......................... 2 ml

Prepare and use exactly as Sodium Desoxycholate Agar, CM 24.

Brodie 3 recently investigated the mechanism of inhibition of bile
salt media and found that sodium taurocholate could be substituted
for sodium desoxycholate if the latter is not available. He demon-
strated that the inhibitory effect is the result of the combined action
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of the electrolytes and the bile salt. Any variation in the bile salt
concentration or the bile salt itself must be controlled by variation of
the electrolyte concentration. The exact ratio can only be determined

by titration.

24b. Sodium Desoxycholate Citrate Lactose Agar, modified 8!
Meat extract

......................................... 3 gm.
PePLONe ....evvinininniiiiiiriiineiia e, 7 gm.
Lactose ...ovviniiiiii i e 10 gm.
Sodium desoxycholate ............. ...l 2.5 gm.
Sodium thiosulfate ...l 5 gm.
Sodium citrate ..ol 10.5 gm.
V-1 15 gm.
Neutral red, 1 per cent solution......................... 3 ml
Water ..o e e 1,000 ml

Prepare and use exactly as Sodium Desoxycholate Agar, CM 24.

24c. Sodium Desoxycholate Citrate Lactose Sucrose Agar !

Meat extract

......................................... 3 gm.
Peptone ...........ccoiiiiiiiiii i gm.
LaCtose . ..vviuutiiit ittt 5 gm.
SUCIOSE .« .vvvvtit it 5 gm.
Sodium desoxycholate ............coiiiiiiiii, 2.5 gm.
Sodium thiosulfate ............... ... ..ol S gm.
Sodium citrate ........ciiiiiiiiii e 10.5 gm.
Neutral red, 1 per cent solution........................ 3 ml
AAr o e 15 gm.
Water ... 1,000 ml.

Prepare and use exactly as Sodium Desoxycholate Agar, CM 24.

25. Bile Salts Citrate Agar (Difco SS)3% %0

Agar Base

Beef extract

....................................... 5 gm
Proteose peptone ...l S gm.
Bilesalts No. 3.t 8.5 gm.
Agar ..o e 13.5-17 gm.
Water ..ot e e 1,000 ml.

a. Dissolve the agar in 500 ml. of the water with heat.

b. Dissolve the other ingredients in the balance of the water, combine,

and restore to original volume.

c. Dispense as desired and autoclave at 121° C. (15 Ib.) for 15 minutes.
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Complete medium

Agarbase .. ...t e 1,000 ml.
Lactose ....ovveiiiiiiiieiiii i 10 gm.
Sodium citrate NasCsHiO--2H.0. .......ovvviniiinnnnne, 8.5 gm.
Sodium thiosulfate Na.S:0s-5H:0..............covint 8.5 gm.
Ferric citrate pearls, US.P., 10 per cent solution......... 10 ml.
Neutral red, 1 per cent solution........................ 2.5 ml
Brilliant green, cert., 0.1 per cent solution............... 0.33 ml

a. Melt the agar base and add all the ingredients except the dye solu-
tions.
b. Adjust the reaction to pH 7.0 and add the neutral red and brilliant

green.
c. Mix thoroughly and pour deep plates. Do Not AUTOCLAVE.

26. Bile Salts Agar, MacConkey, modified *" **

Peptone ............iiiiiiii i 20 gm.
Lactose ...t e 10 gm.
Bile salts No. 3..... ... oo 1.5 gm.
Sodium chloride ............ ... .. i, 5 gm.
Aar 13.5-15 gm.
Neutral red, 1 per cent solution....................... 3 ml.
Crystal violet, 0.1 per cent solution................... 1 ml
Water ... 1.000 ml.

a. Add all dry ingredients to water and dissolve with heat.

b. Adjust the reaction to pH 7.2 and add dye solutions.

c. Dispense in flasks or tubes as desired and autoclave at 121° C. (15
lb.) for 15 minutes. Pour in deep plates and allow surface to dry.

27. Bile Glycerol Peptone Broth

Ox bile, dehydrated................ ... ... il 100 gm.
Glycerol ................... JR P 80 ml.
Peptone ............ il 20 gm.
Watertomake......... ... it 1,000 ml.

a. Dissolve the bile in a small amount of water by rubbing into a paste.
Dissolve the peptone in a small amount of water by rubbing to a
paste. It is advantageous to combine the dry peptone and the dry bile
powder and thoroughly mix before adding the water. Gradually add
water to a volume of approximately 500 ml.

b. Add the glycerol and mix thoroughly. Make up volume to 1,000 ml.
with more water.

c. Dispense 8-ml. to 15 ml. quantities in wide mouth jars and autoclave
at 121°C. (15 1b.) for 15 minutes.
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28. Tetrathionate Enrichment Broth*® modified ®°

Peptone (Proteose No. 3) ..........ccoiiiiiiiiniennnn, 5 gm.
Bile salts (Bacto No. 3) .........cooviiiiiiiiiinnnn., 1 gm.
Calcium carbonate Ca COs .............coovviinnnnnn. 10 gm.
Sodium thiosulfate, Na,S:0:-5H:O ..................... 30 gm.
Brilliant green, cert. 0.1 per cent aqueous sol. ............ 11 ml
Iodine, 25% aqueous solution .....................o.al. 25 ml
Water ... e e 1,000 ml.

a. Dissolve the peptone and bile salts in the water and dispense 500 ml.
amounts in liter flasks. Add 5 gm. calcium carbonate to each flask and
sterilize.

b. As required, add the sodium thiosulfate and brilliant green solution
and dispense aseptically in jars or tubes, exactly 12 ml. per container.
It is essential to maintain a uniform suspension of the calcium carbonate
while dispensing.

c. Immediately prior to inoculation, add 0.3 ml. of the iodine solution
to each 12 ml. tube.

Aqueous iodine solution, 25 per cent

fodine, resublimed ......... .. ... ool 25 gm.
Potassium ijodide KI ........ ... .. ... ... .. ... 20 gm.
Water, tomake ...t i i 100 ml.

Dissolve the potassium iodide and iodine in part of the water and make
up to volume.

29. Selenite F Broth 44

Peptone ..o 5 gm.
Lactose ......coueiii i 4 gm.
Sodium phosphates, anhydrous *.....00 ... oL 10 gm.
Sodium acid selenite. ... L o 4 gm.
Water ..o e 1,000 ml.

* The ratio of monosodium phosphate to disodium phosphate must be determined with each
lot of sodium acid selenite. The total phosphate concentration is 1 per cent, adjusted so that the
solution containing the sodium acid sclenite is buffered at pH 7.0.

a. Dissolve the dry ingredients in the water with gentle heat.
b. Dispense in tubes and sterilize by exposure to flowing steam for not
over 30 minutes. Do NoOT AUTOCLAVE. *

Alternatively, a proportionate amount of the dry ingredients can be
added to a sewage effluent, water sample, or other large specimen and
dissolved without heat for the enrichment of suspected enteric pathogens.
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30. Urea Broth, Rustigian and Stuart 8

L0 T 20 gm.
Monopotassium phosphate .............ccoovviiiiiieans 9.1 gm.
Dipotassium phosphate ..............coooiviiiiiii, 9.5 gm.
Yeast extract .......ciceiiiiiiiiiiiiiiiiiiiiiiiiea, 0.1 gm.
Phenol red, 0.25 per cent solution...................... 4 ml
Water ...ooviiiiiiiiiiiieiiiiii i Ceeire e 1,000 ml.

a. Dissolve dry ingredients in the water and add the phenol red solu-
tion. Do Nor Hear.

b. Sterilize by filtration, preferably through a glass or porcelain filter,
and tube aseptically in at least 2 ml. amounts.

31. Urea Agar, Christensen™®

L 20 gm.
DEXtroSe «ovvvviiiiiiiieniniiirrereseeraraneaiiannneas 1 gm.
Peptone .....oiviviiiniiniiiiiiiiiiiiiiiiiiiiiiiiea 1 gm.
Sodium chloride ............cooiiiiiiiiiiiiii 5 gm.
Monopotassium phosphate ..................ooiill 2 gm.
Phenol red, 0.25 per cent solution....................... 5 mlL
Water ..ottt e e it e s 1,000 ml.
AGAr o e 17-20 gm

a. Dissolve all ingredients except agar in 100 ml. of water and sterilize
by filtration. Do Not HEAT.

b. Dissolve the agar in 900 ml. of water with heat and autoclave at
121° C. (15 1b.) for 15 minutes.

¢. Cool agar to 50° C. and add the filter-sterilized solution of chemicals.
Mix thoroughly. Tube aseptically in tubes and slant so that a deep
butt results.

32. Motility Agar,*® modified

Pancreatic Digest of Casein............................ 10 gm.
Meat extract .........cooiviniiiiiiiiiiii i 3 gm.
Gelatin® ... ... . e 80 gm.
Agar 3 gm
Water ..ot i e e e 1,000 ml

* For detection of motility at 22° C., reduce the gelatin concentration to 4 per cent.

a. Dissolve the dry ingredients in the water with gentle heat. The
temperature must be raised 'to the boiling point to insure adequate
solution and even distribution of the agar.

b. Adjust the reaction to pH 7.0 and dispense in tubes or flasks as
desired.
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c. Autoclave at 121° C. (15 lb.) for 15 minutes. In any subsequent
reheating, particular care must be taken to see that the agar is liquefied.

The medium becomes liquid at about 50° C., but the agar will not melt
under 95° C.

33. Blood Agar, Plain

Agar base ......o.iiiiiiiii e 100 ml.
Defibrinated blood ............... . ... . i, S ml.

a. Melt previously sterilized agar base and cool to 45° C. and add §
per cent of sterile, defibrinated horse, rabbit or sheep blood.

b. Dispense in tubes or plates as desired and incubate to check sterility.
Bubbles on the surface of the medium can be destroyed by flaming the
surface with a Bunsen burner.

Any agar desired can be used in the preparation of blood agar, pro-
vided that the base is isotonic with red cells. The agar concentration
should be carefully adjusted so that the surface of the plates and
tubes will be of the desired softness. The medium should not contain
any compound that has a tendency to increase the fragility of the red
cells and the red cells, if old, should be checked for hypersusceptibility
to lysis. All plates used for the detection of hemolytic activity should
be checked for adequacy by the inoculation of cultures of established
hemolytic power.

Blood for use in the preparation of blood agar can be derived from
virtually any source, although there are known differences in the hemo-
lytic response of the cells of different mammals to the hemolysins of
different bacteria. Brown ** pointed out the necessity of a standard-
ized technic when the agar is to be used in a critical study of the type
of hemolysis produced by streptococci. He advocated the use of horse
blood and the observation of deep (subsurface) colonies in double
poured plates. For routine recognition of hemolytic strains in primary
mixed cultures, surface inoculation is usually satisfactory.

Blood should be defibrinated by the addition of sodium citrate, 5 mg.
per ml., the addition of heparin, 0.2 mg. per ml. or by shaking with
beads which will collect the fibrin as it is formed. Blood defibrinated
with potassium oxalate or sodium fluoride should not be used for the
preparation of blood plates because the essential concentration of the
anticoagulant may be bacteriostatic for certain genera of bacteria. The
concentration of potassium oxalate directly increases the fragility of
the red cell by strong shift of the electolyte balance.
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33a. Chocolate Blood Agar

Agar base ....vinitiiiiiiiii i i e 100 ml.

Defibrinated blood .........cooiviiiiiiiiiiiiiiiiii S ml
a. Melt previously sterilized agar base. Meat infusion agar (CM 5a)
is recommended for N. Meningitidis. Cool to 60° C.
b. Add the sterile, defibrinated blood and hold at 60° C. for 15 minutes
or until the blood turns chocolate brown. Do not overheat or the blood
will coagulate.
c. Dispense in tubes or plates as desired and incubate to check sterility.

33b. Serum Agar

Agarbase .. ..ot 100 ml.
Sterile SErUM .. .vueunireniiie et i iiaeiianaenen.s S ml
Dextrose, 20% sterile solution ....................... ... 5 ml.

a. Melt the agar base (pH 7.4) and cool to 45° C. Infusion agar
(CM 5a) is recommended for meningococci.

b. Add the serum and dextrose solution and dispense aseptically in
tubes or plates as desired. Incubate to check sterility.

34. Blood Agar, Bordet-Gengou, modified ¢

Potato infusion

Peeled, sliced potatoes................... ... ... 500 gm.
Glycerol ... 40 ml.
Water ... 1,000 ml.

a. Boil the potatoes in the solution of glycerol and water until very
soft. Strain through several layers of gauze and restore volume.

b. Pour infusion into tall cylinders and allow to stand until a clear
supernate can be filtered off. If not used immediately, the infusion
should be sterilized.

Base agar
Potato infusion .............coooiiiii i, 500 ml
Sodium chloride ............ ... .. ...l 11.25 gm
Aar e 50 gm
Water ... s 1,500 ml

For vaccine production supplement with 1 per cent of a peptone
which cultural tests have shown will support the growth of Hemophilus
pertussis.

a. Dissolve salt and thoroughly wet the agar with a portion of the
water. - Add the balance of the water and dissolve the agar with heat.
b. Add the potato infusion and dispense as desired. No adjustment
of the reaction is necessary.

¢. Autoclave at 121° C. (15 Ib.) for 15 minutes.
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Finished medium

Basc agar ......iiiiiiiiiiiii it 100 ml.
Defibrinated blood ............ccoiiiiiiiiiiiiiiin., 20 ml.

a. Melt the base agar and for each 100 ml. add 20 ml. of blood
after the base agar has been cooled to 45° C. The blood may be
rabbit, sheep, human, or horse less than 72 hours old. Horse blood
should not be used in media for vaccine production.

b. Dispense the medium in plates or tubes aseptically and incubate to
check sterility. Each lot of medium should be checked for growth
promoting properties, colony appearance and characteristic hemolytic
zone with a control culture of H. pertussis. Satisfactory plates should
have a moist surface and be cherry red in color.

35. Blood Glucose Cystine Agar, Francis 47

Veal infusion, double strength, CM 6.................. 1,000 ml.
Rabbit or horse blood.............. ... ... ... ... 80 ml.
Pancreatic digest of cascin, USP. XITT.......... . ..., 10 gm.
Dextrose ... e 10 gm.
Sodium chloride ....... ... 5 gm.
Cystine or cystine hydrochloride............ ... o00.. 1 gm.
0 20 gm.

a. Dissolve the peptone, sodium chloride and agar in 900 ml. of the
veal infusion with heat. Dissolve the cystine or cystine-HCL in a small
amount of 0.1 molar sodium hydroxide and add to the base mixture.
b. Dissolve the dextrose in 100 ml. of the veal infusion and sterilize by
filtration.

c. Adjust the reaction of the base agar to pH 7.6-7.8 and autoclave at
121° C. (15 1b.) for 20 minutes. Cool to 60° C. and add the blood
and dextrose solution.

d. Maintain the complete medium at 60° C. in a water bath for 3 hours
with frequent mixing to insure full solution of the cystine.

e. Dispense in tubes and plates as desired and incubate to check
sterility.

36. Blood Cystine Tellurite Agar 48

Heart infusion agar CM Sa ............ooiiiiiinan... 1,000 ml.
Sterile blood ... ... e 50 ml.
Potassium tellurite, 0.3 per cent aqueous solution *....... 150 ml.
Dry cystinet ... i 35-50 mg.

* Certificd material is available from A. H. Thomas.
t The dry cystine need not be sterilized. The exact weight must be determined for each lot
by cultural assay with several stock strains of Coryncbacterium diphtheriae.
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a. Melt the previously sterilized beef heart infusion agar and cool to
50° C. Add the blood, sterile potassium tellurite solution and the dry
cystine.

b. Mix thoroughly and dispense in pour plates, approximately 15 ml.
of the medium in each standard Petri dish.

36a. Tellurite Agar for Type Detcrmination ®®

Meat infusion agar CM 52 .........ooenienieniinnennnns 1,000 ml
Sterile, defibrinated blood ...............ccooiiiiiiinin 50 ml.
Potassium tellurite, 0.3 per cent aqueous solution ......... 150 ml.

a. Melt agar and cool to 90° C.
b. Add sterile blood and hold at 90° C. for 10 minutes.
c. Cool to 42° €. and add potassium tellurite solution. Mix well and

pour plates, about 12 ml. per plate.

37. In vitro Virulence Test Agar®*

Proteose peptone (Difco) ... 200 gm
Maltose (C. P.) ..ot 30 gm.
Lactic acid (C. P.) ....ovvviieiii i 0.7 ml.
Agar, granulated ......... ... 15.0 gm.
Sodium chloride (C. P.) .............coooiviiniiii... 5.0 gm.
Distilled water ............ooi it 1.000 ml.

Dissolve in boiling water. Adjust to pH 7.8. Dispense in measured
amounts (10 ml.) and autoclave at 121° C. (15 1b.) for 15 minutes.
For use. melt the agar, cool to 45° C. and add 2 ml. of rabbit serum *
to 10 ml. of agar. Pour into plates and place the strip of sterile filter
paper saturated with antitoxin diluted to 500 units per ml. Allow to
harden and then to dry 3 or 4 hours in the 37° C. incubator.

38. GC Base Agar with Hemoglobin *" 5t

Base Agar
Proteose peptone No.3............ ... ... .. 15 gm.
Sodium chloride .......... ... ... . S gm.
Dipotassium phosphate ....................... ... ... .. 4 gm.
Monopotassium phosphate ....................... . . ... I gm.
Cornstarch ....................ooi i 1 gm.
AGAr o 10 gm
Water .............. . 500 ml

* This must be prepared according to special precautions. Sce reference.
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a. Suspend the dry ingredients in the cold water and heat gently to tl
boiling point to dissolve the agar.

b. Dispense 100 ml. amounts in 250 ml. flasks and autoclave at 121° (
(15 Ib.) for 15 minutes.

Hemoglobin solution

Hemoglobin, Bacto ............ccooiiiiiiiiiiiiiia.... 10 gm.
Waater oottt e i e 500 ml.

a. Dissolve the hemoglobin completely in cool water with frequen
agitation and stirring. This may take 15-20 minutes.

b. After solution of the hemoglobin is accomplished, dispense in 100 m:
amounts. Autoclave at 121° C. (15 Ib.) for 15 minutes.

Finished Mcdium

Bascagar ... 100 ml
Hemoglobin solution ................. .. .ol 100 ml.
Supplement A or Supplement B, Bacto.................. 2 ml

a. Melt agar base and cool to 50°-60° C. Warm hemoglobin solutior
to the same temperature.

b. Mix agar base and hemoglobin solution and add the supplement
Mix thoroughly and pour plates.

This medium when completed has an agar concentration of only 1
per cent. This will require extreme care in handling and inoculating
the plates, because the surface will be very moist and soft. Supple-
ment A is a fortified veast concentrate prepared to conserve both
thermolabile and thermostable accessory growth factors, to which has
been added crystal violet 1:6,000. Supplement B is the fortified con-
centrate without the crystal violet.

39. McLeod’s Agar with Plasma and Hemoglobin 1% 3¢ 8¢
Base Agar

Fresh, ground beef heart muscle........................ 600 gm.
Proteose peptone No. 3.........oooviiiiiiiiiinia., 10 gm.
Disodium phosphate ............ ... .o, 2 gm.
AAL oot 20 gm.
LY (- U 1,000 ml

a. Add peptone, ground heart muscle, and disodium phosphate to the
water and bring to a boil. The infusion mixture should be stirred
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constantly to prevent burning, unless heating is done in a double
boiler.

b. Cool to 60° C. and continue the extraction at that temperature for
45 minutes, stirring the mixture frequently.

c. Place the mixture in flowing steam so that the temperature of the
medium will be between 80° and 90° C. Continue the extraction for
30 minutes.

d. Cool to 45° C. and filter through two layers of cheese cloth, ex-
pressing all the liquid. Then filter through filter paper to clear.

e. Restore to original volume, dissolve agar with heat, and adjust the
reaction to pH 7.4.

f. Dispense suitable volumes in sterile flasks and autoclave at 121° C.
(15 Ib.) for 10 minutes.

Enrichment solution

Sterile horse plasma............... ... 300 ml.
Hemoglobin solution ....... . ... ..o il 500 ml.
(25 ml. of settled horse red cells plus 475 ml. w stu)

Dextrose, 20 per cent sterile, aqueous solation......... .. 10 ml.
Nile blue A, 0.04 per cent aqueous solution.............. 24 ml
Disodium phosphate, 15 per cent aqueous solution....... 100 ml.

All the sterile ingredients are combined aseptically and the mixture
then stored in the refrigerator until needed. Do not store for more
than 8 weeks.

Final medium

Melt agar base and cool to 60° C. For each 100 ml. of the melted
agar base, add 31.1 ml of the stock enrichment solution. Mix
thoroughly and pour plates.

40. Proteose No. 3 Agar with Plasma and Hemoglobin ¥

Base Agar
Protcose peptone No. 3. . ... ..ol 20 gm.
Sodium chloride ......... ... ..o 5 gm.
Aar e e 20 gm.
Water ..o 1,000 ml.

a. Suspend dry ingredients in water and dissolve the agar with heat.
No adjustment of the reaction is necessary.

b. Dispense in flasks in suitable amounts and autoclave at 121° C.
(15 1b.) for 20 minutes.
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Enrichment mixture

Horse plasma ......... ..., 260 ml.
Horse hemoglobin, 0.5 per cent solution................ 430 ml.
(5 ml settled horse red cells plus 1,000 ml. of water)

Disodium phosphate, 15 per cent aqueous solution. ....... 50 ml.
Dextrose, 20 per cent solution.......................... 10 ml.
Nile blue A, 0.04 per cent solution...................... 9 ml.

Mix all ingredients aseptically and store in the refrigerator. The
15 per cent disodium phosphate (Na,HPO,-12H.,0) can be conveni-
ently sterilized by autoclaving at 121° C. (15 lb.) for 15 minutes;
50 ml. in 4 oz. bottles. The Nile blue A solution can also be heat
sterilized, while the dextrose solution should be sterilized by Seitz
filtration.

Final medium

Melt the agar base and cool to 60° C. For each 100 ml. of the agar
base, add 50 ml. of the enrichment mixture. Mix thoroughly with a
swirling motion to prevent bubble formation and pour plates.

41. Gelatin Blood Agar®

Proteose Peptone, No. 3 ... ..ol 20 gm.
Sodium chloride ........ ... .. i 5 gm.
Disodium phosphate ... . 5 gm.
DEXtrose ..o 0.5 gm.
Gelatin ..o 40 gm.
Blood, sterile, defibrinated. ..o 250 ml.
Nile blue A, 06.04 per cent sterile aqueous solution. ... 7.3 ml
Adar ... TR 20 gm.
Water. to make. ..o oo 1,000 gm.

a. Suspend the gelatin, salts, peptone, and dextrose in half the water
and soak for 20 minutes so that the gelatin will be thoroughly wetted.
Dissolve with gentle heat to avoid burning the gelatin.

b. Suspend the agar in the balance of the water and dissolve in the
autoclave.

c. Combine the two solutions, make up weight to 1 kg. and adjust the
reaction to pH 7.4-7.6.

d. Dispense in flasks in definite volumes and autoclave at 121° C.
(15 1Ib.) for 15 minutes. Store flasks not to be used immediately.

Final medium
a. Melt the agar base and for each 1,000 ml. add 250 ml. of blood and
7.5 ml. of the Nile blue A solution. The agar base should be at a
temperature of 85°-90° C. when the additions are made.
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b. Dispense rapidly as the mixture is thick and hardens quickly. Six
ml. volumes of the medium can be dispensed either in 16 x 133 mm.
culture tubes stoppered with paraffined corks or in suitable screw cap
vials with a phenol-formalin free plastic cap.

42. Gelatin Egg Albumin Agar®®

Glycerol ......oooviiiiiiiiii i 4 ml
Egg albumin, fresh............ ... .. .ol 15 ml.
OX SErUM ¥ ... ...ttt et 3 ml.
Gelatin ... ... 10 gm.
Agar e 0.4 gm
W aer oottt e e e e 100 ml

* 0.25 ml. of Supplement A or B, Difco may be used instead of the ox serum.

a. Soak agar and gelatin in cold water for 20 minutes. Dissolve with
heat, taking care not to burn the gelatin. Add the glycerol with
thorough mixing.

b. Adjust the reaction to pH 6.5 with 1 per cent potassium dihydrogen
phosphate (app. 30 ml.) and autoclave at 121° C. (15 lb.) for 12
minutes.

c. Cool in a water bath adjusted to 45° C. and add the supplements.
The temperature must not exceed 45° C. after supplements have been
added.

Preparation of the Serum

Serum collected as aseptically as possible is sterilized by Seitz filtra-
tion. The filter must be preliminarily corrected by filtration of 50 ml.
of 1 per cent solution potassium dihydrogen phosphate. After filtra-
tion, the serum is transferred to sterile serum bottles and inactivated
on two successive days at 56° for 30 minutes and then stored at 4° C.
until used.

Preparation of the Egg Albumin

Fresh eggs are scrubbed with “ Emulsept ” and soaked for 1 hour in
a solution of “ Roccal.” Other wetting and disinfecting agents may be
used if satisfactory disinfection of the shell can be demonstrated. No
egg should be used from which bubbles have arisen during the soaking
period as the disinfectant may have penetrated the shell and shell
membranes. After disinfection of the egg is completed, the larger
(butt) end of the egg is opened aseptically and the albumin removed
with a pipette or syringe and transferred to sterile bottles. Care must
be taken to avoid rupture of the egg yolk sac, as any admixture of
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yolk makes the albumin unsuitable for use. The egg albumin must be
used fresh as it deteriorates rapidly under storage.

Final medium

After addition of the supplements, 3 ml. of the finished medium is
rapidly dispensed in vials * closed with a phenol-formalin free plastic
screw cap which has a well to hold a cotton swab applicator. The
applicator should be long enough to reach the bottom of the vial and,
in use, it is virtually embedded in the medium. The vials are filled
with COs., tightly closed to prevent loss of the added CO. by diffusion
and stored at room temperature for use within 8 days of preparation.
The vials must be kept upright at time of use to prevent excessive
loss of the: COs..

43, Sabouraud’s Agar

Peptone ... 10 gm.
Dextrose or maltose .......ooiii i il i 40 ¢m.
L PP 18 gm
Water ..o e 1.000 ml

a. Suspend dry ingredients in the water and dissolve the agar by
gradually raising the temperature to the boiling point. No adjustment
of the reaction is necessary.

b. Dispense in tubes or flasks as desired and autoclave at 121° C.
(15 1b.) for 15 minutes.

c. For isolation of Coccidioides immitis,** add cupric sulfate to 0.05
per cent concentration before pouring plates.

44, Corn Mecal Agar®t

Commeal ... ... 40 gm
ABAT 20 gm
Water ..o 10C0 ml

a. Suspend the corn meal in water and simmer for 1 hour. While still
hot filter through a gauze and cotton pad just thick enough to retain
the corn meal.

b. Restore to original volume, add agar and dissolve with heat. No
adjustment of the reaction is necessary.

c. Dispense in tubes or flasks as desired and autoclave at 121° C.
(15 1b.) for 15 minutes.

* Glasco No. 7350
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Some lots of Corn' Meal Agar, Bacto will not stimulate chlamydospore
formation of Candida albicans®* All lots of medium prepared should
be checked for this property, as that is its primary use.

45. Crystal Violet Oxgall Agar

Peptone ....oiiiiiiiiiiii i e 10 gm.
DEXtIOSe «onininiiiiiiii i i e e 10 gm.
Oxgall, dehydrated * ............ ... ... .. ..ol 15 gm.
Crystal violet, 1 per cent solution....................... 1 ml
Streptomycin ...l e 30,000 units
Agar ... s 20 gm,
R 1L 1,000 ml

* Unless the dehydrated complete medium is used, considerable difficulty may be encountered in

preparing a clear medium, free from surface film. Studies are now under way to determine the
concentration of individual purified bile acids necessary to obtain the inhibition produced by the
dehydrated bile. When this information is available, media of high uniformity can be prepared.®
a. Suspend the dry ingredients in the water and dissolve with heat.
Add the crystal violet solution.
b. Dispense in flasks in definite quantities and autoclave at 121° C.
(15 1b.) for 15 minutes. No adjustment of the reaction is necessary.
c. For use, melt the agar base and when cooled to 45° C. add 30 units
of streptomycin per ml. of medium and pour plates.

46. Potato Dextrose Agar for Fungi®™®

Sliced potatoes ...........oiiiiiiiiiiii i 300 gm.
DeXtrose .....oooun i 10 gm.
AT 153 ¢m
Water ... 1.000 ml.

a. Boil the potatoes in water for 15 minutes, filter through cotton and
make up volume to 1,000 ml.

b. Add dry ingredients and dissolve agar with heat. No adjustment
of the reaction is necessary.

¢. Dispense in tubes or flasks as desired and autoclave at 121° C.
(15 1b.) for 15 minutes.

47. Coccidioides Isolation Agar ™

Ammonium chloride ............. ... oL, 10 gm.
Sodium acetate ........ ...l 10 gm.
Potassium phosphate, tribasic..................... ... 8 gm.
Cupric sulfate, 10 per cent solution..................... 4 ml.
AGar o e 20 gm.
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a. Suspend dry ingredients in water and dissolve with heat. Autoclave
at 121° C. (15 1b.) for 15 minutes.

b. Add cupric sulfate solution and pour plates.

48. Histoplasma Isolation Agar™*

Base Agar
Calf brain ........ ... i 200 gm.
Beef heart muscle....................... ... .., 250 gm.
Peptone ... ... 10 gm.
Dextrose ... e 2 gm.
Sodium chloride ............. .. ... ool 5 gm
Disodium phosphate ............ ... ... 2.5 gm
Agar e e s 20 gm
Water ..o 1,000 ml

a. Infuse brain and heart separately in 500 ml. volumes of water as
directed for Meat Infusion Broth, Plain CM 5.

b. Combine infusions, make up volume to 1,000 ml. and add dry in-
gredients. Dissolve the agar with heat.

c. Adjust the reaction to pH 7.4 and dispense in flasks as desired.
Autoclave at 121° C. (15 1b.) for 15 minutes.

Final medium
Melt base agar and cool to 45° C. Supplement with 10 per cent
sterile blood. 20 units of penicillin and 40 units of streptomycin per

ml. of medium. Pour plates.
Brain heart infusion agar, Difco, is an adequate substitute for the base agar. A medium
substituting 2 per cent pancreatic digest of casein and 0.5 per cent yeast extract for the infusion

and peptone components has supported excellent growth of Histoplasma capsulatum and is easier
to prepare.  Referee’s note,

49. Synthctic Broth for Histoplasmin and Tuberculin ¢ %%

ASParagin ... i 14 gm.
Dipotassium phosphate, cp. Anhyd.................... 1.31 gm.
Sodium citrate, c.p. NaaCeH:0:-5.:H.0................. 0.90 gm.
Magnesium sulfate, USP.MgSO-7H.O................. 1.50 gm.
Ferric citrate, USP VIII, scales.......... ..o oot 0.30 gm.
Cerelose, USP X ... ... e 10 gm.
Glycerol (for tuberculin) ............ ... .ol 100 ml.

(for histoplasmin) ........... ... ..ol 23 ml

(for coccidioides) ......coiiiiiiiiiiiiiia, 25 ml

Water tomake. ... .ottt 1,000 ml.
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Dissolve all ingrédients in water and make up to a volume of one
liter. Dispense in flasks to half volume and autoclave at 121° C.
(15 1b.) for 15 minutes.

50. Egg Yolk-Potato Flour Medium, Trudeau Committee **

Egg yolk «ovvninniniiiiiiiiiiii i 500 ml.
Potato flour water...........covvneiiiii it 500 ml.
Malachite green, 1 per cent solution in 50 per cent alcohol 20 ml.

a. Suspend 20 gm. of potato flour in 500 ml. of water to which 10 ml.
of glycerol has been added. Heat to boiling with constant stirring.
Cool to 60° C.

b. Cleanse the shells of fresh eggs with wet gauze. Rinse the eggs in
alcohol and flame. Separate the yolks from the whites as is done in
any kitchen. Combine in proportions of 11 egg yolks to one whole
egg until a total of 500 ml. of egg yolk-whole egg mixture is secured
(approximately 24 eggs).

c. Blend the 500 ml. of egg mixture with 500 ml. of the potato flour-
glycerol mixture and add the malachite green solution. All components
are thoroughly mixed and dispensed in previously sterilized tubes or
screw capped vials.

d. Sterilize and coagulate the medium by a single one hour exposure
in an inspissator heated to 90° C. Incubate 48 hours as a check of
the sterility. Contaminations are rare if the technic is maintained
aseptic throughout.

51. Egg-Potato-Mineral Medium, Lowenstein-Jensen %2

Salt Solution
Monopotassium phosphate .................. ... ... 2.4 gm.
Magnesium sulfate .................. ... e 0.24 gm.
Magnesium citrate ..........c0cceiiiiii e 0.6 gm.
Asparagin ... 3.6 gm.
Glycerol ...t 12 ml
Redistilled water ................cooiiiiiiiiii 600 ml.

a. Dissolve the dry ingredients and glycerol in the water with heat.
b. Heat in flowing steam in the autoclave for 2 hours and store over
night.

Final Medium
Salt solution .......... ... .. ... e 612 ml.
Potato flour ..........coviieiiiiiiiiinniiiiiienann., 30 gm.
Eggs .o e e 1,000 ml,
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a. Suspend potato flour in salt solution, being very careful to break up
all lumps.

b. Heat in boiling water bath (double boiler) with frequent stirring
until the mixture clears. Continue heating for 15 minutes in the bath.
Cool to 56° C. and maintain at that temperature for 1 hour.

c. Wash fresh (must be less than 48 hours old) eggs in 5 per cent soda
and a soap solution for 30 minutes. (Alternatively, the shells can be
sterilized with “ Emulsept” and “ Roccal” or other combination of
disinfecting and wetting agents.) Then place the eggs in running cold
water to remove the antiseptic or soap solution.

d. Break eggs into a sterile flask, shake well and filter through sterile
gauze. (A Waring blendor or sterilized kitchen egg beater is an ex-
cellent tool for homogenizing the whole egg meat.)

e. Combine the egg fluid with the flour-salt solution mixture, add the
malachite green solution and mix thoroughly until the dye is evenly
distributed throughout the medium.

f. Dispense in previously sterilized tubes or screw capped vials and
sterilize as directed in the section on sterilization.

52. Semi-synthetic Tuberculosis Medium, Dubos %4
Basal Medium

Monopotassium phosphate KH.PO............. ... ... 1 gm.
Disodium phosphate, Na-HPO.......................... 6.3 gm.
Asparagin ... 2 gm.

Dissolve with heat in 100 ml. of distilled water in a 2 liter flask
and add:

Distilled water ... i 850 ml.

Enzymatic digest of casein............................ 2 gm.
(40 ml. of a 5% autoclaved solution)

Magnesium sulfate MgSO~7H:0 ................ .. ..., 0.01 gm.
(1 ml. of a 1% solution)

Ferric ammonium citrate. ..............coiviiiin.., 0.05 gm.
(1 ml. of a 55 solution)

Calcium chloride CaCla.......covviuiiiiiiiiians, 0.0005 gm.
(1 ml. of a 0.05% solution)

Zinc sulfate ZnSOu....vvnviiiiiiin i iiiiianaaia, 0.0001 gm.
(1 ml. of a 0.01% solution)

Copper sulfate CuSOu...o.vvviiiieiniinnienienneann., 0.0001 gm.

(1 ml of a 0.01% solution)

Adjust reaction to pH 6.5-6.8 and distribute in flasks for the prep-
aration of Tween-Albumin Medium or Oleic Acid-Albumin Medium.
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Tween-Albumin Medium (for submerged growth)

Basal medium ...ttt 400 ml.
TWeen 80 . .\ivuuieirnnn e eonnneeenneanneeneennnns 0.5 ml
(5 ml of a 10% solution stored under refrigeration less
than 4 wecks)

Autoclave at 121° C. (15 1b.) for 15 minutes. Cool to 45° C. and
add:
Albumin (serum fraction V)............... . ool 5 gm.
(100 ml. of a 3% solution in 0.85%6 sodium chloride
solution, neutralized with sodium hydroxide solution
and sterilized by filtration)
0 T 3 em.
(.6 ml. ol a 30 ¢ auteclaved selution)

Dispense aseptically in sterilized tubes, flasks, or screw capped vials,
and incubate to check sterility.

Cultures of Mycobacteria in this medium are said to be *“ fully
grown ” when macroscopic " creeping ” of clumps can be seen on the
sides of the tube or flask; at this time, each ml. of the medium will
contain approximately 0.2 mg. dry weight of organisms.

Oleic Acid-Albumin Medium

Basal medium ... ... ... o 400 ml.
Olcic acid-albumin complex solution....... ... ... ..., 10 ml.

a. Autoclave the basal medium at 121° C. (15 Ib.) for 15 minutes and
cool below 60° C.

b. Add the oleic acid-albumin complex solution aseptically, mix thor-
oughly and dispense as desired.

Oleic Acid-Albumin Complex
a. Dissolve 0.12 ml. (0.1 gm.) of oleic acid in 10 ml. of N/20 sodium
hydroxide by shaking with a rotary motion in a small flask.
b. Add 5 ml of this solution to 95 ml. of a § per cent neutralized
0.85 per cent sodium chloride solution of albumin (serum fraction V).
c. Sterilize by filtration through a glass or porcelain bacteriologic filter.
In order to facilitate isolation of M. tuberculosis from material con-
taminated with other bacteria, an attempt has been made to render the
medium as gelective as possible by limiting the variety and concentration
of the nutrients in the basal medium. Glucose and glycerol are entirely
omitted. It may be advisable to reduce the asparagin from 2 gm. to
1 gm., the enzymatic digest of casein from 2 gm. to 1 gm., and the
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ferric ammonium citrate from 0.05 gm. to 0.005 gm. Satisfactory
growth of Mycobacteria is obtained at pH 6.5, a reaction which sup-
presses the growth of many contaminants. Substitution of the Tween
80 by oleic acid causes the growth of M. tuberculosis to be granular
instead of diffuse. This may facilitate the detection of large clumps
of acid-fast bacteria under the low power objective.

53. Egg Yolk-Water Medium, Besredka," modified %

Egg yolks (10) ... ... i 175 ml
Redistilled water, to make.......... ... ... ... ... ... 3,500 ml.
Sodium hydroxide, 1 per cent solution.................. 60-80 ml.
Malachite green, 2 per cent aqueous solution............ 17.5 ml

a. Add 175 ml. (approximately 10) egg yolks to 500 ml. of water and
mix thoroughly. Filter through gauze.

b. Add 1 per cent sodium hydroxide to adjust the reaction to pH 9.0.
Make up volume to 3,500 ml.

c. Add the malachite green solution and dispense in tubes or flasks as
desired and autoclave at 110° C. (6 1b.) for 20 minutes.

54. Egg Media, Solidified
Basic formula

FEoeo fludd o 730 ml.
Wat roor other diluente oo o o 20 m!

Mix thoroughly, dispense in previously sterilized tubes or screw
capped vials. Sterilized as directed in the section on sterilization. Use
aseptic technic throughout to minimize contamination.

There are many variations of this basic formula, apparently de-
pending upon the availability of various diluents and the desires of the
bacteriologist.  Coleman® has recommended 0.9 per cent sodium
chloride solution as the diluent in the preparation of a medium for the
preservation of Vi antigen.  McGuigan and Frobisher ™ suggest the
use of either water or physiological salt solution for Corynecbacterium
diphtherige.  As early as 1902, Dorset 7 suggested the use of whole
egg without diluent, egg yolk without diluent, and egg yolk with water
as a diluent for the cultivation of Mycobacterium tubcrculosis. Since
that time, the variations suggested in the literature have been very
numerous. Levine and Schoenlein ** compiled five modifications labelled
Dorset’s medium; and all five had been subjected to further variation.
Francis ™ used McCoy and Chapin’s ™* egg yolk medium in which the
egg yolk was diluted with two volumes of physiological salt solution.
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Many of these variations followed as a result of poor success with the
original formulas. It is safe to say that the primary reason for dis-
satisfaction with an egg medium is a result of failure to sterilize the
medium properly. The important principles to be followed as a guide
in the preparation of any egg medium are: (1) The eggs must be
fresh; (2) the procedure should be carried out using all possible pre-
cautions to avoid any and all unnecessary contamination including
preliminary disinfection of the shell, and (3) the exposure of the
medium to heat should not be greater than the minimum time period
required to secure satisfactory coagulation of the egg protein and
effective sterilization. Any egg medium prepared in such a manner
that a hard, dry surface results, will undoubtedly be unsatisfactory
for good growth of microdrganisms. A good medium has a moist,
soft, glistening surface.

S5. Blood Serum Mixture, Loefller’s

Blood serum ..............iiiiiiiiii i 750 ml.
Broth ... ... ... i 250 ml.

a. Mix the serum with the broth and dispense in tubes or screw capped
vials.
b. Sterilize as directed in the section on sterilization.

The formula as listed is the basic formula as proposed by Dr.
Loeffler ™ at a session of the Military Medical Society of Berlin in
1887. Many of the subsequent variations introduced have varied as to
the broth used as well as the source of the serum. From a summary of
the literature, it is apparent that the serum of any animal is satisfac-
tory, and, if preserved with a suitable volatile or otherwise easily
separable preservative, need not be fresh. Generally the broth con-
stituent has been supplemented by the addition of 1 per cent of an
easily assimilable carbohydrate such as dextrose, as an additional
source of energy. Proper and careful sterilization to avoid unnecessary
exposure to heat is the primary principle guiding the preparation of a
satisfactory medium.

56. Semi-fluid Agar®®

Meat infusion broth CM §5..................ccciiinnt. 1,000 ml.
Agar ottt et e e 1-1.5 gm.
Dextrase ......c.ociiuiiiiiiiiiiiiiiiiie i 1 gm.

a. Dissolve the agar and dextrose in the meat infusion broth with
heat. Adjust the reaction to pH 8.0.
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b. Dispense in tubes or flasks as desired and autoclave at 121° C.
(15 1b.) for 15 minutes.

For fermentation tests
a. Omit dextrose and adjust reaction to pH 7.6.

b. Add 10 ml. of 0.04 per cent solution of bromcresol purple or other
desired and suitable indicator.

c. Dispense in flasks and autoclave at 121° C. (15 1b.) for 15 minutes.
d. Add carbohydrate solution, previously sterilized by filtration, suffi-
cient to make the concentration 0.5 per cent.

e. Dispense aseptically in tubes or screw capped vials.

For Neisseria meningitidis
Adjust reaction of basic formula to pH 7.3 and add:

Potassium chloride ........... ... .o 0.2 gm.
Calcium chloride ...........cciiiiiiiiiiii i, 0.1 gm.

Dispense in tubes and autoclave at 121° C. (15 lb.) for 15 minutes.

57. Inulin Serum Water, Hiss 4

Serum ... 100 ml
Water ... e 200 ml
Inulin ..o 3 gm.
Bromcresol purple 0.04 per cent solution ................ 3 ml

a. Dissolve the inulin and dye in the water with heat and admix the
serum. '

b. Dispense in tubes or screw capped vials, and sterilize at 100° C. for
10 minutes. It may be necessary to heat at 110° C. (6 1b.) for 10
minutes if the serum has not been handled aseptically, or if experience
has demonstrated the presence of resistant spores in the inulin.

58. Thioglycolate Broth,’® modified 77

Pancreatic digest of casein, USP. XTIL.................. 15 gm.
Icystine ... e 0.75 gm.
DEXLIOSE o vvvitnt it i e S gm.
Yeast extract ..ottt 5 gm.
Sodium chloride .............. . . oo 2.5 gm.
Sodium thioglycholate ............ ... ...l 0.5 gm.
Resazurin, 0.1 per cent solution ................couee. 1 ml
Agar . i e 0.75 gm.

a. Suspend dry ingredients in water and dissolve with heat. Boil for
at least 1 minute to insure solution of the agar.
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b. Dispense in tubes; filling them to a depth of at least 10 cm. A small
amount (0.1 gm.) of dry calcium carbonate may be added to each
tube before filling if the medium is intended for the preservation of
stock cultures.

c. Sterilize at 121° C. (15 Ib.) for 15 minutes and store in the dark at
room temperature. DO NOT REFRIGERATE.

d. If oxidation occurs, as will be indicated by the pink color of the
resazurin, the tubes can be reheated onck in tlowing steam or a boiling
water bath to lower the potential.

59. Endameba Culture Broth™

Heart muscle, dehydrated .......... .. ... ... . L 1 gm,
or

Heart muscle, minced. fresh. ..o oo 3 gm
Sodium chloride ........ ... .. .. S um.
Calcium chloride ... ... ... .. ..o ceo o Goooum
Potassium chloride ... ... . .. o 0.. am.
Maenesium chloride ... .. 0.1 vm.
Monosedium  phosphate ..o o oo oo 0.1 ym
Sodium bicarbonate ... o oo oo oo 0.4 am
Whole wheat flour................o o o o o 2370 me

priube
Waer 1.0C0 mi.

a. Suspend the heart muscle and dissolve other ingredients in the water
with heat. Bring to a boil and extract for 1 hour in a double boiler.
b. Filter through medium paper and tube in 10-15 ml. amounts.

c. Autoclave at 121° C. (15 Ib.) for 15 minutes.

Immediately before use add 25-50 mg. of wheat flour to each tube.
This can be easily done by filling a dry, sterile 1 ml. pipette to the
0.05 mark and tapping it against the side of the tube. The flour is
sterilized in a foil covered tube in the autoclave at 121° C. (15 Ib.)
for 30 minutes, dried overnight in the hot air oven at 55° C. and then
heated in the hot air oven at 180° C. for 30 minutes.

60. Todd-Hewitt Broth,*® modified ~!

Remove fat and fascia from fresh beef heart or horse meat. Grind fine
and infuse one lb. in 1,050 ml. distilled water in the refrigerator over-
night. After 18 hours, heat to 85° C. and hold at 85° C. for 30 minutes.
Skim off fat and filter through coarse filter paper. To each 1,000 ml. of
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infusion add 20 gm. of neopeptone. Adjust reaction to pH 7.0 with
N/1 NaOH and add:

NaCl .o e 2 gm.
NaHCO:s oo 2 gm.
Na:HPO,:12 H:O . .vviir it i i ieeeenann 1 gm.
Dextrose ... e e 1 gm.

Boil 15 minutes and filter through paper. Tube (40 ml. volumes in
50 ml. centrifuge tubes) and sterilize in the Arnold for one hour on
three successive days. (Autoclaving in separated tubes at 115° C.
(10 1b.) for 12 minutes has produced very satisfactory media.
Referee’s note.) The final reaction should be pH 8.0. If a precipitate
has formed, it must be removed by filtration, the reaction adjusted to
pH 8.0 and the medium resterilized.

61. Mucller’s Medium for Gonococii and Meningococci®

a. Starch Paste

(1) Suspend 1.5 gm. of ordinary starch (corn starch or laundry
starch, not “ soluble starch ) in 10 ml. of cold water.

(2) Pour slowly into 90 ml. of boiling water while stirring.
b. Agar Solution

Dissolve 17 gm. of agar in 500 ml. of tap water by autoclaving for
15 minutes at 121° C. (15 1b.).
c. Complete Medium

Meat infusion, double strength (CM. No. 6) ............ 300 ml.
Casamino acids, technical (Difco) ..ot 17.5 gm.
Starch paste (2) .....oviii i 100 ml.
T U 100 ml.

(1) Adjust pH to 7.4-7.6.

(2) Add to the hot agar solution (b).

(3) Mix and distribute into test tubes or small flasks.

(4) Autoclave not more than 10 minutes at 115° C. (10 1b.).

62. Scrum Tellurite Agar for Diphtheria S2

Pancreatic digest of casein, USP. XUI...........0 ... 20 gm.
Sodium chloride ... 5 gm.
DeXtrose ..o e e 2 gm.
Sterile serum ... oo 50 ml.
Potassium tcllurite, 1 per cent sterile solution............ 10 ml.
D 20 gm.

R L A 1,000 ml.
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a. Dissolve the dry ingredients in the water with heat and adjust the
reaction to pH 7.4-7.6.

b. Autoclave at 121° C. (15 1b.) for 15 minutes. Cool to 50° C. and
add the potassium tellurite solution and the serum.

c. Mix thoroughly and dispense aseptically in tubes or plates as
desired.
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I. INTRODUCTION

LASSIFICATION of the streptococci has long presented a difficult

problem in taxonomy.! ¥ The data available for classification
have been so confusing, so full of exceptions and irregularities that
they have often suggested the query: Is a useful classification of the
streptococci possible? Various criteria have been used in the attempts
to arrange in more or less well defined groups these Gram-positive
spherical or ovoid microdrganisms which grow in long or short chains
and divide in one plane. Many attempts to do so on the basis of
fermentation of carbohydrates have failed to establish differentials
which can be relied upon for purposes of grouping and classification;
many exceptions are always found. But fermentations and allied
biochemical reactions, although unsuitable for the primary groupings
of the streptococci, have unquestionable usefulness in the separation
of species or types within major or primary categories as determined
by antigenic compositicn *+-1® or action on blood agar media.
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Habitats and pathogenicity also fail to satisfy requirements as ac-
ceptable differential characters for classification. Exceptions, inter-
mediate characteristics, and poorly defined affinities have nullified
attempts to use these criteria, with or without the help that can be
obtained from biochemical characters, for the primary groupings of
the streptococci. Schottmiiller’s® early observations extended by
Brown,? on the different kinds of action of streptococci on blood agar
media have established themselves in bacteriological thinking and
literature and have survived as differentials; these criteria manifest a
partial correlation with pathogenesis, but tend to assemble in the same
category strains of various origins and habitats, dissimilar biochemical
characters and quite different antigenic compositions. Actually, as
Andrews ' pointed out long ago, it is not surprising that among the
streptococci there are very numerous species, types, intermediates, and
variants. Bacteria which have survived in the struggle for existence
are precisely those which have, by a capacity for variability, adapted
themselves to inconstant environmental conditions; hence, among the
surviving types and species poorly defined groups with transitional
forms are common. Those groups, on the other hand, characterized by
greater uniformity and less capacity for variation have tended to
disappear.

A new era in the taxonomy of the streptococci began with the
illuminating demonstrations by Lancefield ''~'* that polysaccharide com-
ponents, the C-substances revealed by precipitin reactions, indicate
boundaries that separate streptococci into groups which, with only a
few exceptions, are correlated with the usual habitats and animal
pathogenicities. Extending the pioneer observations of Griffith!® on
streptococcal types, Lancefield and others have further subdivided
these primary groupings into numerous types, determined in Group A,
by protein components, the M-antigens of the streptococcal cell; in
Group C the type-specific antigen is also a protein but in other groups
the type-specific antigen is a carbohydrate; the M-antigens, like the
C-substance, are demonstrated by precipitin reactions. Groups of
streptococci defined by the possession of the same group-specific C-
substance do not, however, coincide precisely with the grouping which
depends on the kind of action on blood agar media. Almost all Group
A strains (ie., the species Streptococcus pyogencs) are, to be sure,
beta-hemolytic but beta-hemolytic streptococci are not confined to
Group A; Group D, for example, although predominantly composed of
alpha-hemolytic (viridans) and gamma-hemolytic (non-hemolytic)
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strains, includes some strains which are beta-hemolytic; and occasional
strains will produce beta-hemolytic colonies when grown anaerobically
and alpha-hemolytic colonies when grown in atmospheric air?; or
again certain strains after repeated subculturing will lose the capacity
to cause beta hemolysis, without demonstrable change of any other
character.!” This alteration in one of the important criteria of classi-
fication has its counterpart in the disappearance of the type-specific
M-antigen after long cultivation on artificial media without animal
passage. The M-antigen which under these conditions is no longer
demonstrable in the precipitin reaction usually reappears after re-
peated mouse passage. Even though the C-anti-C and M-anti-M
precipitin reactions offer relatively stable and dependable criteria for
classification of the streptococci, they do not eliminate all the difficulties
and confusions which have for so long bedeviled the efforts to classify
the streptococci in well defined categories. Strains which cannot be
grouped or typed by either the Lancefield or the Griffith technic are
by no means rare **°; correlations with virulence are very incom-
plete; correlations with origins, host affinities, and pathogenetic capabili-
ties are characterized by exceptions. Thus, among the streptococci,
divisions and subdivisions are generally statistical rather than absolute.
The classification presented in Bergcy’s Manual*!' is probably the best
compromise between the conflicting claims of the major classificatory
criteria. Some of the more important differentials are shown in
Tables 1, 2, and 3.

TABLE 1

Group and Type-specific Antigens of Hemolytic Streptococci

(Modified from Lancefield,'’ 1941; and Wilson and Miles?
(Topley and Wilsoni 1946,

Group Specificity Type Specificity
e A N A~ —
Group-Specific Type-specific Substances
Carbohydrates Specific Types —_—— A
Servlogical Group  (*“ C *’ substance) Recognized Designation Chemical Nature
A M Proteins
A At least 40 T Probably proteins
Polysacc harides . .
B immunologically Several S Polysaccharides
distinct for Qev — ins
C cach group Several Proteins
D* E, F, G " " .
H, X, 'L, ,M, N. Several S Polysaccharides *

*In group D the type-specific substances of 3 types appcar to be polysaccharides and the
group-specific substances are probably proteins; these are the ‘‘ pneumococcus-like ” types: in
the remaining type (type 2) the reverse relationship exists: the type-specific substance is a
protein and the group-specific substance is a polysaccharide (22).
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Since a high percentage of human streptococcal infections are due
to Group A strains, numerous attempts have been made to identify
individual Group A types with the syndromes of streptococcal infection.
It has finally become quite clear that none of the various streptococcal
infections is regularly associated with one and only one type of Group

TaBLE 2
Divisions and Some Differentiul Characters of the Streptococci

(After Sherman?t)
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* Indicates occasional variation from type reaction.

t Many other viridans streptococci have been described, but have not as yet acquired (Bergey)
specific status.  For descriptions of their biological characters, original descriptions, and other
bibliographical data, references (2) and (21) should be consulted.

A streptococcus. 1In scarlet fever or erysipelas, for example, the
streptococcus causing the infection may be any one of many Group A
types: this holds true for all the numerous syndromes of streptococcal
infection. Thus the implications of type specificity do not include
disease specificity: hence the inappropriateness of designating strepto-
cocci by a name associating it with a single clinical entity; for
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examples, Streptococcus scarlatinae, Streptococcus erysipelatis, strepto-
coccus s. b. e. Disease specificity is more in evidence but far from
absolute in the Lancefield groups. While Group A accounts for a large
. majority of human streptococcal infections, rare cases of scarlet fever
are associated with Group C strains, and occasional human infections
are due to strains which are in Groups B, C, D, F, G, and H' In
infants and young children severe and even fatal infections due to
Group D streptococci are by no means rare?® Subacute bacterial
endocarditis, which may be due to any one of several species in the
viridans and enterococcus divisions of the streptococci (or even to
species in genera other than the genus Streptococcus), and the post-
partum and postabortum infections due to anaerobic streptococci are
additional examples of rather frequent human streptococcal infections
due to strains which do not belong to Group A.

Nevertheless, the technics of grouping and typing streptococci
have made possible epidemiological studies which formerly were im-
possible. Investigations of the inciting agent in the complications of
scarlet fever, making use of type differentiation technics, have shown
that an important percentage are not due to the same type of strepto-
coccus that caused the primary disease.** The patient whose complica-
tion is due to a type different from the type associated with the
primary disease, probably acquired the second type in most cases, from
someone with whom he came in contact possibly before, but more
probably, after the onset of the primary disease. There is evidence,
however, which seems to indicate that the occurrence in association
with a complication or as a carriei strain from a convalescent, of a type
not previously present may be due to type transformation within the
host rather than to direct or indirect transmission of the second type
from a human contact.?® With the advent of penicillin the identifica-
tion of carriers of Group A hemolytic streptococci has acquired new
importance because it is now frequently possible to terminate the
streptococcus carrier state.® The more accurate identification of
strains of hemolytic streptococci by serologic grouping and typing and
the control of infections and the carrier state by penicillin have placed
in the hands of the health officer important tools for the analysis and
control of outbreaks of streptococcal infections whether milk-borne or
otherwise transmitted; and the new serological technics plus the
antibiotics now make possible more rational and practicable quarantine
regulations for streptococcal infections.
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Il. COLLECTION AND PREPARATION OF SPECIMENS

A. Broop

After skin sterilization, with careful aseptic technic, avoiding drafts,
droplets, and other sources of contamination:

1. Draw approximately 25 ml. of blood into a dry 20 ml. syringe
(18 or 20 gauge needle).

2. To 10 ml of 2 per cent sodium citrate in a 22 x 150 mm. test
tube add blood up to a 20 ml. mark. Swirl gently.

3. Divide the balance of the blood equally among 3 flasks (about
5 ml. in each flask) each containing 50 ml. of beef infusion broth
(C.M. No. 5). Bottles serve the purpose as well as flasks. One
flask is incubated aerobically, one anaerobically, and one in an atmos-
phere of approximately 10 per cent COy.

4. With the citrated blood 5 pour plates are prepared, each receiving
2 ml. (i.e., 1.0 ml of undiluted blood) (C.M. No. 33). The balance of
the citrated blood is distributed equally among 3 flasks of beef infusion
broth (C.M. No. §) each receiving about 3 ml. These pour plates and
flasks inoculated with citrated blood should be incubated as follows:
Aerobic---2 pour plates, 1 flask; .Anaecrobic (Mclntosh and Fildes 7 jar
or similar equipment for anaerobiosis)-—1 pour plate, 1 flask; in CO.
(approximately 10 per cent)—2 pour plates, 1 tlask. An abbreviated
blood culture procedure which for routine use will yield results only a
little less satisfactory than the procedure just described is to prepare
30 ml. of citrated blood (15 ml. of 2 per cent sodium citrate and 15 ml.
of blood) and omit the 3 flasks with untreated blood.

5. In case the patient from whom the blood was taken is at the
time on penicillin therapy a penicillin inhibitor, “ Clarase ™" ** or “ Peni-
cillinase ” ** should be added to the medium. * Clarase ” may be used
in 1 per cent solution in 0.85 per cent NaCl sterilized by Seitz filtra-
tion; 0.5 ml. for each 5.0 ml. of blood should be added to the medium.
“ Penicillinase,” a penicillin inactivator of bacterial origin is also com-
mercially available. In case the patient is on sulfonamide therapy at
the time blood is taken for cultural examination 0.25 ml. of a 1 per
cent solution of para-amino-benzoic acid in distilled water should be
added to the medium for each 5.0 ml. of blood.

6. Unless there is great clinical urgency (and this is far from in-
frequent) for confirmation or elimination of a suspicion that bac-
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teriemia exists, the flasks should be incubated 48 hours before being
opened for the preparation of Gram-stained films and subcultures to
blood agar plates (C.M. No. 33). They should be examined for growth
on the 2nd, 7th, 10th and 14th days, and should not be discarded as
negative before the 14th day.

7. Cultural examination of the blood of infants and young children,
because of contraindications to taking as much as 25 ml. of blood or
because of technical difficulties. will often have to be done with smaller
quantities of blood. Under these circumstances it is generally advis-
able, with or without the use of sodium citrate, to divide the amount
of blood available equally among 3 flasks of beef infusion broth
(C.M. No. 5), one of which is incubated aerobically, one anaero-
bically, and one in an atmosphere of approximately 10 per cent CO..

8. Clotted blood may be prepared for cultural examination by
pipetting off the serum, placing the clot in the barrel of a 20 ml.
syringe and with the plunger forcing it through the tip into a flask of
beef infusion broth. This procedure requires very careful aseptic
technic: contaminations are frequent. Blood agar plates should be
inoculated with the serum.

The somewhat complicated procedure for blood cultures described
above is known to yield good results in isolating from the blood the
various bacterial species, with widely different requirements for growth,
which may be present in clinical material. Not infrequently initial
isolation is difficult because some strains cultured directly from an
infected host are very fastidious and find conditions of growth in labora-
tory media unsatisfactory. Only after repeated subcultures do they
grow promptly and freely. The variety of conditions offered by the
blood culture technic outlined insures a high percentage of positive
cultures when there is actually a bacteriemia. Less comprehensive tech-
nical procedures will, in some cases, fail to reveal a bacteriemia when it
is in fact present and would be demonstrated by the more diversified
technic.

An alternative procedure for anaerobiosis is available in the thio-
glycollate medium #-3* (C.M. No. 58) which has been found satisfactory
for the isolation of contaminants of biological products. Whether or not
it will satisfactorily meet the diverse and frequently exacting demands
of clinical material has not yet been fully demonstrated, but prelim-
inary réports are favorable.?> If the colonies in the pour plates are
numerous, accurate counting is greatly facilitated by use of a Quebec
counter.
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B. SwaBs FrRoM NASAL PASSAGES AND THROAT

1. During active infection—When there is an active streptococcal
infection in the nasopharynx the isolation of streptococci from throat
swabs usually presents little or no difficulty. The swab is swept lightly
across one side of a blood agar plate and then with a loop or glass
spreader the rest of the plate is seeded in such a way that scattered
colonies will be available for subcultures. Gram-stained films prepared
from the material on the swab after inoculation of the plates should be
examined. Cultures of Gram-positive cocci with streptococcal mor-
phology obtained from the isolated colonies should be examined for
purity and identified by serological and biochemical methods.

2. To identify hemolytic streptococcus carriers—The isolation of
streptococci from convalescents and carriers is more difficult and calls
for a different technique ** : otherwise, rapidly growing microdrganisms
(e.g., N. catarrhalis, staphylococci and members of the coliform group)
which form large colonies may prevent isolation of streptococci if
present in small numbers or if their colonies develop slowly.

Nose and throat swabs from convalescents and suspected carriers
should be incubated in a selective enrichment medium 3* 3 consisting
of beef infusion broth containing 5 per cent rabbit, human, or horse
blood, sodium azide 1:16,000 and crystal violet 1:500,000 (C.M. No.
11).  Glucose should not exceed 0.02 per cent. Incubate at 37°
for 12-18 hours. Blood plates seeded from this culture should be
treated as usual for scattering colonies, isolation of streptococci in
pure culture, and identification. In view of the convincing’ demon-
stration *% that individuals with positive nose cultures disseminate much
larger numbers of beta-hemolytic streptococci, and hence have a greater
potential as transmitters of disease, than individuals who have positive
throat and negative nose cultures, especial care should be exercised
in obtaining and studying nose cultures.

C. SeputuM

Specimens of sputum should be received in sterile, widemouth bottles
without disinfectant. The specimen need not be copious but should be
fresh, should come from the deeper air passages, and should be muco-
purulent or purulent with or without an admixture of blood. Patience
and persistent efforts on the part of the attendant may be necessary in
order to get a satisfactory specimen. Prepare Gram-stained films from a
purulent or bloody portion of the specimen and inoculate blood agar
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plates with a technic which will give well scattered colonies on at
least a portion of one plate.

D. Lune Juice AND MATERIAL OBTAINED BY BRONCHOSCOPY

Lung juice, obtained by lung puncture, should be prepared for bac-
teriological examination in the same way as sputum and in addition
a film should be stained by Wright's method to determine the kinds
of cells present. Material obtained at bronchoscopic examinations
should be prepared for examination in the same way as lung juice.
If any of these materials is foul smelling, cultures should be incubated
anaerobically.

E. SpinaL Fruip

Spinal fluid may be prepared for isolation of streptococci by centri-
fugation at approximately 2,000 r.p.m. for }2 hour. After removal of
the supernatant, Gram-stained and Wright-stained films should be
prepared from the sediment and blood agar plates inoculated.

F. PurvLENT Disciiarces, CATHETERIZED URINE FROM INFECTED
URINARY TRACTS, PERITONEAL AND PLEURAL EXUDATES, ETC.

After preliminary centrifugation (may be omitted if the specimen
consists of thick pus), prepare Gram-stained films and, with proper
attention to obtaining well scattered colonies, inoculate blood agar
plates. If the films show Gram-negative microdrganisms in addition
to Gram-positive cocci and the primary objective is only to determine
the presence or absence of streptococci, a preliminary culture in beef
infusion broth containing 5 per cent horse, rabbit, or human blood,
plus sodium azide 1:16,000 and crystal violet 1:500,000 (C.M. No. 11)
should be incubated overnight and from this culture blood agar plates
should be inoculated.

G. Swass FrRoOM CErvVIX UTERI AND VAGINA

Specimens should be collected on swabs after several hours at least
have elapsed since a vaginal douche. With the aid of a speculum the
physician can usually obtain a specimen from the cervical os without
contamination by vaginal flora. Blood agar plates inoculated with a
technic to insure scattered colonies should be incubated aerobically,
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anaerobically, and in an atmosphere of approximately 10 per cent
CO,. Gram-stained films should also be prepared from the specimen
on the swabs. Anaerobiosis is important in the bacteriological exam-
ination of specimens from the female genital tract. Puerperal infec-
tions are frequently due to strictly anaerobic or microaerophilic strep-
tococci.

H. MLk

Samples of milk to be examined for hemolytic streptococci should
be kept in properly iced or refrigerated containers until they are
examined. Bacteriological examinations should be made as soon as
possible after collection. Centrifuge the specimen at approximately
2,000 r.p.m. for }2 hour. With a capillary pipette draw off and discard
the skim milk. From mixed cream and sediment make films; stain
one with Loeffler's alkaline methylene blue and examine for pus cells;
stain another for bacteria by Gram’s method. Inoculate blood agar
plates, preferably pour plates. Incubate aerobically and anaerobically.

lil. BACTERIOLOGICAL EXAMINATION

A. PLATING SPECIMENS #7

Three plating technics are available: (1) Streaked plates: A single
loopful of the material submitted for culture may be streaked in
parallel rows on the surface of a 5 per cent defibrinated horse or human
blood agar (C.M. No. 33) plate. 1f prelimimary microscopic exam-
ination shows that large numbers of microdrganisms are present, dilu-
tion of the specimen or inoculation of additional plates with a technic
to yield scattered colonies is advisable; (2) Pour plates: Beef infusion
agar dispensed in volumes of approximately 12 ml. is melted in boiling
water; when it has cooled to 45°, 5 per cent defibrinated horse or human
blood is added, and thoroughly mixed with the melted agar by rotating
the tube between the palms of the hands. With a pipette 1 ml. of
the specimen, diluted if necessary, is placed in a Petri dish and the
melted blood agar poured over it. The inoculum may be evenly mixed
with the blood agar by carefully swirling the plate before the agar
solidifies. (3) Streaked pour plates: These are prepared by inoculat-
ing beef infusion agar plates with the material to be examined and then
pouring over the inoculated surface about 5 ml. of 5 per cent defibri-
nated horse or human blood agar.
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B. TyPES oF GROWTH ON OR IN BL0OOD AGAR

The sixteen recognized (Bergey)*' species of the genus Strepto-
coccus (omitting the anaerobic species) are, by established practice,
descriptively designated and classified by the characteristics of their
colonies when grown aerobically on blood agar; a more precise differ-
entiation of the four categories of streptococci based on the changes
produced in blood agar is possible if cultures are grown in pour plates
in which horse blood is used.” ** There are three main types and one
sub-type of colonial appearance in pour plates of this medium.

(1) The alpha-type. The colony is immediately surrounded by a zone,
which may be very narrow, of discolored erythrocytes which have a
green or brownish-green color. This zone may not be unmistakably
visible to the naked eye; to see it clearly it may be necessary to use
the low power of the microscope or a dissecting microscope. Outside of
the zone of discoloration a zone of hemolysis may be seen; this zone
may be either so narrow as to be almost invisible or it may attain
considerable width; refrigeration will usually widen this zone. Alpha-
type colonies may easily be mistaken for beta-type colonies if the
hemolytic zone is wide and the inner zone of greening is narrow; the
microscope may be necessary to make the distinction; and the differ-
entiation is usually more definite in the deep than in the surface colonies.
Some strains which produce alpha-hemolytic colonies in atmospheric
air produce beta-hemolytic colonies when grown under anacrobic con-
ditions.* Strains characterized by alpha-hemolytic colonies in blood
agar are commonly referred to as the viridans group. 'The alpha-prime-
type. The colonies are not sharply outlined: they are surrounded by
a slightly hazy zone of hemolysis less sharply defined than in beta-
hemolysis. By using the microscope one can see that the zone of
hemolysis contains a moderate number of unaltered corpuscles which are
most numerous in the immediate neighborhood of the colony. No visible
discoloration occurs. Refrigeration for 24 hours causes considerable
widening of the zone of hemolysis. Some strains which produce alpha-
prime hemolysis on horse blood agar produce typical alpha-hemolysis
on rabbit blood agar.

(2) The beta-type. The colonies of beta-hemolytic streptococci in
blood agar plates are surrounded by a clear zone in which no intact
erythrocytes are visible. A subdivision of this type is the double zone
beta-hemolytic type. This colonial type, after producing a zone of
hemolysis like that of other beta-type strains, forms on standing at room
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temperature or on refrigeration, a second ring of hemolysis separated
from the first ring by a zone of intact erythrocytes. All of the double
zone beta-hemolytic strains which have been recorded are members of
Group B (Lancefield), but not all Group B strains produce double zones.
Alternate zones of hemolysis and unhemolyzed erythrocytes may be
produced with these strains by alternating incubation and refrigeration.

(3) The gamma type. The third type of effect of streptococci on
blood agar is seen in those strains which in blood agar produce colonies
with no detectable change in the blood surrounding the colony. These
are commonly referred to as indifferent or non-hemolytic types.

Bacterial species which produce colonies resembling those of beta-
hemolytic streptococci, for example, Cornyebactirtum pyogenes, Lis-
teria monocytogencs, Hemophilus hemolyticus, may usually be differ-
entiated from streptococci by the Gram stain; and pneumococci pro-
ducing alpha hemolytic or alpha-prime hemolytic colonies may be
differentiated from viridans streptococci by inulin fermentation,* bile
solubility and the Neufeld Quelluag reaction.

C. CoLoNIAL MORPHOLOGY

Identification of streptococcus strains is aided by critical considera-
tion of the colonial types. On blood agar plates there are four recog-
nized colonial types of surface growths of Streptococcus pyogenes 1™ 39-41
(1) Mucoid (pseudo-glossy)—The colony has a sharply circumscribed
circular outline; it is high convex to domed; surface, smooth and
glistening; consistency, mucoid, sometimes almost watery. (2) Matt—
The colony usually has a circular outline; it is sharply circumscribed;
elevation, domed; surface, coarsely stippled. Matt colonies probably
represent a form intermediate between mucoid and glossy (smooth).
The colony is tough and can be pushed along the surface of the agar
without loss of contour. (3) Glossy (smooth)—The colony is grayish
white, slightly opaque, smooth, glistening; outline, circular; the colony
disintegrates when touched. (4) Rough—The colony has an irregular
fimbriated outline; elevation, flat; color, grayish. The colony tends
to be larger than the mucoid, matt, or glossy colony, and the zone of
hemolysis narrower. Usually strains in the mucoid or matt phase
contain the M-antigen, those in the glossy or rough phase do not.

Freshly isolated pathogenic strains are usually in the matt or mucoid

* Many strains of streptococci of serological Groups H and K and occasional strains of
Groups E, F, and M ferment inulin.
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phase of colonial morphology. Pathogenic strains of groups other than
Group A may differ somewhat from Group A strains in colonial appear-
ance. Not infrequently there is considerable difficulty in assigning with
certainty the colonies of a culture to one of these categories; the diffi-
culties in deciding which phase of variation a culture is in are often
increased by the effects on colonial morphology of drying of the medium.
Furthermore the colonies of some strains do not have a uniform ap-
pearance on blood of different species of animals.

D. DIFFERENTIAL CHARACTERS: IDENTIFICATION OF SPECIES, GROUPS,
AND TyPES

Having obtained pure cultures of a strain of streptococcus by sub-
culturing from isolated colonies, identification is accomplished by ob-
servation of its characters in three catagories: (1) the type of growth
on or in blood agar, (2) the biochemical characters, (3) serological
reactions in group-specific antisera and, if indicated, in type-specific
antisera of Group A.

The differential criteria based on type of growth in or on blood agar
have been described above. The biochemical characters which are
most useful for species identification are presented in Tables 1, 2, and
3. For serological grouping and typing the prime requisite is group-
specific and type-specific antisera of adequate potency, that is, good
anti-C and anti-M sera respectively.

Directions for the preparation of antistreptococcus grouping and
typing sera may be found in references 42 and 43.

Determination of serological (Lancefield) group. The extract of the
streptococcal cell used in the precipitin test for grouping and typing is
prepared as follows**: Approximately 40 ml. quantities of Todd-
Hewitt ** broth (modified) ** (C.M. No. 60) in 50 ml. centrifuge tubes
or 125 ml. flasks are inoculated from the pure stock cultures and
incubated at least 18 hours or until a heavy growth is obtained. This
is checked for purity of growth. The broth culture is centrifuged and
the clear supernatant is pipetted off or decanted.

The bacterial sediment is mixed with 0.4 ml. of N/5 HCI. A loopful
of the suspension should give an orange-red color with a drop of 0.01
per cent thymol blue, that is, the extractions should be carried out at
a pH of 2.0 to 2.4. If necessary, more N/5 HCI is added to obtain
this range.

The mixture is transferred to a pointed 15 ml. centrifuge tube and
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heated in a boiling water bath, shaken at 3 minute intervals for 10
minutes, cooled, and centrifuged.

The clear supernatant is decanted into a second centrifuge tube and a
small drop of 0.01 per cent solution of phenol red is added, which colors
the solution a distinct yellow.

Three-tenths to 0.33 ml. of N/5 NaOH is added drop by drop until
a faint pink color appears. The first faint pink color indicates a pH
of 7.0; a good extract may have a pH between 7.0 and 7.8. If too
alkaline, the extract is readjusted with N,20 HCI because nonspecific
precipitin reactions may occur when the pH of the extract is over 7.8.
The slight precipitate formed during neutralization is discarded after
centrifugation and the supernatant fluid which should be crystal clear
is pipetted or decanted into small test tubes.* This is now ready for
testing with antisera, and is used for both grouping and typing. Diffi-
culties in grouping and in typing streptococci are generally traceable to
faulty preparation of the extract. It is essential that extraction be
carried out at a pH below 2.5. It is also important to keep the final
volume small. Cloudy extracts may be caused by contamination, by
the use of N/5 NaOH stored in non-Pyrex glass containers and by
stirring up the sediment in the bottom of the centrifuge tubes. Con-
taminated extracts may give false reactions. All glassware must be
perfectly clean; and the acid and alkali solutions must be of accurate
normality.t Into 8 x 100 mm. tubes pipette 0.1 ml. of undiluted
group-specific serum. Layer on the surface of the serum 0.1 ml. of
the extract. As controls combine similar volumes of each extract and
normal rabbit serum, of each serum and salt solution, and of each
serum and the extract of a strain of its homologous group. After 10
minutes’ incubation at 35° C. examine for a ring precipitate at the inter-
face of antiserum and extract. Shake the tubes and record the amount
of precipitation after 2 hours’ incubation at 35° C. and after overnight
refrigeration.

* Larger quantities of extract may of course be prepared by using multiples of the amounts
suggested.

t The formamide (HCO . NH,) method # of extracting the polysaccharides of hemolytic
streptococci is economical and ylelds potent extracts from which protein substances which may
give cross-reactions arc largely eliminated: centrifuge 10-15 @ml. of a broth culture until the
organisms are packed; remove the supernatant as completely as possible and discard; to the
sediment add 0.2 ml. of formamide. Shake: and place the tube in an oil bath (automobile
or mineral oil) at 150°-180° C. for 15 minutes; cool; and add 0.5 ml. of acid alcohol
(1 ml. concentrated HCl with 99 ml. of 95 per cent alcohol); centrifuge. Transfer the
supernatant to a clean centrifuge tube; add 1 ml. of acetone and centrifuge lightly; discard the
supernatant. Add 2 ml. of normal saline to the sediment; shake and add 1 drop of bromthymol
blue indicator; then add sufficient 2 per cent sodium carbonate (Na,CO, . H,O, mot technical
sodium carbonate) to turn the extract blue. Centrifuge before use in tﬂe preclpfun test.
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An alternative technic *™*** for the grouping and typing of strepto-
cocci by precipitin reactions has been introduced by Swift. It makes
possible considerable economy in the use of antisera; instead of 8 x 100
mm, tubes it makes use of capillary pipettes having an external diameter
of 1.0 == 0.02 mm. Details may be found in references 47 and 48.

Mouse-virulent strains of Group A streptococci have the M-antigen,
but not all strains with M-antigen are virulent; hence M-antigen is
essential for mouse virulence but is not the only determinant.

IV. REPORTING RESULTS

Results of bacteriological examinations of specimens submitted for
isolation and identification of streptococci may be reported as follows:

The laboratory may simply state, “ no streptococci isolated,” or * no
beta-hemolytic streptococci isolated.”

If streptococci have been isolated from the specimen a complete
report should include the following information:

1. Type of action on or in blood agar, i.e., alpha, beta, gamma, or
alpha-prime hemolysis.

2. The serological (Lancefield) group to which the strain belongs;
if the strain is in Group A (i.e., Streptococcus pyogenes), sometimes
it is also important to report the serological type; if serological reac-
tions fail to indicate group and type unequivocally the report should
include this information.

3. The primary group of the genus Streptococcus in which the strain
is classified, i.e., pyogenes, viridans, lactic, or enterococcus group.

4. The species (Bergey) to which the strain is assigned on the basis
of biochemical characters.

5. If the strain will not grow in the presence of oxygen the report
may state that anaerobic (or microaerophilic) streptococci were isolated
and record the kind of action on or in blood agar and the serological
group.

6. Reports of positive blood cultures should, whenever possible, in-
clude the results of colony counts of the pour plates, stating the
estimated number of streptococci per ml.?

In routine clinical material there are frequent specimens from infec-
tions which are mild, apparently inconsequential, transitory, and with-
out any apparent epidemiological significance; reports of the bacteri-
ological examination of such specimens, if streptococci have been
isolated, may reasonably include, in the absence of contrary indications,
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fewer data than the requirements of a complete report call for. Minimal
data should, however, be (1) type of action on blood agar, and (2)
serological group by Lancefield precipitin method.
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I. INTRODUCTION

HE finding and type-differentiation of pneumococci is no longer

one of the major activities of the clinical laboratory. Extensive use
of antibiotics in therapy makes type determination unnecessary and
indeed at times impossible. The basic procedures, however, are useful
and used. Even though specific serum therapy has been superseded,
type differentiation remains the most satisfactory method for identify-
ing the pneumococcus. Moreover, the finding of certain types of
pneumococci by the direct method, as in sputum, is an indication of
the etiology of the infection at hand.

This is not the place for a detailed historical review of the typing
systems and devices. The present classification into 32 standard types
derives almost entirely from the work of Cooper and her associates.!-*
Eddy? is responsible for a system of nomenclature for 75 types but
there is little likelihood that this will be generally adopted. For prac-
tical purposes type identification of strains which occur infrequently
is of interest only to the epidemiologist. From the standpoint of speed
and economy the Neufeld method stands by itself but with this technic,
as with any other, a certain amount of skill and patience is required,
and the work should not be undertaken unless both attributes are
employed. The considerable amount of judgment required in any of
these procedures can only be acquired from experience.

[67]
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Il. COLLECTION OF SPECIMENS AND GENERAL PROCEDURES

The specimens ordinarily employed in the laboratory diagnosis of
pneumococcal infections are sputum and pleural exudate in pneumonia,
spinal fluid in pneumococcal meningitis, peritoneal exudate in pneumo-
coccal peritonitis, and pus in otitis media and mastoiditis. Blood
cultures should be done routinely and frequently in all pneumococcal
infections, for the presence or absence of bacteriemia is a guide to
prognosis, and the organisms found in blood cultures provide the most
satisfactory material for confirming the results of other examinations.

In general the methods employed for the finding and identification
of pneumococci are dictated by the time element and by experience as
to those procedures which are more likely to be successful. In dealing
with materials suspected of containing pneumococci, chances of success
are greatly improved if specimens are immediately conveyed to the
laboratory.

A. SrutUuMm

The specimen of sputum should be collected and sent to the lab-
oratory in a sterile, wide mouth bottle, containing no disinfectant.
Sputum specimens need not be copious.

The greatest care should be taken to obtain sputum as early in the
course of pneumonia as possible. The patient may have difficulty in
raising sputum and may be inclined to dribble a little saliva into the
container, hoping thus to satisfy a perfunctory request that he ex-
pectorate. Persistence on the part of the attendant will often result
in persuading the patient to raise at least a little material. Early in
pneumonia the sputum may be more fluid and watery than it is later,
when it is more often muco-purulent and may be blood-streaked or
blood-stained (“rusty ’). If the specimen is all or mostly saliva, re-
quest another specimen, for an examination of salivary specimens is
often unsatisfactory.

It is of the greatest importance that sputum (or any other specimens)
be obtained before therapy is instituted. With adequate antibiotic
administration, as with penicillin, it becomes increasingly difficult to
obtain significant results—indeed, within a few hours after the first
large amount has been administered it is almost useless to examine
sputum. If typing of pneumococci is obtained with such material,
however, one may suspect either inadequate therapy or the presence
of a “resistant ”” organism. The converse is definitely not true. Therapy
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cannot be regulated on this basis. Essentially the same things are true
with sulfa drugs but the time interval is perhaps longer.

If the sample of sputum is of watery consistency and can be handled
without undue stringing when tried with the platinum loop no further
preparation is necessary. If, however, the specimen is mucoid it is
necessary to emulsify in saline since otherwise proper mixture with
immune serum cannot be obtained. Draw up 4.5 ml. of sterile saline
into sterile syringe, then draw up 0.5 ml. of sputum. Use a sterile
Petri dish and work mixture in and out of syringe about 10 times or
until completely mixed. Methods employed for the examination of
sputum are:

1. Microscopic Examination—It is the practice in some laboratories
to examine a Gram-stained preparation of sputum. This is not recom-
mended, for it serves no useful purpose.

2. Culture on Blood Agar—The sputum is streaked on the surface
of a blood agar plate (C.M. No. 33) by the triple streak method. This
is a necessary procedure, not for the recovery of pneumococci. but to
determine the presence of other significant bacterial forms.

3. Dircct typing—As hereafter indicated.

4. Should direct typing fail, some method for increasing the number
of pneumococci must be employed. The method of choice is that of
mouse inoculation. If mice are not available the material may be
inoculated into dextrose blood broth (** Avery tube ™).

B. THroOAT SwABS

Adults with an early pneumonia, and children at any stage of the
disease may be truly unable to raise sputum. In such cases, a sterile
throat swab should be introduced into the pharynx. If the patient
coughs, a fleck of sputum may sometimes be caught on the swab; if
not, the pharynx is swabbed.

The swab should be introduced into a tube containing 3 ml. of
tryptose phosphate broth (C.M. No. 12) and incubated for 2 hrs. at
37° C. The broth may show sufficient pneumococci for direct typing.
but generally best results are obtained by mouse inoculation.

Saliva and Throat Washings for Dctermination of Carrier Types—
These materials should be inoculated directly into mice. Tt is true that
this method serves to isolate only mouse virulent forms but other
methods are not effective.
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C. SpiNaL FLum

This should be collected, with aseptic precautions, in a sterile tube.
Microscopic examination should determine whether typing is justified.
Typing by the Neufeld method may nearly always be achieved directly
with the specimen or with the sediment obtained by centrifuging. If
the specimen is old, mouse inoculation may be necessary.

D. PreuraL FrLump, PEriToNEAL ExupATE, Pus, VoMITUS, ETC.

Microscopic examination should determine whether typing is justified.
If the number of organisms is great the material should be diluted. If

microscopic examination is negative, mouse inoculation should be under-
taken.

E. SwaBBeD SPECIMENS FROM EvEs, EArs, SINUSES, ETC.

Swabs are planted in tubes containing 5 ml. of dextrose blood broth
and incubated for 3 hrs. at 37° C. Microscopic examination will deter-
mine if direct typing is justified. Mouse inoculation should be re-
sorted to in case of doubt.

F. PostMORTEM TISSUES

Bits of tissue are planted in broth and incubated 3 hrs. at 37° C.
Best results are obtained by mouse inoculation. If the tissue is soft
the exudate may be used for direct typing. Dilution is necessary.

G. BrLoop CULTURES

Blood should be collected with a sterile syringe in such amount as
is required for whatever cultures are to be made. In many clinics both
fluid and solid cultures are used. Any broth of good quality may be
used such as C.M. No. 12. Blood agar base Difco is an excellent basis
for plate cultures. Care must be taken that the agar has heen melted
and then properly cooled before venipuncture is undertaken. The
amount of blood (usually 1 ml.) is introduced into a sterile Petri dish
and the cooled agar quickly introduced. Mixing can be obtained by
quick twirling of the plate.

Pneumococci may be typed directly from an original positive fluid
culture, but certain precautions are necessary, particularly if the cul-
ture has a heavy growth. The culture must be diluted so that there
are not more than 50 organisms per microscopic field. If typing fails
a mouse should be inoculated. This failing, cultural methods must be
employed to determine if the organism is a pneumococcus.
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Typing from blood agar pour plates is difficult. The plates serve best
in a prognostic sense, the fluid cultures for type determinations.

Ill. TYPE IDENTIFICATION

Pneumococcus typing is essentially a two-stage process. The first
stage, which may frequently be omitted because of the nature of the
specimen, consists in obtaining pneumococci in such numbers that one
is warranted in proceeding to the second stage, which consists in de-
ciding to which one of the usual 32 types the particular strain belongs.
Although it may be slightly illogical, the typing methods are presented
first because all specimens require this; while the isolation and cultural
methods are applied to only a portion of the specimens received.

For purposes of type identification only one general method is now
used. This system, based upon the Quellung phenomenon of Neufeld
is both accurate and rapid. The Quellung (swelling) is a localized im-
munological reaction in which the capsular polysaccharide of the pneu-
mococcus combines with its type-specific antibody. This combination
results in a characteristic enlargement of the capsular structure.

SpeciFic TYPING SERA

The performance of a series of tests with sera of each of the 32 types
is obviously laborious. In order to facilitate type identification the
sera of certain types are pooled. The system of pools is as follows.

A—Types 1, 2, 7

B—Types 3, 4, 5, 6, 8

C—Types 9, 12, 14, 15, 17, 33
D—Types 10, 11, 13, 20, 22, 24, 34
E—Types 16, 18, 19, 21, 28
F—Types 23, 25, 27, 29, 31, 32

When identification of all the recognized types is performed, it is
customary to do preliminary tests with pooled sera, it being assumed
that lack of reaction with such a pool indicates the absence of pneumo-
cocci of any of the types represented in the pool.

Both the monovalent and the pooled sera should be potent, specific,
and known to be satisfactory for the Neufeld technic. Most labora-
tories will find it more economical as well as more satisfactory to
obtain them from a commercial source, since these sera conform to
the regulations of the National Institutes of Health. The sera should
be kept in the refrigerator when not in use. Laboratories doing only
an occasional typing should obtain fresh sera perhaps once a year.
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TecHNIC OF NEUFELD PROCEDURE

Placement of specimen material—With a small platinum loop pick
up and place on a clean slide (or slides) 6 small drops of the material
to be examined (one drop for each of the serum pools or individual
types within a pool). Large slides (2 x 3 in.) may be used. In placing
the drops, separate them sufficiently so that the preparations will not
run together when the cover slips are put on.

Addition of serum—Add a large loopful of the appropriate serum
pool to each drop. Caution must be used in cooling loop before in-
serting in a serum bottle. In the first series of examinations use the
serum pools, A-F. In the second series use individual type sera as
indicated from results with the appropriate pools.

Addition of stain—Add a small loopful of Loeffler’s alkaline methy-
lene blue to each drop and stir until color mixture is complete.

Covering—Place a clean cover-glass over each mixture. It is not
necessary to use pressure.

Examination—Examine with oil immersion lens using a strong light
but with the diaphragm partly closed.

In a positive reaction the body of the pneumococcus, stained blue,
is seen surrounded by its swollen capsule (See Plate No. 1). The
capsule may be faintly colored but the characteristic feature is its
refractile character, sometimes described as a ground-glass appearance.
The outer margin is skarply defined as a thin dark line. It should be
remembered that some pneumococci have small capsules, others large,
so that mere capsule size must not be mistaken for capsule-swelling.
Reference can be made to other serum combinations which will show
the organisms with capsule but without swelling.

Unfortunately it is usually necessary to traverse many fields in search
of positive organisms. Not even the experienced person can give a
negative verdict without a considerable effort since sputum often con-
tains micrococci which are surrounded by a halo-like area (usually not
a true capsule) and which are easily confused with pneumococci.

If agglutination is observed but no definite capsular swelling is
obtained, the set-up must be repeated using less suspected material
and a greater proportion of immune serum.

Assuming that a positive has been obtained with one of the serum
pools the next step is to repeat the procedure using the sera of the
individual types which compose the pool.
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Prate No. 1

NEUFELD TYPING

A. Appearance of positive reaction showing swollen capsules in preparation with
serum of homologous type

B. Appearance of negative reaction showing capsules not swollen
Time required: usually five to thirty minutes

From Pneumonia and Serum Therapy. Lord and Heffron (2nd ed.).
New York: Commonwealth Fund, 1938.
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Speed of reaction—DPositive reactions are usually evident within a
few minutes. If all results are negative it is well to repeat the micro-
scopic examination at the end of one hour. Slow reactions may be due
to one or more of several causes, among which are low titer of serum
or a disproportionately large number of pneumococci.

Cross-reactions and reactions to two or more types—With certain
sputa, positive reactions will be obtained with sera of two or more
types. This may be due to the presence of two types of pneumococci
in the specimen, or to the presence of a single type which reacts with
a heterologous as well as the homologous serum. The incidence of
cross-reactions is dependent on the sera used and should be largely
avoided by the use of properly tested sera. Certain cross-reactions
may be due to actual relationships between different types (2 and §,
3 and 8, etc.), in which case repetition of the test with serial dilutions
of the monovalent sera may aid in determining the true type. A
finding of two types should be confirmed by repeating the test on the
same or another specimen, by mouse inoculation, by blood culture,
etc. If other lots of serum of the types involved are available, the
test might be repeated with these.

Mouse Inoculation—If the material has a poor content of pneumo-
cocci and/or if direct typing fails the material should be inoculated
into a mouse. Mice weighing 16-24 gm. are suitable. In the case of
sputum the material should be emulsified in saline as already described.
Inject 0.5 ml. intraperitoneally. At 4-5 hours after inoculation the
peritoneal fluid of the mouse will usually show abundant pneumococci.
The peritoneal cavity is tapped with the use of a sterile capillary
pipette. A rapid insertion is made and the capillary slowly withdrawn.
At one point in the withdrawal a fair amount of fluid will enter. This
fluid may be mixed with 4 volumes of saline if necessary to obtain
sufficient quantity: Type directly.

Should the mouse remain apparently well and show no organisms on
peritoneal puncture, it should be killed at the end of 48-96 hours and
cultures made from peritoneal cavity and heart’s blood.

The use of mouse inoculation requires critical interpretation in the
case of sputum since all sputum samples are contaminated with material
from the mouth and throat. If typing is obtained within 6 hours
after inoculation the organism was probably derived from the sputum.
If obtained at a later time it must be considered possible that the type
obtained represents the normal carrier type. At least 40 per cent of
all individuals are pneumococcus carriers.
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IV. GENERAL BACTERIOLOGICAL PROCEDURES

Gram-positive cocci in pairs or short chains which give characteristic
serological results in a typing procedure are so generally accepted as
pneumococci that the determination of cultural characteristics is usually
considered unnecessary. Organisms which morphologically resemble
pneumococci but which fail to react with standard typing sera may be
examined as follows:

1. Isolation of pure culture

Streak blood agar plates (C.M. No. 33) and after 24 hours’ incuba-
tion pick to blood broth from colonies which are small, translucent, with
well defined edges and which are surrounded by a small zone of greenish
discoloration. The subcultures should be examined as to morphology,
for the pneumococcus not infrequently is involved in a “ mixed ” colony,
especially with H. influenzae, and the separation is sometimes trouble-
some.

2. Typing

From typical subcultures prepare a dilution of 1-1,000 in broth and
inoculate mice. Attempt typing. It should be pointed out that stock
cultures in blood broth frequently fail to give significant capsular
swelling and that mouse inoculation serves to give suitable material
for typing.

3. Bile solubility

For best results with this test, cultures should be grown in a buffered
nutrient medium such as tryptose-phosphate broth (C.M. No. 12). An
unbuffered medium containing considerable amounts of fermentable
sugar is completely unsuited for this procedure since clearing is not
obtained except in the general range of neutrality. Media containing
undenatured protein are also undesirable.

Set up two small tubes, one with 0.1 ml of 10 per cent sodium
desoxycholate (or whole sterile ox bile) and one with 0.1 ml. of saline.
To each add 0.4 ml. of suitable culture. Incubate at 37° C. and
observe after one hour. With a pure culture of pneumococci, the organ-
isms will have gone into solution and the fluid will be completely
cleared.

Various modifications of this procedure have been proposed, par-
ticularly in the use of microscopic technics, but the standard method
remains the most suitahle,
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4, Fermentation reactions

It was at one time required by definition that pneumococci ferment
inulin as well as dextrose, lactose, and sucrose, but these tests are
rather too troublesome for routine purposes. If fermentation is to be
attempted the effort should be coniined to inulin.

The most satisfactory medium is Hiss serum water containing 0.5
per cent inulin and a suitable indicator (C.M. No. 57). Pneumococci
usually give fermentation of inulin with the production of acid (and
consequent coagulation). If the results are negative it is necessary to
prove by microscopic examination that growth has taken place for
failure of multiplication is the most common source of error.

S. Stock cultures

If it is desired to maintain a given strain for any purpose a consider-
able amount of attention must be devoted to the problem of preventing
variation. Virulence can usually be kept high by transferring in rabbit
blood broth at 48 hour intervals, the cultures being kept at 37° C. at
all times. For lyophilization a satisfactory result can be obtained by
resuspending centrifuged organisms in a sterile 10 per cent solution
of amigen (or other casein digest) in distilled water. The dried
material has fair stability at room temperature but for best preserva-
tion, storage at 4° C. is preferable. An older and still satisfactory
method involves the drying of infected mouse spleens over phos-
phorous pentoxide.

V. INTERPRETATION OF RESULTS

Although theoretically a laboratory might well confine its efforts to
the making of examinations, and leave the interpretation of its findings
to the attending physician, this is not always possible. No particular
difficulty arises in interpreting the results of examinations of blood,
spinal fluid, or pleural fluid, for pneumococci are or are not found;
and when found, may be accepted as the infecting agent.

Any of the different pneumococcus types may be found in the sputa
of normal persons, or in the sputa of patients with pneumonia due to
other bacteria, filterable viruses, rickettsiae, or parasites. Atypical
clinical manifestations or positive evidence of other types of acute
pulmonary infection are of primary importance for determining the
lack of significance of pneumococci in sputa in such cases. Most lobar
pneumonias involve pneumococci, however, and the following sugges-
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tions are made as to the interpretation of the finding of pneumococci
in sputum from typical pneumonia cases and where interpretation is
sometimes most difficult.

1. No pneumococci found

If the patient’s condition suggests a pneumococcal infection, another
specimen should be examined, and a blood culture taken. The possi-
bility of pneumonia of streptococcal or other etiology should also be
kept in mind, but should not preclude further search for pneumococci.
It is also necessary to consider the fact that after the use of antibiotics
(or sulfa drugs) it may become impossible to demonstrate pneumococci:
The time element is referable to the intensity of the therapeutic meas-
ures.

2. Pneumococci found, but types not determinable

With satisfactory antisera this should not occur often. The (sus-
pected) pneumococcus should be isolated in pure culture for determina-
tion of bile solubility and for further study (see Section IV, 1
Methods for Cultural Identification). Do not report an organism as
pneumococcus unless it is bile-soluble. Another specimen should be
examined on the chance that a recognizable type has been missed.

3. Pneumococci found, belonging to a single type

These can usually be accepted as the etiologic agent, particularly if
the type is one of those commonly found in pneumonia and if the
demonstration has been direct or from mouse material obtained within
6 hours of inoculation. It should be remembered that pneumococci
are at times oral saprophytes, and that in persons who have a pneu-
monia, due, say, to Type 1 organisms while carrying such a saprophyte,
it is possible to find the saprophyte and overlook the pathogen. There-
fore, repeated examinations are desirable in all cases and especially so
whenever the less common types are found or when Type 3 is the only
type recognized.

4, Pneumococci of two or more tvpes found

It is in this situation that interpretation is most difficult. Pending
the results of blood culture examination, a decision as to the most
likely agent or agents should be based on the points made in the
preceding section and possibly upon the relative numbers of each type
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found in the direct typing of the sputum by the Neufeld method. No
hard and fast rules can be laid down at present, but some examples may
indicate the line of reasoning to follow. If Type 1, which is rarely
found except in pneumonia patients or those closely associated with
them, and Type 3, which is not uncommon in the normal mouth, are
both recognized in the same sputum, the disease is more likely due to
Type 1 organism. If any combination of Types 1, 2, 5, and 7 is found,
it is probably impossible to estimate, on the basis of sputum examina-
tion alone the relative importance of the types found. Purely on the
basis of chance, Types 1, 2, 4, §, 6, 7, 8 (and, in children, 14) are more
likely disease producers than Types 25-32. Types 3, 6, and 23 are
common mouth contaminants but they both can and do cause pneu-
monia.

Repeated bacteriological examinations should again be stressed as
of the utmost value in arriving at an accurate estimate of the relative
importance of the types found.
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I. INTRODUCTION

A. DEFINITION AND DIAGNOSTIC CHARACTERISTICS

The laboratory diagnosis of meningococcus infection is based chiefly
upon the isolation and identification of the meningococcus (Neisseria
meningitidis). Therefore, it is important that the laboratory worker
have a clear definition of this microorganism, know the conditions under
which its characteristic properties may be demonstrated, and when
they may be masked. Such a definition may be given briefly as follows:

“ The meningococcus is a Gram-negative coccus, usually occurring in
pairs with flattencd adjacent sides, which ferments dextrose and maltose
with the production of acid.”

The cocci may occur singly or in groups, and the individual cells of a
pair often vary greatly in size and in intensity of staining, though they
are always Gram-negative when properly stained. Strains that fail to
ferment maltose or dextrose, or both of these sugars, when they are
first isolated, may be encountered. Such strains usually acquire this
property sooner or later, though it may be lacking at a time when it is
desired to make a diagnosis of meningococcus infection.

Four other characteristics may be included in the definition in order
that they may be discussed: Characteristic colony formation, lack of
pigment production, growth only at body temperatures, and agglutina-
bility by polyvalent antimeningococcus serum.

As a rule the smooth translucent colonies are quite characteristic,
but occasional strains of true meningococci are found that immediately
after isolation may have colonies as large as a dime, very convex, or
even opaque.

There are four recognized species of the genus Neisseria that produce
a golden yellow pigment. The meningococcus never produces such a
yellow color.

That meningococci grow only at body temperature is, as a rule, a
safe generalization to make. Strains are encountered, but rarely, that
grow well at room temperature.
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Many strains seem’to be inagglutinable when they are first recovered
from patients. Practically all of these can be coaxed to agglutinate
later, though they do not do so at the time when agglutination is useful
as a criterion in diagnosis. The significance of this seeming inagglutina-
bility will be discussed later. Many experienced workers do not con-
sider agglutination necessary for identification of the meningococcus.

A more complete definition of the meningococcus may be given thus:
“A Gram-negative coccus, usually occurring in pairs with flattened
adjacent sides, which ferments dextrose and maltose with the produc-
tion of acid, forms characteristic colonies, does not produce pigment,
usually grows only at body temperatures, and is, as a rule, at some
time agglutinable by polyvalent antimeningococcus serum.”’

Microdrganisms having all of the above characteristics are certainly
meningococci, but not all meningococci have each and every one of
these characteristics.

B. DISTRIBUTION AND SIGNIFICANCE

The normal habitat of the meningococcus is the nasopharynx. In
meningococcus infection it may be found in the cerebrospinal fluid
either intracellularly or extracellularly, in the blood, or in the petechiae
of the skin; its recovery therefrom can be taken as definite evidence
of meningococcus infection; but its recovery from the nasopharynx
may have a very different, or no significance. Many persons harbor
the meningococcus in the nasopharynx, or possibly in the accessory
sinuses, for periods varying from a few days to a number of years;
sometimes few microrganisms are present, at other times they are
predominant. A series of cultures from a given individual may show
several in succession that seem completely negative, followed by others
that yield the meningococcus in almost pure culture. Carrier surveys,
in which a single nasopharyngeal culture is made from each individual,
give little information as to the identity of actual carriers in the groups
studied. If an inexperienced worker is taking the cultures and the
culture medium is not exactly as it should be, many carriers will be
missed.

C. CLASSIFICATION *

The meningococcus, identified in 1887 by Weichselbaum! as the

cause of epidemic meningitis, was considered a homogeneous species

* A revision of the classification of the weningococcus by the Neisseris Sub-committee of
the Nomenclature Committee of the International Association of Microbiologists is now in
progress.
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until Dopter,? in 1909, isolated a strain which differed serologically
from the original. Dopter called this the parameningococcus. Inten-
sive work done during World War I indicated that there were two
main groups of meningococci and led the French to speak of Group A
and Group B,? the British equivalents being I and II.* Gordon and
Murray,® using the agglutinin absorption technic, divided the two
groups into four types, Types I and III from Group I, and Types II
and IV from Group II. The studies made during the years since that
time have emphasized the close relationship between Types I and III
and have justified their being put together as Group I. But, in the
United States at least, the evidence available does not suggest a similar
combining of Types II and IV. Strains of Type IV have not been
encountered here since 1928, and those studied at that time seemed
unrelated to Type II. There are serological as well as other differences
among strains classed as Type II, as has been pointed out by Rake?
so that the designation Group II seems entirely applicable. In this
report the term Group I is used to include Types I and III, and Group II
to include all other strains that are agglutinated by a serum repre-
senting Type II.

Recently a number of strains that seemed related to Group II by
agglutination, have been found on further study to show constant dif-
ferences.” Immunologically they are an independent and homogeneous
lot. They produce sera that protect mice well against infections by
meningococci of their own group, but there is no cross-protection with
sera representing other groups. Because of the agglutinogenic relation
to Group II meningococci it has been suggested that, for the present,
they be designated as Group II alpha® following the precedent set by
Dopter in his studies of the  parameningococcus ” since designated as
Group II. , Further study may indicate this designation undesirable
since the relation to Group II is very superficial. The true position of
these newly recognized II alpha strains needs clarification as does
also that of the American “ Type” IV. Some nasopharyngeal strains
do not seem to fall into any of the known groups.

When cultures of meningococci are “typed,” confusion need not
result if the above relationships are kept in mind. Specific strains
representing the Gordon-Murray types are available, and type specific
sera can be prepared. It must be remembered, however, that most
“typing ” sera are really “ grouping” sera. The same specific carbo-
hydrate is found in Types I and III, and it is difficult to prepare sera
which will not “ cross.” For practical purposes “ grouping ” is adequate
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since Types I and III (Group I) have the same clinical and epidemio-
logical behavior, and this is often different from that of the strains
of Group II. More accurate typing is sometimes desirable from an
epidemiological point of view.

The importance of serological classification of cultures from patients
and from carriers is frequently underestimated. More than 90 per
cent of cases of meningococcus infection during epidemics are due to
Group I,? whereas Group II is more often responsible for sporadic cases.
By far the greater number of carrier strains recovered during non-
epidemic times are of Group II. Chronic carriers are especially apt to
harbor Group II. It is not to be forgotten that while such grouping
as that noted above is a practical necessity, the epidemiologist may have
occasion to demand finer differentiation. In his search for the origin of
an outbreak the results of close type separation may give him a clue of
definitive value. This point is well illustrated in the identification of
differences among typhoid bacilli, and their epidemiological associations,
as reported by Craigie.!”

D. QUARANTINE AND RELEASE OF CAsES AND CARRIERS

In considering the question of quarantine and release of contact and
convalescent carriers or patients, the facts just discussed are funda-
mental; unless the conditions under which the carrier examination is
made are ideally controlled the results are certain to be misleading.

During recent years it has been shown that carriers may usually
be cleared by the administration of a course of sulfadiazine.!' Quaran-
tine and release of cases and carriers has been much simplified by
this development.

Il. SPECIMENS TO BE EXAMINED AND THE!R TRANSPORTATION

A. COLLECTION OF SPECIMENS

Material submitted for laboratory examination usually consists of
spinal fluid, blood, and swabs from the nasopharynx. Occasionally
material from petechiae in the skin is examined. Since the disease
usually begins as a blood stream infection, blood for cultures should
be taken early, just as soon as a meningococcus infection seems to be
a possibility, and without waiting for meningeal symptoms to appear.
It is usually drawn from the basilic vein. Citrate, in final dilution of
1 per cent, is added only when cultures cannot be made at the bedside.

With the development of meningeal symptoms spinal fluid should
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be drawn without delay, though the wisdom of taking such a sample
prior to the appearance of symptoms is questioned. The time for
tapping the spinal canal must be decided by the clinician who will
remember that success in treatment depends largely upon early
diagnosis.

Spinal fluid is usually obtained by lumbar puncture, the special
needle for this purpose being inserted in the 3rd or 4th lumbar space.
The size of the needle used depends to a certain extent upon the size
of the patient, though sometimes a very thick and viscid fluid will
make a large needle necessary in a child. An 18 gauge needle, 3 or
4 inches long, is the size in common use. In cases where the spinal
canal is blocked, cisternal puncture may be resorted to, and special
needles are made for this purpose. This is not often necessary for
early diagnostic puncture. Ventricular puncture may be done if the
fontanelle is still open.

The spinal fluid should be collected directly into at least three sterile
tubes. This is imperative when the first fluid is blood tinged, for the
presence of blood interferes with some of the examinations to be made.
The third tube is to be used for cultures. and the second for cell counts.
glucose determinations, and other chemical tests. Some spinal fluids
contain enough fibrin to clot quickly. If convenient, it is wise to draw
some into a tube containing a crystal of citrate or oxalate for total and
differential cell counts. The amount of fluid withdrawn. whether or
not it is under increased pressure. and its appearance, i.c., whether
blood tinged or yellow, the degree of cloudiness, etc., should be
recorded: the fluid, kept constantly warm, should be sent immediately
to a laboratory for examination. Bedside culturing is desirable when
feasible. In some hospitals a few drops of the spinal fluid are allowed
to drip directly through the needle into tubes of culture media.

In cases of meningococcus infection where petechiae are abundant
and diagnosis is doubtful, material taken directly from these spots with
a fine Pasteur pipette or with a hypodermic needle may be examined
microscopically and often successfully cultured. Post-mortem examina-
tion of such areas, both bacteriologically and histologically, has proved
at times to be the only successful means of accurate diagnosis.

Nasopharyngeal cultures are usually made for the purpose of de-
tecting carriers, and are seldom routinely made from patients with
active infection; though it is likely that through such omission
interesting information may be missed. Collection of nasopharyngeal
material is described in detail in IV, D.
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B. TRANSPORTATION OF MATERIAL

As a rule blood cultures are made at the bedside. Where this is
impossible the sample of blood, citrated or otherwise, is transported
as quickly as possible to the laboratory. Spinal fluid cultures are also
often made at the bedside. In other instances the spinal fluid is carried
to the laboratory at once also, and both blood and spinal fluid should be
kept as near body temperature as possible in transit. Sometimes these
materials will have to be shipped; the meningococcus will occasionally
be recovered from them even after long journeys; but the greater the
time elapsed and the more variable the temperature, the less likely it is
that positive results will be obtained. For cultures from shipped fluids,
more than 24 hours old, large inocula are used.

Nasopharyngeal swabs should be cultured immediately from the indi-
vidual who is being examined. If this is impossible the swab may be
placed in a tube containing 1 ml. of defibrinated horse blood or a

small amount of semi-solid agar medium '* until the laboratory can
be reached.

1ll. PREPARATION OF REAGENTS
A. CuLTUure MEDIA

For isolation of the meningococcus from spinal fluid, the blood agar *
plate (C.M. No. 33) and the tube of semi-solid agar (C.M. No. 56),
with or without enrichment, are the most practical media; for naso-
pharyngeal swabs the freshly poured blood agar plate is the medium
of choice; and for blood cultures, a meat infusion broth (C.M. No. 5).
For fermentation reactions the ordinary semi-solid agar medium with
carbohydrate- and indicator added (C.M. No. 56) is satisfactory.
Should a strain fail to ferment a sugar when the semi-solid medium
is used, recourse may be had to a solid medium, i.e., meat infusion
agar slants (C.M. No. 5a) with carbohydrate and indicator. It will
be remembered that feeble acid producing strains may have this func-
tion completely masked in buffered media. For maintenance of stock
cultures, semi-solid agar, transplanted every 3 to 4 weeks, or serum
dextrose agar (C.M. No. 33b) slants transplanted 2 to 3 times weekly
are used. For maintenance of virulence the latter medium is much

* All agar media used for cultivating the meningococcus should have a meat infusion base.
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better. Egg slants (C.M. No. 54) are also useful for stock cultures as
meningococci may remain viable for a year upon them. Cultures for
preparing suspensions for agglutination tests are grown on agar (C.M.
No. 5a) with 0.5 per cent dextrose or blood slants (C.M. No. 33).

The ‘best way to preserve cultures is to dry them from a frozen
state, as in the “lyophile process” of Flosdorf and Mudd.?* For this
process sterile skimmed milk is an excellent medium in which to suspend
the bacteria.

B. StAINs

1. A smear of the centrifuged spinal fluid sediment stained by Gram’s
method is an important factor in early diagnosis.
2. A differential count of spinal fluid cells is a special aid when
fluids are only slightly turbid. Wright’s stain used as for blood smears,
or May-Griinwald followed by Giemsa may be employed according to
convenience. These may be purchased ready for use.

Various lots of Wright's stain may differ considerably, so that the
time intervals for each step should be worked out for each individual
lot and adhered to.

Directions for making and using these stains are as follows:

Gram's Stain, Huckey's Modification
a. Ammonium oxalate crystal violet solution.

Crystal violet (85% dye content, certified)................ 4 gm.

Ethyl alcohol (95%) ...........ccoiiiiiiiiiiiiiini... 20 ml
Dissolve the crystal violet in the alcohoi.

Ammonium oxalate ............. ...l 0.8 gm.

Water ... 800 ml.

Dissolve thc ammonium oxalate in the water.

b. Dilute the crystal violet solution 1:10 with distilled water.

c. Mix one part of the diluted crystal violet solution with 4 parts of ammonium
oxalate solution.

Gram’'s iodine solution

Todine ..........coiiiiiiiiii 1 gm.
Potassium fodide ........... ... oo, 2 gm.
Water ... ..ot e 300 ml

a. Dissolve the iodine and potassium iodide in the water.
b. This solution dcteriorates on standing and should be prepared freshly at least

every 2 weeks.
Counterstain

Safranin (2.5% solution in 95% alcohol) ................ 10 ml.
B2 7 100 ml.
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Staining Procedure

a. Stain 1 minute with the crystal violet solution.

b. Wash in water.

c. Apply iodine solution for 1 minute.

d. Wash in water.

e. Decolorize in 95 per cent alcohol for 30 seconds with gentle agitation or until
violet dye fails to appear in the alcohol.

f. Apply counterstain for 10 seconds.

g. Wash in water; dry without blotting.

Wright’s Stain
(Many workers prefer to make their own polychrome stains. The rcady prepared
dry stains and the solutions of them are generally satisfactory.)
Methylene blue hydrochloride (certified) .............. 0.9 gm.
Sodium bicarbonate, 0.5 per cent aqucous solution....... 1000 ml.
a. Heat in a steam sterilizer at 100° C. for 1 hour, in a flask large enough so that
the layer of fluid is not over 2 inches decp.
b. Cool and filter.
c. To the filtrate add:
Eosin Y (certified) ...........coiiiiiiiiiiiiiiiiin, 1.0 gm.
Distilled water ............c il 5000 ml.
d. Mix and filter.
e. Collect the precipitate; dry thoroughly at 37° C.
f. Dissolve the dried precipitate in these proportions:
Wright’s stain (dried precipitate) ...................... 0.1 gm.
Methyl alcohol, absolute, neutral, acetone free ........... 600 ml.
g. Filter before using.

Staining Procedure

a. Cover the dried preparation and fix for 1 minute with the methyl alcohol solu-
tion of the stain.

b. Dilute and stain by adding an equal quantity of Sérensen’s phosphate buffer pH
6.5 ; metallic film forms on the surface.

c. Stain for 3-5 minutes.

d. Wash by flooding the slide with distilled water or better with phosphate buffer
solution.

e. Dry by blotting carefully or dry in the air.

Technic for using May-Griinwald and Giemsa stains
A method of using May-Griinwald and Giemsa stains which gives constant re-
sults is as follows:
a.Flood the slide with the stain, leave it on for 3 minutes and then pour it off.
The slide may be washed with distilled water, but it is unnecessary. Do not blot.
b.Pour on the diluted Giemsa (for 1-10 Giemsa 10 minutes is average; for 1-15,
20 minutes is best). The methyl alcohol used for the Giemsa must be acetone
free.
c. Wash thoroughly with distilled water from a wash bottle until the preparation
has a pink color.
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C. REAGENTS FOR SUGAR DETERMINATIONS 14

1. Alkaline Copper Tartrate Solution

a. Dissolve 40 gm. of pure anhydrous sodium carbonate in about 400 ml. of dis-
tilled water in a liter flask.

b. Add 7.5 gm. of tartaric acid.

c. When the tartaric acid is dissolved add 4.5 gm. of crystallized copper sulphate.

d. Mix and make up to a volume of 1 liter.

e. Test for the absence of cuprous copper by transferring 2 ml. to a test tube and
adding 2 ml. of the molybdatc-phosphate solution; the deep blue of the copper
should almost vanish.

f.1f the chemicals used are not pure, a sediment of cuprous oxide may form in
the course of 1 or 2 wecks. If this happens, remove the clear supernatant re-
agent or filter it through a good quality filter paper. Test for copper. This
reagent keeps indcfinitely.

2. Molybdate-Phosphate Solution
a. Transfer 70 gm. of molybhdic acid (C.P., Baker’s analyzed “ special’) to a liter
beaker.

b.Add 10 gm. of sodium tungstate, 400 ml. of 10 per cent sodium hydroxide, and
400 ml. of distilled water.

c. Boil vigorously for 20 to 40 minutes (to remove ammonia present in molybdic
acid).

d. Cool and dilute to about 700 ml.

e. Add 250 ml. of concentrated (85 per cent) phosphoric acid.

f. Make up to a volume of 1 liter.

The solution should be water clear. If it has a yellow tinge the chemicals used
are not pure and there will be an error in the determination.

3. Benzoic Acid

Dissolve 2.5 gm. benzoic acid in 1 liter of hot water and cool. Transfer to a
bottle; the solution will keep indefinitely. Filter as necessary.

4. Standard Sugar Solutions

a. Stock—Weigh 1 gm. of pure dextrose (d-glucose) on an analytical balance and
dissolve in 100 ml. of the benzoic acid solution. This 1 per cenl standard stock
solution keeps indefinitely.

b. Standard Containing 10 mg. Dextrose per 100 ml—Pipette S ml. of stock solu-
tion into a S00 ml. volumetric flask and dilute to the mark with benzoic acid
solution,

c. Standard Containing 20 mg. Dextrose per 100 ml.—Pipette 10 ml. of stock solu-
tion into a 500 ml. volumetric flask and dilute to the mark with benzoic acid
solution.

Diluted standards 2 and 3 should be made fresh every month.
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IV. EXAMINATION OF SPECIMENS

A. CEREBROSPINAL FLuip
1. Collection

This has been collected in 3 sterile tubes as described in II, A. The
last tube is used for cultures, and the second for cell counts and glucose
determinations.

2. Microscopic examination

a. Cell counts on fresh unstained fluid—Cell counts must be made
immediately if they are to be of value. The sample of fluid should be
free from blood, and the cells should be evenly distributed. Usually
the fluid may be placed directly, without dilution, in a counting cham-
ber, 9 large squares counted, and the result multiplied by 10/9 to
obtain the number of cells in 1 cu. mm. If the cells are too numerous
to count by this method, the fluid may be diluted in a “white counting”
pipette, as for a regular leucocyte count. The value of the cell count
is considered doubtful by some.

b. Preparation, fixation, and staining of films for differential count—
A differential count of the spinal fluid cells should also be made at this
time. It is a special aid to diagnosis with fluids that are only slightly
turbid. The predominance of polymorphonuclear leucocytes will aid in
ruling out tuberculous meningitis, poliomyelitis, encephalitis, and
lymphocytic choriomeningitis. With very cloudy fluids smears for this
purpose can be made without centrifugation; if the fluid is only slightly
cloudy it may be centrifuged first and the sediment used. Wright’s
stain, used as for blood smears, or May-Griinwald followed by Giemsa
may be employed.

c. Preparation, fixation, and staining of films for examination of
bacteria—A smear of the centrifuged sediment stained by Gram’s
method is an important factor in early diagnosis. The flattened Gram-
negative diplococci may be abundant, both within and without the
leucocytes; on the other hand, it may require careful search to detect
them, and sometimes they cannot be found. A half-hour is none too
long “to look for them. This stained smear should be made and
examined as soon as possible. A second smear may be stained with
methylene blue, as this dye is especially valuable in revealing
morphology.
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d. Preliminary identification and typing by capsule swelling—Typing
of meningococci directly in the spinal fluid by means of demon-
strating capsular swelling with homologous antisera was suggested
by Clapp !® and further reported by Beckler.!® This technique is now
used routinely in many laboratories. For its success there must be
a sufficient number of meningococci in the fluid to be easily seen, and
best results are obtained if the sample of fluid is drawn before the
patient has had either sulfonamide or serum therapy. Capsules can
be demonstrated for meningococci of Group I and Group II alpha,
but none has yet been reported for Group II strains.

To perform this test a loopful each of serum, spinal fluid, and

methylene blue are mixed together on a cover slip which is inverted on
a slide, incubated in a moist atmosphere for 30 minutes at 37°C,,
and examined microscopically.
e. Evaluation of findings and reporting of results—It is never safe
to jump to the conclusion that any Gram-negative bacteria seen are
meningococci, for the Pfeiffer bacillus (Hemophilus influenzae) is very
pleomorphic in spinal fluid and some Gram-positive cocci may seem
Gram-negative in ‘'such smears. If Gram-negative diplococci are found
they should be reported at once as such, and not called meningococci
without further identification except in those cases where capsule
swelling has been observed. Even in these cases the identity of the
organism should be confirmed by cultural and by further serological
means.

Further identification consists in cultivating the organism on a suit-
able medium, and examining its morphology in pure culture, its cultural
characteristics, and its action upon dextrose and maltose. The identity
of the microdrganism may be reported at this point. Corroboratory
evidence can be obtained by agglutination with polyvalent serum, and
this is especially valuable in the case of strains in which fermentative
powers are not well developed. It must be remembered that some
freshly isolated strains are inagglutinable in some polyvalent sera. It
is not absolutely necessary that the strain should agglutinate with
polyvalent serum in order to be called meningococcus.

3. Cultural examination

a. Preparation of cultures—A generous inoculum should be used:
i.e., from 0.5 to 1.0 ml,, depending on the nature of the fluid, on a blood
agar (C. M. No. 33) plate and into a tube of semi-solid agar (C. M.
No. 56), with or without enrichment. In the field, or wherever blood
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is unobtainable, Mueller’s medium'® may be used (C.M. No. 61)
for isolation and transportation. Centrifuged sediment may be used,
or uncentrifuged spinal fluid when the meningococci seem to be
especially abundant in the stained smear. The spinal fluid itself as a
medium should not be ignored. Incubating it at 35° to 37° C. over-
night often results in a multiplication of the meningococci so that their
detection in smears and their cultivation are made much easier. The
spinal fluids must be kept warm while they await examination. Ideally
spinal fluid should be collected before the patient has been given sul-
fonamides. Actually many samples come from those in whom such
therapy is already established. In these cases para amino benzoic acid
should be added to the culture medium, enough to give a final con-
centration of 5 mg. per 100 mL'" In some laboratories this para
amino benzoic acid is added routinely to all culture media when it
is first prepared.
b. Examination of cultures—Colonies of meningococci on blood agar
plates are usually characteristic in appearance, being smooth and
translucent, and often much larger than textbook description would
lead the reader to believe. Growth may be confluent. Colonies may
be picked to semi-solid medium (C. M. No. 56), or to blood agar
(C. M. No. 33) or serum dextrose (C. M. No. 33b) agar slants or to
slants of Mueller's medium (C. M. No. 61).

On semi-solid agar the meningococci grow as a pellicle at the surface
of the medium.
c. At this point the microdrganisms may be reported as Gram-nega-
tive diplococci of typical Neisserian morphology, but they should
not be reported as meningococci until identification of the pure culture
is complete.

4. Chemical tests

Quantitative determinations of sugar in spinal fluid are done
routinely in many laboratories and are considered important, not only
as an aid in diagnosis, but in prognosis and in following the course of
the infection. The amount of sugar is decreased in various forms of
purulent meningitis, whereas it remains normal or is increased in polio-
myelitis, epidemic encephalitis, or lymphocytic choriomeningitis. The
normal amount is 40 to 60 mg. per 100 ml. Persistent low sugar content
of spinal fluid in meningococcus meningitis is considered to be indicative
of a poor prognosis, and an increase toward the normal is thought to
be an encouraging sign. There are several points to remember in the
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interpretation of the sugar findings. One is that when spinal fluids are
allowed to stand, almost any bacteria will use up the sugar present.
Another is that there may be reducing substances other than sugar
present. A third is that there is a relation between the sugar content
of the spinal fluid and that of the blood.

a. Quantitative estimation of sugar in cerebrospinal fluid—It must
be remembered that sugar determinations cannot be made in a blood-
tinged fluid. If the cerebrospinal fluid contains a little blood, centrifuge
it and use the clear supernatant fluid. The following adaptation of the
method of Folin and Wu!® to cerebrospinal fluids is taken from the
laboratory manual of Kolmer and Boerner.'*

Principle

Proteins present are precipitated by tungstic acid and determination
is carried out by the Folin-Wu method, using 1-5 dilution of filtrate.

Procedure

(1) Pipettes and test tubes must be absolutely clean and dry or the
error will be large.

(2) With a 1 ml. pipette transfer 1 ml. of spinal fluid to a clean, dry
test tube.

(3) Add, with a pipette, 3 ml. of distilled water.

(4) Using a graduated 1 ml. pipette, add 0.5 ml. of 10 per cent
sodium tungstate.

(5) Add 0.5 ml. of 24 normal H.SO;.

(6) Mix well and let stand 5 to 10 minutes.

(7) Filter.

(8) Pipette 2 ml. of the clear filtrate into a Folin-Wu sugar tube and
proceed as follows:

(9) To a similar tube, add 2 ml. of standard sugar solution 2 con-
taining 10 mg. dextrose per 100 ml. and to a third add 2 ml. of
standard sugar solution 3 containing 20 mg. dextrose per 100 ml.

(10) To each tube add 2 ml. of alkaline copper tartrate solution.

(11) Transfer the tubes to a boiling water bath and heat for 6
minutes.

(12) Cool for 2 to 3 minutes in a cold water bath without shaking.

(13) Add to each tube 2 ml. of molybdate-phosphate solution.

(14) Let stand for 3 minutes; dilute the resulting solution to the
25 ml. mark.
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(15) Insert a rubber stopper and mix.

(16) Compare in a colorimeter with the nearest matching standard
set at 20. The 2 standard is adequate for practically all cases.

(17) Calculation:

Using standard 2 which contains 10 mg. dextrose per 100 ml.

20
;50 = mg. dextrose per 100 ml. fluid. R = Reading.
Using standard 3 which contains 20 mg. dextrose per 100 ml.
20x 100
_0 ; = mg. dextrose per 100 ml. fluid.

5. Serological test for syphilis

A routine Wassermann test should be performed on the first speci-
men of cerebrospinal fluid taken from a patient suspected of having
meningococcus meningitis. The results of this test when correlated
with the blood test, history, and physical findings may make clear the
diagnosis in an otherwise puzzling case. The serological test per-
formed on the cerebrospinal fluid after serum has been administered
is not reliable due to the frequency of false-positive reactions.

B. Broop

It is becoming more and more common to make blood cultures as
an aid to diagnosis in meningococcus infections. Especially are these
of value in very early cases, and in those without meningeal symptoms.
These should be made as soon after the blood is drawn as possible,
preferably at the bedside. About 5 to 10 ml. of blood, drawn into a
sterile syringe from a vein, is added to 100 ml. of warmed infusion
broth (C.M. No. 5) in a 250 ml. flask. This gives a relatively large
surface, which is desirable, as the meningococcus tends to grow at the
surface. Semi-solid agar (C.M. No. 56) gives good results also, as
meningococci often grow more easily in it than in liquid media.
Numerical results may be obtained by adding the blood to infusion
agar (C.M. No. 5a) melted and cooled to about 45° C., mixed, and
poured into Petri dishes. Addition of 0.1 to 0.2 per cent dextrose to
these media may enhance the growth. When initial cultures are
obtained, identification of the organism procecds as usual.

C. PETECHIAE

Although meningococci are present in the petechiae, isolation from
them is seldom attempted. Material may be withdrawn with a fine
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Pasteur pipette or a hypodermic needle, stained smears prepared,
and cultures made in semi-solid agar. Occasionally, after death,
examination of petechiae allows a diagnosis when other methods are
unsuccessful, especially in fulminating cases which have died without
showing meningeal symptoms and from which no blood cultures were
made. The microdrganisms may be seen in properly stained sections
(Gram), and they may often be cultivated if the tiny bit of skin is
placed in semi-solid media.

D. NASOPHARYNX

Few hospital laboratories make nasopharyngeal cultures from cases
of meningitis routinely. Therefore, we do not know how constantly
and for how long they harbor the meningococcus in this region. It
can be said, however, that those who have looked for it here during
the course of the disease have usually found it. Nasopharyngeal cul-
tures have more frequently been made for the purpose of detecting
carriers. In either case, the technic is the same, and is described in
great detail in many manuals. Carrier studies should not be under-
taken unless they can be made under proper conditions and followed
through intensively and completely.

1. Collecting the material
Equipment

Wooden tongue depressors
Cotton swabs applicd to wooden applicators *

These should be of 2 sizes: small ones for the nasal passages, and
larger ones for the nasopharynx
A head mirror or lamp

A cellophane face mask (as suggested by Lombard and Pittman)
Plates of freshly poured blood agar (C.M. No. 33)

It is important that the medium be firm but moist. Meningococci
require abundant moisture for their growth. As noted below, the
plates should be incubated inside museum jars with wet cotton at
the bottom and with the lid fitted on closely.

Procedure

When a carrier survey is to be made the demand that the work be
expedited results in constant temptation to take short-cuts. Any
yielding in such direction is fatal. No procedure requires more strict

* Many prefer a wire swab with the cotton covered end bent at an angle.
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attention to every detail. When the work cannot be done thoroughly it
should never be attempted, for the results will, without any qualifi-
cation, be misleading.

Those who are to be examined come before the bacteriologist in
single file in a quiet and orderly manner. They need not be seated,
but stand in front of the operator who requests that the mouth be
opened wide. The dorsum of the tongue is held down, the applicator
put inside the mouth, and the subject asked to phonate vigorously.
This raises the uvula and permits the swab to be passed under and
beyond it. Now, by lifting the uvul> more and at the same time
lowering the hand, sometimes by using the lower teeth as a fulcrum,
the swab is easily pushed up against the posterior nasopharyngeal
wall—the region where the nidus of meningococci seems most likely
to be. Now, while the swab is pressing gently against the mucous
membrane, it is given a slight twirling motion: this tends to wind up
some of the local mucus on the swab. Then the swab is withdrawn
quickly without its tip coming into contact with anything. The entire
procedure requires only two or three seconds.

For specimens to be collected through the nostril, the procedure is
simple. The subject is told to look straight ahead and not to throw
his head back. The tip of the nose is raised slightly with one hand
and with the other the swab is passed along the floor of the nasal
passage until it meets the posterior wall of the nasopharynx. A gentle
twirling motion seems to cause the swab to wind up on itself the mucus
and exudate required. 1If at any time during this procedure the subject
begins to move his head around, merely drop or let go of the applicator:
the promise to take it out for him without hurting him generally induces
him to cooperate.

As to which—throat or nasal cultures—are likely to give better
results, there is no definite answer. Sometimes one will be positive
and the other negative. It is probable that two throat cultures or two
nasal cultures would give about the same averages. When such thor-
oughness is possible both a throat and a nasal culture should be made.

2. Plating out material

The blood agar plate (C.M. No. 33) is the medium of choice for the
isolation of the meningococcus from the nasopharynx. Where blood is
unobtainable Mueller’s medium (C.M. No. 61) can be used. Inocu-
lation of the plate from the swab is done variously by different workers.
The technic used by Rake ® in his carrier studies is recommended. The
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tip of the swab is brought gently into contact and smeared on the blood
agar over a very small area at one edge. Then a fresh, clean, sterile
swab is taken and with it the inoculum is spread over one-half of the
plate, the excursions back and forth across the plate being made very
close together or overlapping; a second fresh swab now spreads the
material at a right angle for another one-fourth of the plate; and a
final swab is used at a right angle to finish covering the surface of the
plate with the progressively decreasing inoculum. Platinum loops may
take the place of the swabs after the plate has received the initial
inoculum. These plates are incubated for 24 hours, after being placed
inside museum jars with wet cotton beneath them. When such jars
are not available some other method should be improvised which will
insure a very humid atmosphere.

3. Fishing of colonies for further study

On the usual blood agar plate (C.M. No. 33) the translucent meningo-
coccus colonies are easily distinguished from those of the commoner
inhabitants of the nasopharynx, except for the other members of the
genus Neisseria, which are often confused with those of the meningo-
coccus. The yellow pigment of the chromogenic species is often slow
in appearing. It must not be forgotten that occasionally meningococcus
colonies may be very large.

Differentiation of the meningococcus from other Neisseria often
requires careful cultural, biochemical, and serological studies. This
makes carrier detection a laborious procedure.

Sometimes the proportion of meningococci to other bacteria in the
nasopharynx will be very small: at other times it may be found in
practically pure culture.

The suspected colonies are ringed, transferred to blood agar or serum
dextrose agar slants (C.M. No. 33b), and incubated at 35°~37° C. The
next day the growth is stained by Gram's method, and if it shows
typical Neisserian morphology, cultures are made to test its fermenta-
tion reactions; it is transferred to semi-solid agar to keep it alive for
future use, and the remainder of the 18-24 hour growth is suspended
in salt solution to use for agglutination with both polyvalent and type
or group sera. The most specific results of agglutination are obtained
with 5-6 hour cultures. If slide agglutination is used at this stage, it
should be confirmed later by the test tube method. The “ oxidase re-
action” may be of some value with nasopharyngeal cultures as it fa-
cilitates the recognition of the genus Neisseria. It is discussed later.
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If the virulence of the culture is to be studied it should b.e kept on
serum glucose agar slants (C.M. No. 33b) and transferred twice a week,
or on blood agar slants (C.M. No. 33), and transferred every other

day.
V. IDENTIFICATION OF PURE CULTURES

A. BACTERIOLOGICAL

When the Gram-negative diplococci of typical morphology are
obtained in pure culture, it is necessary to carry their identification
through to completion, for all members of the genus Neisseria have a
similar morphology, and species other than meningitidis are occa-
sionally encountered in meningitis.

Colonies of the meningococcus are smooth, round, and translucent
with a tendency to confluence when they are abundant. Usually they
are 2-3 mm. in diameter, but they may be much larger, even 1 cm.

The only other member of the genus Neisscria that produces such
trahslucent colonies is the gonococcus (Neisseria gonorrhoeae). These
are usually smaller, growth is less luxuriant, and there is less tendency
to confluence.

Colonies of Neisseria catarrhalis are more opaque and white, whereas
those of Neisseria sicca are so dry and adherent that they are either
taken up entirely by the inoculating needle, or can be pushed about.

Colonies of the pigmented members; i.c., Neisseria flava, Neisscria
subflava, Neisseria perflava, and Neisseria flavescens, may resemble
the meningococcus on the first day, but they gradually become more
opaque and develop a yellow color.

Fermentation reactions are useful in identifying members of this
group of bacteria. The meningococcus produces acid in dextrose and
maltose. Individual strains vary greatly in both the actual and relative
amounts of acid produced from these two sugars, and sometimes, soon
after isolation, the reaction will be so transient that the strain in
question may seem to produce no acid in one of these sugars, especially
if a buffered medium is used. Fermentation nearly always becomes
more typical as time goes on.

The gonococcus produces acid from dextrose only, and Neisscria
catarrhalis ferments none at all.

The four pigmented members of the genus are separated from
each other chiefly by their fermentation reactions, though Neisseria
flavescens seems to be more homogenous serologically than the others.

For these fermentation tests, growth from a pure culture is inoculated
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into special semi-fluid agar (C.M. No. 56). An acid reaction may be
transient; for this reason the cultures should be examined often during
several days’ incubation.

B. SEROLOGICAL REACTIONS
1. Identification by agglutination

The identity of the meningococcus should be confirmed by agglutina-
tion with polyvalent serum. Growth not more than 24 hours old, and
preferably from 6 to 12, from solid media, is used. The favorite media
for this purpose are 0.5 per cent dextrose agar or 5.0 per cent rabbit’s
blood agar. Growth is suspended in buffered 0.85 per cent sodium
chloride solution, and the suspension diluted to a density equivalent to
500 p.p.m. of the silica standards described in Standerd Methods for
the Examination of Water and Sewage.*® Such a suspension contains, on
the average, about one billion organisms per ml. Any other method of
estimating turbidity that gives similar results is satisfactory.

It is important to know the pH of the salt solution used, for a
culture that may be inagglutinable at pH 7.8 may agglutinate nicely at
pH 6.8. Serum dilutions of 1:25 to 1:800 or higher should be made,
making the final dilutions after the suspension is added 1:50 to 1:1,600.
The total amount in an ordinary sized agglutination tube is 1 mlL
Normal horse serum in a dilution of 1:25 and 1:50 and a saline control
should also be used. This whole test is incubated at 37° C. for 2
hours and read after storage in icebox overnight.

Some polyvalent sera are made from “rough” stock strains and do
not contain agglutinins for the “smooth” specific strains. Such
“smooth” strains will seem to be inagglutinable. Later, when the
‘ smooth ”’ strains have lost their specific capsular substances and have
become “ rough,” they may be well agglutinated by that same polyvalent
serum.

Some laboratories use microscopic slide agglutination. The advantage
of this procedure is that individual colonies from a primary culture
may be used and a correct diagnosis is arrived at quickly. The usual
method for performing these is as follows #! #*;

Polyvalent antimeningococcic horse serum and normal horse serum
are diluted 1:10 with 0.85 per cent sodium chloride solution, and a
loopful of each placed on a slide. Some of the suspected colony is
rubbed up in each, or, some of the colony is mixed with the normal
serum and a portion of this suspension transferred to a drop of diluted
immune serum.
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Agglutination may .be observed macroscopically and microscopically.
Microscopic agglutination should be confirmed by the macroscopic tube
method. Organisms of characteristic morphology and staining, which
are agglutinated only by the immune serum, may be tentatively con-
sidered meningococci.

Another agglutination technic that is popular in the field is the
“rapid” or “short” method described by Noble.** The suspension
of microdrganisms contains 5 times as many bacteria and the
serum concentrations are five times as great as for the regular tube
agglutination test. Only 0.1 ml. of a serum dilution is placed in each
small tube, and 0.1 ml. of suspension added. The rack is inclined to
an angle of about 90° and is shaken slowly for 2 minutes in such a
way that the mixture of serum and suspension flows up the tube about
1 inch. Then 0.8 ml. of 0.85 per cent sodium chloride solution is
added to each tube and the agglutination read. The usual control
tubes should be included. This technique has the advantage of giving
results quickly.

2. “Grouping” and “ typing”

Determination of serological group of meningococci is necessary from
an epidemiological standpoint, and is also an aid from a therapeutic
angle. The relative incidence of the principal groups in active cases,
convalescents, contact carriers, and healthy chronic carriers may vary
widely.

Accurate determination of the type within the group is epidemio-
logically of value, as there are definite trends to certain types
within the groups; i.., during the years 1930-1936, Type I became
increasingly more common than Type III. Mere determination of
groups would not have revealed this trend, though for routine pur-
poses there is no practical advantage in spending time and effort in
separating Types I and III from each other. Some strains are easily
recognized as Type I or Type III, but usually there is considerable
“ crossing ” unless the sera used are highly type-specific. In most
routine diagnostic laboratories it will usually be found more satisfactory
to refer to these two types together as Group I.

The recovered meningococci may be grouped or typed later if there
is no opportunity at the actual time of isolation. However, group
determination is quickly made if good sera are available, and usually
there will be no need for delay. A much better idea of their antigenic
pattern can be obtained immediately after isolation since some strains
have a tendency to lose serological specificity on prolonged laboratory
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maintenance so that it is more difficult later to determine their type
accurately or their relation to the other strains in a given epidemic.
In case storage is necessary, as in extensive carrier surveys, such
changes are reduced to a minimum if the strains are preserved by
drying them from a frozen state.’®

For “grouping,” the sera used should be prepared with “smooth ”
strains that have abundant specific capsular substance, for it is to this
that group specificity seems to be due. The relative amount of this
specific substance can be determined by the “ halo” reaction described
below. Suspensions of the meningococci to be studied are prepared
just as described above for agglutination with polyvalent serum. Serum
dilutions, however, are lower, and are usually made from 1:10 to
1:320. The pH of the sodium chloride solution used for both sus-
pensions and serum dilutions should be known; generally pH 6.8
gives good results, but if there is a tendency to spontaneous agglutina-
tion, the alkalinity should be greater, perhaps up to pH 7.8. Incu-
bation in a water bath at 37°C. for 2 hours, followed by icebox
storage overnight, gives the most clear-cut results, as the group specific
agglutination occurs at these temperatures. A higher titer may be
obtained by overnight incubation at 56° C., but cross-agglutination is
more apt to occur, since the nonspecific agglutinins react also under
these conditions. The rapid technic described by Noble®* is often
found useful, especially in the field where water baths are not available.

If typing within the groups is to be done, it is essential that the
sera be type-specific. The strains of meningococci with which the
rabbits are to be immunized must be chosen with great care since
the serological types within the groups are not clear-cut and almost
every degree of overlapping can be found. Those chosen should cor-
respond as nearly as possible to standard type strains, and they should
be “smooth.” Preservation in a dried state is the simplest way of
keeping biological characteristics of such cultures unchanged. Infor-
mation about availability of standard type strains can, at the present
time, be obtained from the National Institutes of Health, Bethesda, Md.

For typing within a group, serum dilutions are usually made from
1:10 to 1:640, and incubation is at 37° C. for 2 hours, as described
above.

A satisfactory method of immunizing rabbits with Group I is by
3 courses of intravenous injections of freshly made suspensions of
5-10 hour cultures of meningococci on 3 successive days, these series
being a week apart. A week after the third series, a trial bleeding is
made, and if the serum is satisfactory the animal is bled from the
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heart. For Group II a longer course of injections may be necessary.
If the immunization extends over too long a period the titer of the
serum may be increased, but this is apt to be at the expense of
specificity, and more  cross-agglutination” is apt to result. Better
results are often obtained when the first injection is made intra-
cutaneously.

Recently Phair?¢ and his coworkers have reported the preparation
of typing serum in chickens. Since chickens are not susceptible to
infection with the meningococcus it is possible to give them large
intravenous doses and to produce a good agglutinating titer in a very
short time. If chicken serum is used for typing it is best to employ
the rapid agglutination method. The use of chickens is especially
advantageous in preparing serum with Group II strains, since these
are often poor antigens.

In “grouping” or “typing” meningococci the strains with which
the sera were made should be included in the test; a polyvalent horse
serum of good agglutinating titer should be used also for control

purposes,
3. Identification by capsule swelling

Determination of the serological group of meningococci directly in
the spinal fluid has been described in Section IV, A, 2. This technique
can, of course, be used with pure cultures also, and even with single
colonies. A loopful of a 5 hour culture suspension (about 100,000,000
cells per ml.) is substituted for the spinal fluid. A 10 per cent serum
broth is an especially good medium for such cultures. This technique
is rapid and economical and has become very popular.!®

C. REPORTING

When Gram-negative diplococci are seen in a stained smear, they
should be reported immediately as such, but not called meningococci
until further information is obtained. A strain may be reported as a
meningococcus if it is not agglutinated by normal horse serum, does
not form pigment, and ferments dextrose and maltose only. However,
if it fails to ferment one or both of these sugars, as some strains seem
to do immediately after isolation, confirmation of its serological identity
must be, obtained before reporting it as certainly a meningococcus.
This report should be made as promptly as possible without waiting

for the typing to be finished. The type or group is reported as soon
as it is known.
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Vi. SEROLOGICAL EXAMINATIONS, SPINAL FLUID AND
PATIENT'S SERUM

A. SpiNnAL Frum
1. Direct precipitation tests upon the cerebrospinal fluid

Potentially these are of value in arriving at early specific diagnosis.
However for the test to be successful the serum used must be rich
in precipitins and the spinal fluid should be obtained before therapy
is begun.

Rake 2 has described such a test in which he used monovalent rabbit
serum especially high in specific group precipitins. He emphasizes
the fact that negative results are apt to be obtained with spinal fluids
in which the meningococci are few, thus causing very little specific
substance to be present. His technic, which is also suitable for use
with polyvalent sera, is essentially as follows:

One-tenth ml. of serum is placed in a precipitation tube, and 0.1 ml.
of centrifuged spinal fluid is layered over it. Inspection is made at
once for a ring at the point of junction; if negative, the tube is
incubated at 37° C. A second reading is made after 1 hour, and in the
absence of reaction the tube is thoroughly shaken and replaced in the
water bath. A third reading for precipitate is made at 2 hours, and
if still negative the tube placed in the icebox overnight; final reading
is made the following morning.

A positive result with such a test can give a provisional diagnosis
very early. A negative test may merely mean that the number of
microdrganisms or the amount of the specific soluble substance of the
meningococcus is too small to be demonstrable, or that the serum used
is not sufficiently rich in precipitins. The conditions necessary for
the successful performance of this technic limit its usefulness.

2. Capsule swelling

Typing of meningococci directly in the spinal fluid by means of
demonstrating capsular swelling with homologous antisera has been
already described in section IV, A, 2.

Capsules can be demonstrated for Group I and Group II alpha
meningococci but thus far none have been reported for Group II strains.

B. PATIENT’S SERUM

Several workers have made a study of the agglutinin titers in the
serum of patients with meningococcus meningitis during the course of
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the disease. Most cases show agglutinins at some time during the
infection, usually after the first few days, though the titer may be
low. Examination of only one sample will frequently give a negative
result. Study of a series of samples can be useful in detecting the
presence of meningococcus infection when organisms cannot be found
in blood or spinal fluid.

Such tests are generally set up as usual, with serum dilutions of
1:8 to 1:512 or more. All reagents must be accurately checked and
controlled since titers may not be high. After setting up the tests
they may be centrifuged at high speed for 15 to 20 minutes and then
incubated for 2 hours at 37° C. and stored in an icebox overnight *°
or else they may be centrifuged and stored in an icebox without incu-
bation.?? The former method seems to give higher titers.

Vil. OTHER METHODS NOT IN COMMON USE

A. Oxmase TEst
The method of applying the direct oxidase reaction to the differ-

entiation of bacterial colonies was described by Gordon and McLeod,
1928.2% Modifications of their technic have been reported by Elling-
worth, McLeod, and Gordon,* by McLeod, ct al.** and by Leahy
and Carpenter.®® All of the Neisseria produce this reaction, as well
as other bacteria which produce an active oxidase. Its practical value
in aiding the detection of such bacteria in mixtures is obvious. Though
it has chiefly been used for detecting the gonoccocus in plates made
from urethral and cervical discharges, it promises to be a useful aid
also in the isolation of meningococci and other Neisseria from naso-
pharyngeal cultures.

The technic as applicable to nasopharyngeal swab cultures, is, in
general, as follows: ** chocolate " agar (C.M. No. 33a) plates are inocu-
lated with the nasopharyngeal swabs, as described in IV, D, 2, and
incubated at 37° C. for 24 hours. The plate is then flooded with 1
ml. of a 1 per cent solution of dimethyl-paraphenylenediamine hydro-
chloride, which is then poured off. It may be considered advan-
tageous to apply the reagent to a single colony or to a small
area; for this purpose a platinum loop is highly satisfactory.
The Neisseria colonies become pink, then purple, and then black, the
time required for these color changes being about 6 to 10 minutes.
Since upon prolonged contact the dye is apt to be toxic for the bacterial
cells, subcultures should be made while the colonies are still pink;
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when the colonies become black the cells are likely to be dead. Elling-
worth, McLeod, and Gordon?® prefer the tetramethyl compound to
the dimethyl on account of its lower toxicity for bacterial cells. The
tetramethyl compound is about ten times as expensive, however, as
the dimethyl. A fresh solution of the dye should be prepared each
week as it deteriorates on standing.

B. THE “HALo” REACTION

The development of halos around colonies of meningococci on agar
plates containing immune serum has several useful applications in the
laboratory. The reaction is group specific, as was first noted by
Petrie,* and Group II strains can be distinguished from those of
Groups I and of II alpha. In localities where accurate typing by
agglutination is impracticable, this method can be extremely useful
for preliminary grouping. The technic described for preliminary
evaluation of therapeutic antimeningococcic serum** can be modified
for this purpose. TIn general, the following technic is suggested:

1. Melt the agar in tubes, each tube containing approximately 15
to 16 ml

2. Cool the agar to 50° C., add 0.8 ml. of serum, and pour the
mixture into sterile Petri dishes. This gives approximately 5 per cent
of the serum.

3. Collect a mass of growth, about 2 mm. in diameter, from an 18
hour culture on glucose serum agar, or 5 hour culture on blood agar.

4. Place this mass upon the surface of the specific serum agar plate
without spreading; 6 to 10 different cultures may be tested on one
Petri dish.

5. Incubate the plate at 37° C., and examine it after 48 and 72 hours
in a strong light against a dark background. The specific precipitins
in the serum and the soluble specific antigens of the meningococci will
form a visible precipitate in the form of a halo around the bacterial
growth. The intensity of the halo is recorded as 1 plus to 4 plus.
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I. INTRODUCTION

The diagnosis of gonococcal infection still constitutes one of the
major problems in the public health laboratory. In spite of the
extraordinary therapeutic effectiveness of penicillin in gonorrhea many
health departments are annually reporting more cases of the disease.
The recent development of more dependable cultural technics has aided
materially in differentiating gonococcal from non-gonococcal urethritis
in the male and facilitated the diagnosis of the disease in the female.
In many venereal disease clinics the improved cultural method is like-
wise used as a test for cure, particularly in the female.

The bacteriologic procedures described herein are those observed
to give the most uniform and reliable results after many comparative
studies of methods for staining the gonococcus and of media, atmos-
pheric requirements, and temperatures of incubation for growing the
gonococcus. Although the complement-fixation test is not, in its present
stage of development, a reliable means of diagnosis a method is out-
lined because the test is employed in a few laboratories.

The film method has in its favor the element of simplicity. It is
relatively inexpensive because it requires little equipment, and where
laboratory service is not available, it can be performed by the physician
in his office. A diagnosis can be made within a few minutes, or, on the
other hand, examination of films can be postponed indefinitely without
affecting the results. The disadvantages, however, are serious enough
to warrant the use of a more reliable method. Films are often negative
in chronic cases of gonococcal infection when the number of gonococci
has been markedly reduced, with or without secondary infection, and
especially after chemotherapy. Rarely, films are positive when infec-
tion is due to species of Neisseria other than Neisseria gonorrhocac.
Furthermgqre, the direct microscopic examination of slides does not dis-
tinguish viable from non-viable gonococci. Results vary with the
degree of application, the skill of the technician, and the time devoted
to the examination of films.
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The excellent results cited in various reports comparing the film and
cultural methods indicate that the cultural method is not only a useful
adjuvant to the film method, but a necessary procedure for establishing
accurate diagnosis. In chronic cases in both sexes and in the detection
of carriers, the cultural method is far more dependable. It is pre-
eminent, however, in the diagnosis of the disease in females, where it
has proved to be as much as 200 per cent superior to the film method.!
False-positive results are avoided, and since the isolation of N. gonor-
rhoeae in culture constitutes an unquestionable diagnosis, the test is
acceptable as legal evidence. The cultural method, in its present stage
of development, is limited to use in venereal disease clinics, hospital
laboratories, and communities where specimens can be delivered
promptly to a public health laboratory equipped to carry out the pro-
cedure. If media cannot be inoculated at the time the specimen is
collected from the patient, cultures must be made shortly thereafter
for the best results. The special media and equipment needed for the
test and the greater amount of time expended in performing it increase
the cost, although it is no higher than that for cultural tests used in
the diagnosis of other infectious diseases. It is, as yet, primarily a
procedure for a trained laboratory technician, and for this reason cannot
be utilized effectively in the office of the general practitioner.

In view of the limitations of both the film and cultural methods
their simultaneous use is strongly recommended to secure a maximum
of positive results. The film, however, is most valuable in the diagnosis
of acute untreated urethritis in the male. The use of cultures is
unnecessary in this type of case unless the information obtained is to
be used for research or for medicolegal purposes. The examination of
films prepared from prostatic secretion, on the other hand, does not
yield dependable evidence. Because of the consistency of the secretion
such films are more difficult to stain satisfactorily with Gram's method.

The complement-fixation test, as now performed, cannot be recom-
mended as a sole means of diagnosis. Even the best technic sometimes
gives negative results when the patient shows typical symptoms of
gonococcal infection and films and cultures are positive. Furthermore,
the majority of patients treated with penicillin are cured before anti-
bodies develop. On the other hand, positive results are occasionally
obtained in cases with no history of gonococcal infection and negative
bacteriologic tests. If used in conjunction with the film and cultural
methods, however, it can be of some aid to the physician who is
acquainted with its limitations. The most practical application at the
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present time is in the diagnosis of gonococcal arthritis, pelvic inflam-
matory disease, and chronic prostatitis. Further research on the bio-
chemistry of the gonococcus and on related aspects of the problem may
produce a complement-fixation test as reliable as that for the diagnosis
of syphilis. A dependable serologic test could be not only of practical
value to the physician but of invaluable aid to the epidemiologist and
in the research laboratory. Although the test is rarely employed in the
diagnostic laboratory, the description of the technic is retained for
those who may have occasion to use it.

Il. COLLECTION OF SPECIMENS
A. OvuTtriTs

Cotton-tipped applicators, kept sterile in a stoppered test tube, and
glass microscopic slides comprise the necessary materials for preparing
films. When specimens are to be sent or delivered to the laboratory, a
wooden slide holder accommodating two slides, and a mailing container
or heavy manila envelope addressed to the laboratory should be
included. The swabs are made by tightly winding a small amount of
absorbent cotton around the terminal 34 inch of a 6 inch wooden
applicator. The diameter of the swab should not exceed 3/16 inch,
and a diameter of 1§ inch is preferable. The slides must be clean and
free from grease; otherwise, the film of exudate will not adhere to the
glass. Slides with etched ends are verv satisfactory and are especially
recommended if the slide is to be used more than once. If etched
slides are not used, a diamond-point pencil should be available in the
laboratory for marking the slides inasmuch as gummed labels or wax
pencils are unsatisfactory.

When cultures are to be taken, at least two sterile swabs are included
in the outfit. A tightly stoppered tube or vial containing either 1 ml.
of a nutrient broth or the transportation medium of choice is also
necessary. The standard Wassermann outfit is satisfactory for the col-
lection of blood for the complement-fixation test.

B. HisTorY SLIPS

A suitable history form calling for pertinent information is essential
for accurate laboratory records. It should provide space for the
patient’s name, address, age, sex, the source of the specimen, the date
taken, and the type of examination desired. The duration of the disease
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and whether acute or chronic is also useful information. For cultural
tests, the hour the specimen was taken should be recorded. For
statistical purposes, it is well to include occupation, color, and marital
status. Space, of course, is provided for the name and address of
the physician. A properly arranged history form may be used for
both the film and cultural examinations although a separate form is
advisable for the complement-fixation test. The laboratory report
of the bacteriologic examination should provide for the date of exam-
ination, the name or initials of the examiner, and the signature of the
person responsible for the results. The two items of information to be
included in the report on films are (1) the presence or absence of
Gram-negative diplococci, and (2) the relative number of pus cells.
The report of the cultural examination should state that the gonococcus
was (or was not) isolated in culture.

C. GENERAL DIRECTIONS

In acute cases of gonococcal infection, specimens of exudate for
examination by either the film or cultural method are generally taken
from the male urethra or cervix. In chronic cases in the male, prostatic
secretions and urine may also be submitted. In vulvovaginitis, speci-
mens are obtained from the vagina. Other sources of infectious material
are the conjunctiva, abscesses of Bartholin's glands, the Fallopian tubes,
pelvic lesions, and rectal discharges, the last especially from females.
Cultures of blood and of joint and spinal fluids occasionally reveal the
gonococcus.  The cultural examination of spinal fluid from atypical
cases of meningitis should not be overlooked. Not infrequently the
gonococcus can be recovered from the mucous membranes of the
genitourinary tract, from prostatic secretions, or from urine sediment
of patients who are symptom-free after treatment.* Specimens to be
examined as a test for cure should not be obtained for at least 48
hours after the termination of therapy, because minimal concentrations
of sulfonamides or antibiotics in the inoculum inhibit the growth of
the gonococcus.

In taking specimens an important point is to avoid accidental infec-
tion of the conjunctiva which is especially vulnerable to invasion by the
gonococcus. The use of rubber gloves is recommended, because the
patient may be suffering from syphilis as well as from gonococcal
infection.

The usual cotton-tipped applicator is suitable for collecting most
specimens. Separate swabs, however, should be used for obtaining
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exudates for the culture and the film. It is advisable to take first the
specimen for culture because more exudate is required for this exam-
ination. Aseptic technic is unnecessary except when specimens are
obtained from the spinal canal, from joints, or from abscesses. Spinal
fluid is taken as ordinarily collected for examination for evidence of
meningococcal infection. The technic recommended for procuring
joint fluid is as follows: (1) by means of a piece of sterile gauze or a
sterile swab, apply tincture of jodine to the skin over the joints;
(2) with a 2 ml. sterile syringe and a hypodermic needle, inject 1 per
cent procain under the skin and into the subcutaneous tissues at the
point of greatest fluctuation; (3) when satisfactory anesthesia has
occurred, withdraw the joint fluid by inserting into this area a 20 gauge
needle of suitable length, using a 10 or 20 ml. sterile syringe.

To insure the greatest number of positive results the medium should
be inoculated immediately after the specimen has been collected from
the patient. If possible, the specimen should be inoculated directly
onto the surface of the agar plate to be employed for isolating the
gonococcus. If the specimen cannot be cultured immediately, the swab
with the exudate should be placed at once in a test tube containing
I ml. of meat infusion broth or in any other suitable menstruum not
injurious to the gonococcus. A 2 per cent solution of Proteose No. 3
Broth * to which is added sodium chloride to yield a final concentration
of 0.5 per cent is very satisfactory. Such broths will maintain the
viability of the gonococcus satisfactorily for only 4 or 5 hours, depend-
ing upon the amount of inoculum, number of gonococci in specimen,
the temperature, and the number and type of concomitant bacteria in
the specimen.

Although specimens of exudate may be inoculated directly onto the
culture medium, there are several advantages in first suspending the
material in a small amount of broth. It permits delayed inoculation
when laboratory facilities are not immediately available; it dilutes
the inoculum, thereby reducing overgrowth of the gonococcus with
commensal organisms; it provides an increased amount of moisture to
the surface of the solid medium.

When the laboratory is distant from the patient and the specimen
cannot be cultured for from 18 to 24 hours after collection, a so-called
“transportation” medium is essential. As yet, an entirely satisfactory
medium for this purpose has not been developed. Comparative tests

* Prepared by Difco Laboratories, Inc., Detroit, Mich.
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for viability of the gonococcus on several media recommended for this
use have demonstrated that as the number of hours increases between
collection of the specimen and the inoculation of the medium at the
laboratory, the number of strains isolated decreases. Nevertheless,
under certain circumstances the shipment of specimens to a laboratory
from considerable distance is warranted. Two semi-solid media are
suggested for this purpose; namely, gelatin blood agar and gelatin egg
albumin agar.® * (C.M. Nos. 41 and 42.)

D. MaLE

Aseptic technic is, as a rule, unnecessary in obtaining specimens for
culture from the male urethra. When such precautions seem necessary,
the foreskin is retracted and the glans penis is cleansed with soap and
water; a mild antiseptic, such as 70 per cent alcohol, may be applied.
Care must be taken that a minute amount of the antiseptic does not
remain in the meatus to be absorbed on the cotton swab when the
urethral exudate is collected, thereby inhibiting the growth of the
gonococcus. Pus at the meatus is removed with a sterile cotton swab.
In the absence of visible exudate, the penile urethra is stripped with
the thumb and forefinger and any resulting mucopurulent or mucoid
exudate is cultured. Inasmuch as the gonococcus not infrequently can
be isolated from the urine sediment the first 10 to 15 ml. of voided
urine serves as a useful specimen, especially when no urethral exudate
is present.?

In chronic cases, prostatic fluid should also be cultured. The penile
urethra is compressed with the thumb and finger to prevent loss of
fluid while prostatic massage is carried out in the usual manner.
Pressure is then released and the prostatic fluid in the urethra is per-
mitted to flow directly onto a chocolate agar plate or into a test tube
containing 1 ml. of sterile broth for subsequent culturing. If the
quantity is scant, the exudate is collected from the meatus by means
of a swab which is then placed in a tube of broth, but preferably on
the chocolate agar plate. As a test for cure, a single combined specimen
of prostatic fluid and urine may be used, inasmuch as it permits detec-
tion of infection in the prostate as well as in the posterior and anterior
urethra. From 10 to 15 ml. of urine are collected in a sterile tube
immediately after prostatic massage. Recent comparative tests have
shown that very seldom is the gonococcus isolated from the prostatic
secretion when it is not present in the anterior urethra.
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E. FEMALE

Sterile preparation of the vulva and douching of the vagina are
seldlom necessary. If the urethral meatus appears normal and no
exudate is present, films and cultures from this source are not indicated.
The gonococcus is so rarely isolated from the urethra when it cannot
be recovered from the cervix that duplicate films and cultures from
both sources are unnecessary. This observation is borne out by a

UTERLS

CERVIX

ENIOCEKVICAL
GLANLS

Ficure 1—Sterile cotton-tipped applicator has been inserted through bivalve
speculum into cervical canal (sec text).

comparison of hundreds of cultures from the urethra and cervix.
Therefore, in most venereal disease clinics cervical films and cultures
only are examined, which is a saving in time and expense. If it is
deemed necessary to culture the urethra, the following technic is
employed: The urethral meatus is cleansed by a sterile cotton pledget.
Digital pressure is applied to the urethra with a gloved finger and to
Skene’s glands. Exudate is then collected on a sterile swab and
immersed in a tube containing 1 ml. of suitable broth, or cultured
directly on chocolate agar.

Specimens collected for culture from the cervix are most important



Tue Gonococcus 115

and require care and experience to be satisfactory. A bivalve vaginal
speculum should always be used, without lubricant other than water
or physiologic salt solution (Figure 1). The cervix is cleansed with a
cotton pledget on dressing forceps. The cervical plug, if present, is
removed with a cotton-tipped applicator. The cervix is then gently
compressed with the blades of the speculum to express secretions
from the endocervical glands. Specimens are then collected by insert-
ing a small sterile swab into the cervix for from 0.5 to 1 cm. A suffi-
cient quantity of exudate should be obtained to insure successful
results. During pregnancy the material should be collected from the
cervical os: The swab is cultured as heretofore described.

The collection of specimens from children and infants with vulvo-
vaginitis may be carried out with a cotton-tipped applicator. The use
of a female glass catheter, however, is preferable because it causes
no trauma and permits collection of more material. The catheter,
containing a small amount of physiologic saline solution is introduced
into the vagina, and moved about to permit approximately 0.3 to
0.5 ml. of vaginal secretion to flow into the catheter. A film is prepared
from one drop and the remainder is suspended in 1 ml. of broth for
culture, or is inoculated directly onto a suitable solid medium.

F. MISCELLANEOUS

In taking specimens from the anorectal region, aseptic technic is
important. The area is cleansed with soap and water, an antiseptic
applied, the anal sphincter dilated by means of an anoscope, and the
specimen collected from the mucosa adjacent to the terminal portion
of the anal canal.

Pus from the conjunctiva and from abscesses may be inoculated
directly onto the culture medium, or suspended in infusion broth.
Joint and spinal fluids and urine are collected in sterile tubes without
broth. Blood for cultures is obtained by venipuncture. One ml. and
4 ml. amounts are added to 100 ml. of glucose ascitic fluid broth;
5 ml. are added to from 2 to 4 ml. of 2.5 per cent sodium citrate to
prevent coagulation for use in blood agar plates.

G. TRANSPORTATION OF SPECIMENS

No special precautions are necessary in transmitting films to the
laboratory since they are unaffected by time, temperature, or atmos-
pheric conditions. Specimens of urine, blood, exudate in broth, etc.,
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on the other hand, should be delivered promptly and cultures made as
soon as possible. Not more than 6 hours should elapse between the
time the specimen is collected and the time it is cultured. When it is
impossible to make cultures directly from the patient, the specimen
should be kept in a refrigerator, if possible, otherwise at room tempera-
ture. Under no circumstances should it be incubated, because exposure
to temperatures as high as body temperature favors the multiplication
of contaminants which soon overgrow the gonococcus and make isola-
tion difficult.

ill. EXAMINATION OF SPECIMENS

A. GENERAL DIRECTIONS

As soon as the outfit is opened in the laboratory, the specimen
should be given an accession number and the information checked with
the accompanying history form. Care should be taken at all times
to preserve the identity of the specimen, and errors in labeling, etc.,
guarded against.

B. FiLwms

1. Preparation

To prepare a suitable film the exudate which has been obtained on
a sterile swab is “rolled out™ over the surface of two glass slides
by rotating the cotton-tipped applicator between the thumb and index
finger. The “rolling” procedure is superior to rubbing the swab over
the surface because the pus cells remain intact and more gonococci
retain their intracellular position. The film should be placed near
one end of the slide so that space remains available at the opposite---
etched—end for labeling. The success of the examination depends
to a great extent upon the care with which the film is made. Thick
films are unsatisfactory and can be avoided by collecting only a small
amount of exudate and by rolling the swab over the surface but once.
A well made preparation should be not more than one cell thick. When
the film has been air dried or fixed by gentle heating of the reverse
side of the slide, it should be marked plainly with the patient’s name,
the source of the specimen, and the date, or with a code number.

-

2. Staining

The procedure recommended is Hucker’s® modification of Gram’s
stain. (See page 87.)
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The films should be stained individually for the best results, although
when large numbers are to be examined, they may be stained in groups
by the use of slide holders. If it is necessary to do them collectively,
slides with thick films should be removed and stained separately, as
they require more decolorization than slides with thin films.

To control the staining reaction, one loopful of a young broth
culture of Staphylococcus aureus and one of Escherichia coli are placed
on the slide adjacent to the film before staining. Organisms from solid
media may be used if properly diluted with distilled water. While it
may not be necessary to control the Gram stain in this manner in
laboratories where numerous examinations are made daily, the provi-
sion is essential for laboratories in which only an occasional film is
examined.

3. Microscopic examination

A compound miscoscope equipped with a mechanical stage and an
oil immersion lens is essential for making a satisfactory examination.
When correctly stained, the nuclei of the pus cells should retain some
of the violet dye, while the cytoplasm should be pink. The examiner
notes first the staining reaction of the staphylococci and colon bacilli
placed on the slide for control. (Staphylococci are Gram-positive,
i.c., retain the initial violet dye: colon bacilli are Gram-negative, i.e.,
do not retain the initial dye, but are decolorized and appear pink
from the effects of the counterstain.) If the control films are not
properly stained, the preparation is unsatisfactory for diagnosis.

The gonococcus is typically Gram-negative when correctly stained
and appears as a pink or orange-red coccus, usually arranged in pairs.
The approximating surfaces are flattened, producing the well known
biscuit or coffee-bean shape. The organisms may be inside or outside
of the pus cells. The intracellular location is typical and has con-
siderable diagnostic significance. Extracellular gonococci, as a rule,
are found frequently in films prepared from the cervix.

The entire film should be examined for gonococci if necessary. For
an experienced observer the period of examination should be at least 3
minutes, preferably 5. Difficult slides may require more time. Special
care is required in the examination of vaginal and cervical films from
chronic cases in order to avoid missing the occasional gonococcus. All
slides should be filed and kept for at least 6 months. While making
the examination, the absence or presence of pus cells and their fre-
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quency should be noted. If spermatozoa are observed, this fact may
also be recorded.

4. Reporting results

The responsibility for interpreting the results of a microscopic
examination is solely that of the physician in charge of the case. The
laboratory examiner should report only what is observed in the film,
i.e., Intracellular Gram-negative diplococci resembling gomococci were
found, or . . . were not found. If extracellular Gram-negative cocci
resembling the gonococcus are observed, usually a continued search
will reveal intracellular groups as well. If, however, only extracellular
forms are found, the reports should read, Extracellular Gram-negative
diplococci resembling gomococci were found, and a request for a second
film should be made. If the film is too thick for satisfactory staining
or no exudate can be detected on the slide, this information should be
reported and a second film requested.

The report should include a statement concerning the number of pus
cells present, Many . . . Few . . . or No pus cells present. '

C. CuULTURES

1. Precautions in handling exudates before culturing

An important precaution is to prevent drying of the exudate before
suspension in broth. Drying destroys the gonococcus rapidly.

Contrary to the general belief that specimens to be cultured for
the gonococcus should be kept at body temperature prior to inocula-
tion, better results are obtained when they are held at temperatures
of from 4° to 10° C. If facilities for refrigeration are not available,
cultures should be kept as cool as possible to avoid overgrowth of the
gonococcus with commensal organisms. It is emphasized that best
results are obtained when cultures are made immediately after the
specimen is collected. The findings, however, are usually dependable
if inoculation is not delayed for longer than 6 hours.

2. Media

A comparative study under controlled conditions of 12 media for
the isolation of the gonococcus revealed that the greatest number of
isolations, were made on the three following media® (1) Modified
McLeod’s agar with Nile Blue A and enriched with horse plasma and
hemoglobin 7 (C.M. No. 39); (2) Proteose No. 3 Agar with Nile Blue A
and enriched with horse plasma and hemoglobin® (C.M. No. 40); and



Tue GoNococcus 119

(3) Bacto-GC Medium Base, with Bacto-Hemoglobin and either Sup-
plement A or B® (C.M. No. 38).* Although these three media were
equally as effective from the standpoint of growing the gonococcus, the
“chocolate ” agar prepared from the GC Medium Base and Bacto-
Hemoglobin was more uniform in quality and more simply prepared than
the other two media. The addition of either Bacto-Supplement A or B
to the chocolate agar is essential. In the comparative study,® Supple-
ment B proved to be slightly superior to Supplement A. These supple-
ments are an especially prepared thermolabile yeast concentrate con-
taining adequate amounts of growth-accessory factors, particularly glu-
tamine, cocarboxylase, and coenzyme, required by the more fastidious
strains of the gonococcus. Supplement A differs from Supplement B
only in that it contains sufficient crystal violet to yield a final concentra-
tion of 1:714,000 in the medium.* The supplements are essential
because numerous strains of the gonococcus fail to grow unless the
medium is augmented with glutamine.!

The dehydrated GC Medium Base, with Bacto-Hemoglobin and
either Supplement A or B possesses several advantages over the other
media described for the isolation of the gonococcus. It is always
immediately available and can be readily prepared in either large or
small quantities, insuring a supply of fresh moist medium essential
for dependable results. Furthermore, the cultures may be examined
after incubation for 24 hours instead of 48 hours, which is required by
the other media.

The addition of tyrothricin to chocolate agar is another useful aid
which may be employed. A final concentration of 1:15,000 inhibits the
growth of Gram-positive organisms such as streptococci, lactobacilli,
and diphtheroids, thereby facilitating the isolation of the gonococcus.!

Many strains of the gonococcus may be isolated on other media pre-
pared from an infusion agar base enriched with either blood, serum,
or ascitic fluid. The purpose of the cultural method, however, is to
isolate the maximum number of strains and, therefore, the best special
media must be employed if the procedure is to be effective.

3. Inoculation of Media

As previously directed, specimens from the urethra and cervix
should, if possible, be inoculated directly onto the surface of the agar

* Prepared by Difco Laboratories, Inc., Detroit, Mich.
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plate. Inoculation of the plate is an important procedure and requires
skill and experience to obtain suitable cultures because the amount
of inoculum collected on a swab varies. Care should be taken to
insure that the inoculum is well distributed in order to utilize the
maximum surface of the agar and yet avoid overgrowth with com-
mensal bacteria. From one-fourth to one-third of the surface of the
agar plate should be streaked back and forth without rotation of the
swab. A platinum or chrome wire loop or needle may then be employed
to spread further the inoculum at right angles to the originally inocu-
lated area, thereby covering the remainder of the surface.

If the exudate has been suspended in a liquid medium, from 0.05
to 0.1 ml. of inoculum, depending on the turbidity of the specimen,
may be pipetted onto the agar and then spread over the surface of the
plate with a sterile glass “L-shaped” rod. If the swab employed to
collect the exudate is submitted in the tube of broth the applicator
should be rotated and compressed against the inner wall of the tube
to suspend as much of the exudate as possible. From 0.05 to 0.1 ml.
of the suspension is then pipetted to the agar plate and inoculated
onto the surface by means of a glass rod or wire loop. If exudate is
scant, the suspension should be centrifugalized and the sediment cul-
tured. Joint and spinal fluids and urine are centrifugalized, and the
sediment streaked on chocolate agar plates. In the case of blood
cultures, citrated blood from the patient is made into blood agar plates
by the following procedure: Infusion, hormone, or Douglas's agar is
melted and then cooled to about 42 to 45° C., at which temperature
10 per cent of ascitic fluid and 1 per cent of glucose are added; to
20 ml. of this medium, 3 ml. of citrated blood is added and a plate
poured; to another 20 ml., 2 ml. of citrated blood is added and a
second plate poured.

The inoculated chocolate agar plates and the blood plates are
inverted and stacked in jars for incubation in an atmosphere reinforced
with carbon dioxide. Dehydrating or museum jars fitted with covers
may be used, and can be made airtight with vaseline or plasticene.
Any container that has a tightly fitting cover and a mouth wide enough
to permit the introduction of the Petri dishes, may be substituted.
(Figure 2 shows a 1 gallon wide-mouth glass jar fitted with a metal
screw top.)

The atmosphere is reinforced with carbon dioxide in one of several
ways. (1) A suitable stopcock, screwed into the cover of the jar,
permits rubber hose connections to be made to a cylinder of compressed
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carbon dioxide and to a vacuum pump. A mercury, open U-tube type
manometer is included to measure the pressure within the jar. Air
is evacuated until the pressure within the jar has been reduced by
9 cm. of mercury (removal of approximately 12 per cent of the air),
then slightly less carbon dioxide than removed air is released into the
jar. This is accomplished by closing the stopcock when the pressure
is from 0.5 to 1 cm. of mercury below atmospheric pressure (Figure 3).
(2) A less costly and simpler method, but an equally satisfactory one,

FicUre 2—A--Inexpensive wide-mouthed glass jar, one gallon size, showing
method of reducing cxygen tension by use of lighted candle. B—Cover for jar
fitted with stopcock for use with cquipment as illustrated in Figure 3.

is to place a lighted, smokeless candle approximately 1.5 to 2” long
and 1” in diameter, on the plates in the jar and then replace the lid.
When the flame is extinguished by the depletion of the oxygen, the
concentration of carbon dioxide is adequate for the growth of the
gonococcus. (3) The atmosphere may be enriched with carbon dioxide
by the use of sodium bicarbonate and sulfuric acid, if this method is
preferred. It is important that the cultures be incubated in a moist
atmosphere which may be insured by placing a thin layer of moist
cotton in the bottom of the jar.

The jars containing the cultures are placed in an incubator at 35°
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or 36° C. for either 24 or 48 hours, depending upon the medium
employed. The flasks containing the blood in glucose ascitic fluid
broth are likewise placed in an atmosphere reinforced with carbon
dioxide and incubated at the same temperature. An incubator set at
37° C. may be used; however, some strains of gonococci cannot be
isolated at this temperature. The cultures may be inspected after 24
hours of incubation, if necessary, at which time there is often sufficient
growth for examination. Some strains of gonococci require 48 hours of
incubation. A negative report, therefore, should never be made at
the end of 24 hours unless the GC agar base, experimental, with Bacto-
Hemoglobin and Supplement A or B is employed.

FIGURE 3—Diagram of equipment as used for increasing the carbon dioxide content
of the atmosphere surrounding the cultures made for the isolation of the
gonococcus. A—Faucet suction pump; B--—muscum jar containing Petri dishes;
C—mercury manometer; and D--tank of compressed carbon diox:de.

4, Examination of Cultures

a. Direct inspection

After 24 or 48 hours of incubation, the plates are inspected for the
presence of colonies of the gonococcus. On a suboptimal medium, only
minute pinpoint colonies are observed. On chocolate agar the colonies
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are convex, transparent, from 1 to 3 mm. in diameter, with undulate
margins (Figure 4). By their transparency and the character of their
margins, they can usually be differentiated from young colonies of
streptococci and diphtheroids, which they simulate. From the colonies
selected films are prepared, stained, and examined.

Ficure 4—Surface colonies of Neisseria gonorrhoeae and Neisseria catarrkalis on
“ chocolate ”’ agar, 48 hours.
The gonococcus colonies are gray with undulate margins

b. The “oxidase test”

When no colonies, typical of the gonococcus, can be detected by
direct inspection, the culture is subjected to the “oxidase test,” which
is of especial value in detecting colonies of Neisseria in mixed cultures
(Figure 5). The test is based upon the presence of an enzyme, oxidase,
produced by organisms belonging to the genus Neisseria. The enzyme
is detected by the use of either the oxalate salt '* or monohydrochloride
of the dye component, para-aminodimethylaniline, which, in the presence
of oxidase, produces a characteristic series of color changes: first pink,
and on further oxidation maroon, and finally black. The oxalate salt
of the compound possesses advantages over its monohydrochloride. It
is less toxic for the gonococcus and during storage does not deteriorate
as rapidly as the monohydrochloride. Likewise, the oxalate salt does
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not form the marked black precipitate on chocolate agar sometimes
observed from use of the monohydrochloride, especially when a fresh
solution is not employed. The oxalate salt is somewhat less soluble
than the monohydrochloride, and gentle heating is required in the
preparation of a solution. The direct inspection of an agar plate
culture containing but a few gonococcus colonies obscured by a
luxuriant growth of other microorganisms is almost valueless. The

Froure 5—Culture from cervix on surface of “ chocolate ” agar plate:
A-—Before oxidase test.

microscopic examination of films from many colonies is impractical. It
is in such instances, therefore, that the value of the “oxidase test” is
greatest.

A 1 per cent aqueous solution is prepared from the desired com-
pound. Best results are obtained when a fresh preparation is made
daily. _ A solution will, however, continue to be suitable for several
days when stored in the refrigerator. An experienced bacteriologist
may desire to pick typical colonies of the gonococcus for pure culture
studies before the reagent is applied. If there is uncertainty of the
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colony type a few drops of the reagent may then be applied to the
growth over a small area of the plate. If oxidase-positive colonies
appear, subcultures can be made from similar uncontaminated colonies
in an adjacent section of the plate. If no oxidase-positive colonies
appear from the application of the reagent to a small area, from 1 to
2 ml. of the solution are dropped on the agar plate culture by means of
a pipette and the plate tilted so that the entire surface is moistened.

FiGure 5—Culture from cervix on surtace of “ chocolate ” agar plate:
B—After oxidase test. The gonococcus colonies, which are oxidase-
positive, now appear black.

If a large series is to be examined, a “nasal” atomizer provides a
simple and economical way to apply the reagent. The plate is
observed for a period of from 5 to 8 minutes for evidence of change
in the color of the colonies. This usually occurs in less than 2
minutes, but a freshly prepared solution may delay the reaction slightly.
The series of color reactions, i.e., pink, maroon, and black, readily
identifies the colonies of Neisserig. Films are made from “oxidase-
positive” colonies, stained, and examined microscopically. If subcul-
tures are to be made for further identification, the colonies should be
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picked as soon as they become pink, because the dye component is
toxic for the organisms. When oxidation has progressed until the
colony is black, the cells are usually dead and subcultures fail to grow.
The dye does not interfere with subsequent Gram stains.

5. Interpretation of Results

A Gram-negative diplococcus, isolated from the genital canal, particu-
larly from the male, and showing the typical morphologic character-
istics of Neisseria gonorrhoeae, may be presumed to be a gonococcus
when picked from an “oxidase-positive” colony. Further identifica-
tion on carbohydrate media is necessary in all medicolegal cases and
in doubtful cases, when the history and clinical status of the patient
are inconsistent with the bacteriologic findings. Special care should
be taken to differentiate the gonococcus from the meningococcus and
from Neisseria catarrhalis in cultures from the conjunctiva. Cultures
from the lower birth canal and from prostatic secretions occasionally
show “oxidase-positive” colonies other than those of the Neisseria, but
difficulty seldom arises in differentiating them, because the majority
are either Gram-positive or Gram-negative bacilli. Streptococci and
diphtheroids, which are the most difficult organisms to differentiate
from Neisseria gomorrhoeae by direct inspection of colonies, do not
form oxidase.

6. Identification by carbohydrate fermentation

For the final identification of the gonococcus and differentiation from
the other Neisseria, it is necessary to inoculate media containing the
following carbohydrates: glucose, lactose, sucrose, maltose, levulose,
and mannitol. The use of glucose and maltose only will differentiate
the gonococcus from the meningococcus. Many basic media for incor-
porating carbohydrates have been described, but ascitic fluid agar is
the best. The ascitic fluid must be bile-free, with a pH range between
7.2 and 8.0. Ascitic fluid of high alkalinity inhibits the growth of the
gonococcus; therefore, the pH should be determined before use and the
fluid neutralized, if necessary. Even though all the above specifications
are met, some lots of ascitic fluid are unsatisfactory, and thus it is ad-
visable to compare the growth-stimulating factor of each new supply
with fluid known to be suitable. In laboratories where a supply of
ascitic fluid is not available serum may be substituted. Rabbit serum
is the most suitable. Human serum may be used. The maltose content
of beef, sheep, and horse sera make them unsuitable in carbohydrate
medium as a growth-promoting substance.
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Typical colonies are selected from the original plate and subcultured
on a suitable medium, such as chocolate agar. When growth occurs,
transfers are made to a series of slants of ascitic fluid agar containing
Andrade’s indicator, and 1 per cent of each carbohydrate. Rubber
stoppers are inserted in the tubes to limit the oxygen supply; and as
growth develops, the carbon dioxide content within the tube is in-
creased. The use of rubber stoppers insures moist, fresh media by
preventing the evaporation of condensation water. The cultures are
incubated for 48 hours at 36° C. and then inspected.

The fermentation of glucose only, which is indicated by the agar
slant turning pink, differentiates Neisseria gomorrhoeae from other
members of the genus.

Another satisfactory medium is Bacto-phenol red carbohydrate broth
containing 0.5 per cent of the desired carbohydrate. A semi-solid

TasLE 1
Fermentation of carbohydrates by the Neisseria

Microorganisms Glucose Lactose Sucrose Maltose Levulose Mannitol

Neisseria gonorrhoeae
Neisseria meningitidis *
Neisseria catarrhalis t
Neisseria sicca
Neisseria flava
Neisseria perflava
Neisseria subflava
Neisseria flavescens

L ++++ 1 ++
|
L+ 1+
I ++++ 1+
I +++ 1

|
|
l

* N.subflava produces yellow pigment on agar which differentiates it from N. meningitidis.
t N. catarrhalis is differentiated from N. flavescems by growth at 22° C.
N. flavescens is reputed to fail to grow at that temperature.

medium is preferable, however, and is prepared from the carbohydrate
broth base by adding 0.15 per cent agar.* A comparatively large
amount of inoculum (several colonies) is required to establish growth.
The inoculum should be placed in the top 0.5 cm. of the semi-solid
agar column. In Table 1 are listed the carbohydrate fermentation re-
actions of the various species of Neisseria.

7. Characteristics which aid most in distinguishing the gomococcus from
other important members of the genus Neisseria

1. The fermentation of the single carbohydrate glucose with the
formation of acid is the most dependable criterion for differentiating
the gonococcus from other members of the genus Neisseria (Table 1).

*® Prepared by Difco Laboratories, Inc., Detroit, Mich.
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2. A Gram-negative, biscuit- or coffee-bean shaped diplococcus,
observed in films prepared from exudates from the genital canal or
from “ oxidase-positive ”’ colonies from the same source usually proves
to be the gonococcus.

3. Colony formation readily distinguishes most strains of Neisseria
gonorrhoeae from the other species of Neisseria when grown on ascitic
fluid or chocolate agar. After incubation for from 24 to 48 hours they
are convex, transparent, from 1 to 3 mm. in diameter, and have un-
dulate margins. They are grayish and slightly opaque by transmitted
light. By their transparency and the character of their margins they
can usually be differentiated from young colonies of streptococci and
diphtheroids with which they are most frequently confused.

4. Growth on slants of an enriched medium is usually delicate.

5. The failure of a Gram-negative coccus to grow on plain agar,
especially a meat extract agar, at room temperature, points to the
gonococcus. Occasionally, a strain of Neisseria gonorrhoeae grows
well on unenriched media at room temperature.

8. Evaluation of findings

Routinely, it may be reported that a culture of the gonococcus has
been isolated from the specimen, if the following characteristics have
been observed:

1. Colony shows typical morphology (see 3 above).

2. Colony is “ oxidase-positive.”

3. Organism is a Gram-negative, biscuit-shaped diplococcus.

It should be emphasized that in medicolegal and doubtful cases or
when a Gram-negative gonococcus is isolated from sources other than
the genital tract, final identification should be carried out on carbo-
hydrate media.

9. Reporting results

Report, The gonococcus (or Neisseria gomorrhocae) was isolated in
culture, or . . . was not isolated in culture. 1If the original specimen
was unsatisfactory for culture, this fact should be reported and a second
specimen requested.

I DETERMINATION OF RESISTANCE TO PENICILLIN én vitro

The author has failed to date, January, 1949, to recover a strain of
the gonococcus that would grow in a concentration greater than 0.08
units of penicillin per ml. of medium.’* Yet several reports describing
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cases of penicillin-resistant gonorrhea have been published.!4-'® Inas-
much as such strains may develop in the population, a description of a
satisfactory technic employed to determine the resistance of the gono-
coccus to penicillin in vitro is described.

1. Media

Douglas’ broth with 0.05 per cent potassium nitrate, 0.04 per cent
potassium dihydrogen phosphate, and 5 per cent lapine blood is em-
ployed as the basic medium.

2. Technic

A culture is tested in varying concentrations of penicillin as follows:
0.2 ml. of a 48 hour blood broth culture of each strain of gonococcus is
inoculated into a series of tubes of the blood broth containing respec-
tively, 0.005, 0.01, 0.02, 0.04, and 0.08 units of crystalline penicillin G.
A control tube without penicillin is likewise inoculated. The total
volume of each tube is 3 ml. The culture is then incubated for 48
hours at 36° C.

After incubation for 48 hours, subcultures are made on chocolate
agar plates and incubated for 48 hours at 36° C. under CO; tension.
The plates are examined thereafter, and the first tube from which no
subculture is obtained indicates the inhibiting concentration of peni-
cillin,

E. COMPLEMENT-FIXATION TEST

The complement-fixation test described herein is as satisfactory as
any of the procedures now in use. It was developed in the research
laboratories of the New York City Department of Health by Thomson
and Hamann.'?

From 5 to 10 ml. of blood are collected by venipuncture for the
complement-fixation test for gonococcal infection. After the blood has

coagulated, the serum is removed and inactivated in a water bath at
56° C. for 4 hour.

1. Preparation and standardization of reagents

The reagents used in the test are (1) gonococcal antigen, (2) anti-
gonococcal human serum, (3) guinea pig complement, and (4) a
hemolytic system comprised of sheep red blood cells and hemolysin
prepared by the inoculation of rabbits with sheep cells. Human anti-



130 DI1AGNOSTIC PROCEDURES AND REAGENTS

serum with titers of 44, 34, 24, and 4 should be available for
the standardization of the reagents. Either of the two antigens rec-
ommended is suitable for use in the procedure outlined. The method
described is McNeil’s technic recently modified by Agnes C. Hamann '
of the Diagnostic Laboratories of the Department of Health of New
York City.

The total volume of the test is 0.5 ml. and, therefore, sufficient 0.85
per cent solution of sodium chloride (*saline”) is added to each tube
to bring the final volume to this amount.

a. Antigens
(1) Price’s Antigen as Modified by Torrey '8
(a) Cultures—Two strains of Neisseria gonorrhoeae are selected
according to sensitivity, antigenic activity, and absence of
anticomplementary properties of their protein fractions.
(b) Medium—Hormone-Veal-Peptone-Agar.'®
(c) Preparation:

(1) Inoculate surface of hormone-veal-peptone agar in
Kolle culture flasks with cells from a 24 hour growth
on slants of the same medium to which 1 part of
ascitic fluid has been added to 4 parts of the agar.
Better growth is obtained when the cells used for
inoculation are suspended in ascitic fluid rather
than in “saline.” Drain excess fluid from the sur-
face of medium 1 hour after inoculation and in-
cubate cultures for 24 hours at 36° C.

(2) Wash growth from each flask with 100 ml. of
“ saline ” and place in tall glass cylinder.

(3) Add 1.0 ml. of N/1 NaOH and place cylinder in
water bath at 37° C. for 2 hours.

(4) Filter through sterile lint.

(5) Adjust reaction of the filtrate to pH 6.4-6.6 by
adding from 1.5-2.5 ml. of 10 per cent trichloracetic
acid.

(6) After incubation at 37° C. for 20 minutes, centrifuge
and suspend precipitate in 4 ml. of “saline.”

(7) Adjust to pH 7.5 with N/10 NaOH.

(8) Add merthiolate to yield a final concentration of
1:10,000.

(9) Combine the two strains used in equal proportions.
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(d) Standardization of antigen:

(1) Make the following dilutions of the antigen: 1:§,
1:7.5,1:10, 1:12.5, 1:15, 1:17.5, 1:20 and test each
dilution as follows:

(2)
Tubel Tube2 Tube3 Tubed4 Tube5 Tube6 Tube
ml. ml. ml. ml. ml. ml. ml.

Antigen dilution 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Human serum 44- 0.02
Human serum 3+ 0.02
Human serum 24 0.02
Human serum + 0.04
Human serum normal No. 1 0.04
Human serum normal No. 2 0.04
Complement, day’s dilution 0.1 0.1 0.1 0.1 0.1 0.1 0.1

(3) Incubate in the water bath at 37° C. for 35 minutes.

(4) Add 0.2 ml. sensitized cells to each tube.

(5) Observe reaction after 30 minutes.

(6) Select that dilution of antigen which gives optimal
activity with each of the positive sera and no reaction
with the negative sera, and gives complete hemolysis
in tube No. 7.

(2) Cohn’s antigen
(a) Cultures—12 strains of Neisseria gonorrhoeae to insure a
wide range of antigenic activity.
(b) Medium—Chocolate agar.
(c) Preparation:

(1) Inoculate surface of medium in Petri dishes and incu-
bate for from 48 to 72 hours.

(2) Add 5 ml. of “ saline” to each Petri dish and sus-
pend the organisms carefully to avoid removing agar.

(3) Collect suspensions in 1 liter bottles fitted with glass
or rubber stoppers. Add phenol to yield a final
concentration of 0.5 per cent.

(4) Age antigen at 4° C. for 3 months before use.
(d) Standardization of antigen:
The standardization is carried out in the same manner as
described for the Price antigen.

b.Complement and sheep cell suspension
Best results are obtained from the use of a complement dilution
between 1:15 and 1:20; therefore, that combination of complement
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dilution and sensitized cell density is determined which give.s com-
plete hemolysis with the least amount of complement within this
range of dilution.
(1) Complement and sheep cell titration—

Tube 1 Tube2 Tube3 Tube4 Tubc5 Tube6

ml. ml. ml. ml. ml. ml.
Complement 1:20 dilution 0.08 0.07 0.06 0.05 0.04 0‘(2)3
Sensitized 5 per cent cells 0.2 0.2 0.2 0.2 0.2 0.
Tube 7 Tube 8 Tube9 Tube 10 Tube 11 Tube 12
ml. ml. ml. ml. ml. ml.
Complement 1:20 dilution 0.08 0.07 0.06 0.05 0.04 0.03
Sensitized 5 per cent cells 0.16 0.16 0.16 0.16 0.16 0.16

(or 0.2 ml. sensitized 4 per cent cells)
Tubc 13 Tube 14 Tube 15 Tube 16 Tube 17 Tube 18

ml. ml. ml. ml. ml. ml.
Complement 1:20 dilution 0.08 0.07 0.06 0 05 0 04 0 03
Sensitized S per cent cells 012 0.12 0.12 0.12 0.12 0.12

(or 0.2 ml. sensitized 3 per cent cells)
Tube 19 Tube 20 Tube 21 Tube 22 Tube 23 Tube 24

ml. ml. ml. ml. ml, ml.
Complement 1:20 dilution 0.08 0.07 0.06 0 05 0 04 0 03
Sensitized 5 per cent cells 0.1 0.1 01 0.1 0.1 0t

(or 0.2 ml. sensitized 2.5 per cent cells)

(a) Incubate in water bath at 37° C. for 30 minutes. If
complement is unusually active complete hemolysis will
occur with the sensitized 5 per cent cells as well as with
the sensitized 2.5 per cent cells. Therefore, use 0.2 ml.
of sensitized 5 per cent cells and determine the correct
dilution of complement: if tube No. 4 shows complete
hemolysis, 0.05 ml. of complement of 1:20 dilution repre-
sents the minimal hemolytic dose, and 0.1 ml. of comple-
ment of 1:20 dilution (2 units) should be used in the test
on the patient’s serum.

If the complement is low in activity, use 3 per cent or 2.5
per cent sensitized cells and the correct dilution of comple-
ment.

2. Technic of test
a. Pipette serum and reagents as follows:

(1) Test on patient’s serum:

- Tube 1 Tube 2 Tube 3
ml. ml. ml,
Patient’s serum to be tested 0.04 0 02 0.04
Antigen, as standardized 0.1 0.1 0
Complement of day's dilution 0.1 0.1 0.1
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(2) Controls:

(a) Positive human serum control—

Tube 1 Tube2 Tube3

ml. ml. ml.
Positive human serum 2 C.04 0 02 0.0%
Antigen, as standardized 0.1 0.1 0
Complement of day's dilution 0.1 0.1 0.1

(b) Antigen control—
Tube1 Tube2 Tube3 Tube4d

ml. ml. ml. ml.
Antigen, as standardized 0.1 0.2 0.3 0.4
Complement of day’s dilution 0.1 0.1 0.1 0.1

(c) Negative control—
Tube 1 Tube2 Tube3

ml. ml. ml
Human negative serum 0 04 0 02 0 0%
Antigen, as standardized 01 01 0
Complement of day's dilution 0.1 01 01

(d) Hemolytic system and cell control—
Tube 1 Tube 2
ml. ml
Complement 0.1 0

b. Incubate in water bath at 37° C. for 35 minutes.

c. Add 0.2 ml. of sensitized cells.

d. Incubate in water bath at 37° C. for 30 minutes.

e. Centrifuge at low speed all tubes except those showing complete
hemolysis. Observe. The negative and hemolytic system controls
should be completely hemolyzed.

The cell control should show no hemolysis.

The antigen control should show hemolysis in tubes 1 and 2 at least.
The positive serum control should give a 2 reading.

The readings on the patient’s serum should be based upon the
degree of hemolysis of the cells:

No hemolysis in both tubes is recorded as 44-.

No hemolysis in 0.04 ml., and only a trace in 0.02 is recorded as 3.
A trace of hemolysis in 0.04 ml., and about 50 per cent in 0.02 is
recorded as 2--.

About 50 per cent hemolysis in 0.04 ml. and 75 per cent in 0.02
is recorded as +.

3. Evaluation of findings and reporting results

The complement-fixation test for gonococcal infection is a measure
of the gonococcal antibody content of the serum of the patient.
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a.A positive complement-fixation test suggests one of the following—

(1) Present or past gonococcal infection.

(2) The use of gonococcal vaccines. )

(3) Cross-fixation with complement-fixing bodies resulting from
meningococcal infection.

A positive complement-fixation test is considered by some investi-
gators to indicate always the presence of gonococci in the tissues. Not
infrequently the serum from some patients remains positive for weeks
or even years after clinical and bacteriologic cure. Although the com-
plement-fixation test for gonococcal infection is regarded as a specific
reaction, nonspecific fixation does occur. In some instances this non-
specific fixation has been observed in serum from pregnant women and
from patients with severe disease caused by infectious agents other
than the gonococcus.

b. A negative complement-fixation test indicates one of the following—

(1) That the patient is free from gonococcal infection.
(2) That the serum was obtained in the early acute stage of the
disease before the formation of complement-fixing bodies.

(3) Adequate drainage of inflammatory exudates with insufficent
antigen absorbed to stimulate antibody production.

Patients with vulvovaginitis, acute anterior urethritis, or infection
of the lower birth canal may recover spontaneously or after chemo-
therapy without ever showing a positive complement-fixation test.

Occasionally the serum from a patient with a gonococcal abscess in
the Fallopian tube will give a negative reaction.

It is important that the physician correlate the results of the com-
plement-fixation test with the clinical and bacteriologic findings because
of the unreliability of the test at this stage of development.
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VII. REFERENCES

I. INTRODUCTION

THE etiological agent of pertussis is generally recognized to be
Hemophilus pertussis which was described by Bordet and Gengou!
in 1906. Respiratory disease indistinguishable clinically from pertussis
has been reported as having been associated occasionally with organ-
isms other than Hemophilus pertussis. Brown?® noted such symptoms
associated with Brucella bronchiseptica, and Eldering and Kendrick -4
reported a series of cases in which a closely related organism, called
by them a parapertussis bacillus, was apparently the cause; similar
reports have been made by Bradford and Slavin,® by Miller, Saito, and
Silverberg,® and others. These three organisms have much in common
in their cultural and serological characteristics and deserve further
taxonomic study. In this outline the discussion will be largely limited
to Hemophilus pertussis, which undoubtedly is associated with clinical
whooping cough in the majority of cases.

Laboratory tests are scarcely needed for the diagnosis of pertussis
when the characteristic symptoms of whooping and vomiting are
present. It is in the early stages of the disease, before paroxysms have
appeared and in atypical cases without paroxysms, that laboratory re-
sults have diagnostic significance.

Il. THE VALUE AND PRACTICAL LIMITATIONS OF LABORATORY
PROCEDURES

Diagnostic procedures which have been used by various labora-

tories include the lymphocyte count, microscopic examination of

sputum, isolation of pertussis bacilli by the plating of washed sputum
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or by the cough plate of Mauritzen, described by Chievitz and Meyer,’
or by the plating of nasopharyngeal swabs as described lzy Bradfm:d
and Slavin,® and complement-fixation, agglutination, opsonic, and skin
tests.

A. LympHOCYTE COUNTS

Lymphocyte counts have limited value. The characteristic rise in
the total and relative number of lymphocytes usually occurs only when
the paroxysmal stage is well established. The lymphocyte count cannot
be relied upon in making an early diagnosis, but may give valuable
information in differentiating an atypical attack of pertussis from a
persistent cough due to other causes.

B. EXAMINATION OF SMEARS MICROSCOPICALLY

The direct microscopic examination of stained smears of sputum is
without diagnostic value in pertussis. Gram-negative bacilli of proper
morphology may be seen in such a specimen, but cannot be identified
as Hemophilus pertussis. Hemophilus influenzae presents the same
morphology and staining characteristics as the organism under discus-
sion and is present as a secondary invader or as a part of the flora in
many cases of whooping cough.

C. IsoLATION OF HEMOPHILUS PERTUSSIS

The isolation of Hemophilus pertussis is of particular value in the
early stages of the disease or in a persistent cough of questionable
etiology. 1In general, it should be remembered that the organisms are
not recoverable from any sources other than the trachea, bronchi, and
lungs, and their secretions.

Fresh sputum expectorated by a patient suffering from pertussis may
be washed in three changes of sterile salt solution, and the thick,
tenacious strands coming from the lower respiratory tract plated on
Bordet-Gengou medium. Where suitable specimens can be obtained
and plated within a few hours, the results from this method are very
satisfactory. There are certain limitations to its use: (1) very young
children do not expectorate their sputum; (2) the specimen may be
contaminated with vomitus; (3) the specimen may contain only saliva
and mucus from the throat; or (4) the specimen may be overgrown
with saprophytic organisms between the time of collection of the speci-
men and its examination in the laboratory.
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The cultural methods which have given the most satisfactory results in
the hands of most experienced workers are the cough plate procedure
of Mauritzen in which the patient coughs on a plate of suitable medium,
and the method described by Bradford and Slavin® in which the
medium is inoculated by means of a nasopharyngeal swab. This latter
procedure is recommended especially for use with young infants.
Brooks, Bradford, and Berry,® and Saito, Miller, and Leach report
a higher percentage of positive findings with this method than with
the cough plate. Cruickshank !' in 1944 reported the successful use of
postnasal swabs obtained through the mouth, but apparently this
method has not been widely used. Cultural procedures are described in
Section III.

D. SerorocicaL TEsTS

Serological tests, i.c., agglutination, complement-fixation, and opsonic
tests, are of use in particular instances for the demonstration of anti-
bodies in the patient’s serum. Diagnostic information from these
methods is limited, since antibodies usually do not appear in significant
titer until the disease is in a moderately advanced stage. As in other
diseases, occasional individuals fail to produce demonstrable antibodies.
Serological tests have their place in the study of atypical coughs of
long duration and in the investigation of individual immunity resulting
from natural infection or artificial immunization.

E. INTRACUTANEOUS TESTS

Intracutaneous tests with various antigens and antigenic fractions
of Hemophilus pertussis have been studied by numerous observers.
Data are accumulating to suggest the usefulness of a skin test in the
study of the immunity status of children following immunization (See
Felton, et al.,'? Sauer and Markley,'® and Miller, Ryan, and Havard 4);
however, there is no indication of its value as a diagnostic procedure.

Il. THE ISOLATION OF HEMOPHILUS PERTUSSIS
A. DiagNosTic MEDIUM

All individuals reporting success in the isolation of Hemophilus
pertussis have used either the original medium of Bordet and Gengou!
or a modification of this formula. Simplifications, such as those re-
ported by Barksdale,” have been found incapable of supporting
growth of Hemophilus pertussis. The original formula of Bordet and
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Gengou called for 50 ml. of glycerin potato extract (liquid from 100 gm.
of tender, cooked potatoes autoclaved with 200 ml. of 4 per cent
glycerin), 150 ml. of “ physiological solution of NaCl (0.6 per cent),”
and 5 gm. of agar. For the final medium this base was mixed with an
equal amount of rabbit or human blood. Since the medium did not
contain peptone, it was considered less favorable to putrefactive
saprophytes.

The use of 50 per cent blood in this medium is impossible in large-
scale work. The Danish modification of the medium using 30 per cent
blood has given excellent results. With this medium, however, it is
impossible to detect the hemolytic zone which is caused by the growth
of Hemophilus pertussis. It is an excellent medium for the storage of
stock cultures as dissociation of the organisms is delayed for many
cultural generations. For diagnostic work it is possible to reduce the
blood content to between 15 per cent and 20 per cent if the salt balance
is adjusted. A modified formula has given very satisfactory results
(C.M. No. 34).

Penicillin is an effective agent in reducing the growth of Gram-
positive organisms on diagnostic plates. McLean,'® Fleming,'" and
Lawson '8 used crude culture filtrates of Penicillium notatum, spreading
8 to 12 drops over the surface of a previously inoculated plate. More
recently penicillin has been incorporated in the medium in the propor-
tion of one unit per ml. and has been used with success by Cruick-
shank,'® Kendrick,?® and others. In order to increase the number of
positive findings, it is suggested that two plates be used for each
patient, one with and one without penicillin.

B. DireCTIONS FOR OBTAINING A CouGH PLATE

1. Hold the uncovered plate of Bordet-Gengou medium 4 or 5
inches from the patient’s mouth during several expulsive coughs. If
necessary, induce a cough by tickling the throat with a swab, pressing
on the larynx, pressing on the trachea through the suprasternal notch,
or giving a drink of ice water.

2. Cover the plate as soon as possible after obtaining the specimen
in order to avoid contamination.

3. Send the plate to the laboratory as soon as possible to facilitate
early incubation and early reporting. Plates may be kept at room
temperature for some time and still be of use for diagnosis, but this
procedure is not to be recommended because of the resulting delay.
On the history slip, the type of cough to which the plate is exposed



HEMOPHILUS PERTUSSIS 141

should be described as natural or induced, and the severity likewise
indicated. Shallow coughs may give rise to positive culture findings,
but should never be relied upon as negative evidence. It is best to
mark such plates “ Unsatisfactory” at the time they are taken and
secure a second more suitable specimen.

In transporting the plates to and from the laboratory they may be
held together by heavy rubber bands and placed in manila envelopes
with accompanying history slips. Pyrex plates may be sent through
the mail wrapped in corrugated paper and placed in tightly fitted
boxes. In Denmark, aluminum plates have been used with considerable
success in transporting medium and cultures through the mail;
aluminum culture boxes are also used by Sauer.!

C. THE NASOPHARYNGEAL SWAB

In many instances, particularly in infants and in children with mild
coughs, obtaining a satisfactory cough plate is difficult, and inoculation
of the medium by means of a nasopharyngeal swab is much more suc-
cessful. As described by Bradford and Slavin® the swab consists of a
small bit of cotton tightly wrapped about the end of a thin flexible
wire* The prepared swab should be carefully inspected before
sterilization to make certain that the cotton is secure on the wire and
that the swab is very small and slender and entirely smooth.

The sterile swab is passed gently through a nostril into the naso-
pharynx of the child while his head is immobilized to prevent injury.
Often a cough is induced which increases the chances for successful
results, especially if the swab is allowed to remain in place during a
coughing paroxysm. If resistance is encountered because of a large
turbinate, deviated septum or adenoids force should not be used. It is
occasionally not possible to pass the swab through either nostril.

The inoculated swab is withdrawn from the nostril and streaked
immediately over a portion of a plate of Bordet-Gengou medium. The
inoculum is then spread over the entire plate with a platinum loop. If
medium containing penicillin is used the swab may be streaked directly
over the entire plate.

D. INCUBATION AND EXAMINATION OF PLATES

1. Incubate the plates at 37° C. and examine them several times
during the first 48 hours to detect molds and other spreading colonies

*A -wire that has been found satisfactory is braided bronze trolling line 2 No. 100B (300
ft. winders) manufactured by Edwards Mfg. Co., 2215 So. Michigan Ave., Chicago 16, 11l



142 Di1aGNoOSTIC PROCEDURES AND REAGENTS

which might later overgrow the plate. With a sterile needle or scalpel
remove the agar surrounding and supporting such spreaders,

2. Examine the plates after about 40 hours for the colonies of
Hemophilus pertussis. With a bright light and a hand lens examine
the plates by transmitted light to detect hemolysis and by reflected
light to detect the typical colony appearance. Examine the plates
twice daily until Hemophilus pertussis is found. Discard the plates
after S or 6 days if no colonies have been identified.

E. CRITERIA FOR IDENTIFICATION OF COLONIES OF HEMOPHILUS
PERTUSSIS

1. Colony appearance

Hemophilus pertussis colonies appear smooth, raised, glistening,
pearly, almost transparent, and not over 1 mm. in diameter. Colonies
of Gram-positive cocci are generally duller, darker, and more opaque.
Colonies of Hemophilus pertussis are surrounded by a characteristic
zone of hemolysis, a zone which is not sharply delimited but which
merges somewhat diffusely into the surrounding medium. This zone
usually is absent when 30 per cent or more blood is used in the medium.

2. Consistency of the growth

The consistency of the growth and the manner of its diffusion into
water are typical of Hemophilus pertussis. The growth is homogeneous
and when placed in a drop of water or salt solution it spreads, showing
first a momentary clumping effect which disappears with very slight
agitation, and leaves a smooth homogeneous suspension.

3. Morphology and staining reactions

Stained by Gram’s method Hemophilus pertussis decolorizes readily,
much more readily than Hemophilus influenzae. Microscopic examina-
tion of a stained smear will show small faintly stained coccoid bacilli
scattered evenly throughout the film. They occur for the most part
singly and in pairs, occasionally in short chains. The organisms are
almost invariably less than 1 micron in length. Smooth, freshly isolated
organisms show little pleomorphism. Strains maintained for long
periods on laboratory media may show smooth-to-rough changes in-
cluding marked pleomorphism, threadlike filaments, and thick bacillary

forms, but these atypical organisms are not encountered in diagnostic
work.
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4. Slide agglutination test

Suspend the suspected colonies in a drop of saline on one end of
the slide. On the opposite end of the slide, mix several loopfuls of
this suspension with several loopfuls of Hemophilus pertussis antiserum
diluted 1 to 500, or 1/10 of the titer of the serum. If the colonies are
Hemophilus pertussis, there will be almost immediate agglutination.
The result is significant only if the control suspension without serum
remains smooth and shows no clumping. The technic of the quanti-
tative agglutination test is described later.

S. Identification by subculture

If there is insufficient growth for a slide agglutination test, colonies
of Hemophilus pertussis may be transferred to another plate. After
24 hours’ incubation there is usually sufficient growth for a slide agglu-
tination test.

F. THE PARAPERTUSSIS BACILLUS AND BRUCELLA BRONCHISEPTICA

The parapertussis bacillus is occasionally encountered from patients
with pertussis-like symptoms. Also Brucella bronchiseptica has been
reported from human beings in a few instances. Colonies of both these
species on Bordet-Gengou medium resemble Hemophilus pertussis in
all respects except that they develop more rapidly and grow to a larger
size. These organisms are also morphologically indistinguishable from
Hemophilus pertussis. Differentiation is based on agglutination tests
and biochemical characteristics. Since cross-agglutination may occur
to a relatively high titer, care must be taken in performing slide
agglutination tests to use serum dilutions beyond the range of the
cross-reactions, or preferably, to use absorbed antisera for the three
strains. The following chart indicates the differential cultural charac-
teristics of the three organisms.

Characteristic H. pertussis parapertussis Br. bronchiseptica
Growth on agar without
Brown pigment produced
in peptone medium - + -
Motility - - +

Reduction of nitrates
to nitrites : - - +
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G. REPORTING THE REsuLts ofF CouGH PLATE EXAMINATION
1. Positive report

Plates showing colonies with the cultural and morphological charac-
teristics of Hemophilus pertussis and giving positive agglutination with
specific antiserum should be reported as soon as found, “ Hemophilus
pertussis found.”

2. Negative report

Plates showing no colonies of Hemophilus pertussis by the 4th day
should be reported “ Hemophilus pertussis not found to date.” Such
plates should be incubated for an additional day or two before being
discarded. In the rare instance of a positive finding after the first
report, an additional report may be made, “Hemophilus pertussis
found after further incubation.”

3. Unsatisfactory plates

If the cough plate shows a very scanty inoculation or overgrowth
with molds or other saprophytic organisms making the report on
Hemophilus pertussis unreliable, a negative report should not be made
but the plate reported unsatisfactory and the reason given. Also, a
negative report should not be made if the history slip indicates that the
cough plate exposure was unsatisfactory. Another specimen should
be obtained immediately.

IV. PURE CULTURE STUDIES OF HEMOPHILUS PERTUSSIS
A. CULTURAL AND STAINING CHARACTERISTICS

To preserve their antigenic stability, cultures should be maintained
on Bordet-Gengou medium containing at least 15 per cent blood.
Some workers believe 30 per cent blood is preferable. It is recom-
mended that for storage, cultures suspended in sterile skimmed milk
be subjected to the lyophile process.

It is possible to adapt cultures of Hemophilus pertussis to other
media such as blood agar, chocolate agar, brain-veal agar, or infusion
agar; but in the process of adaptation, the organisms dissociate, lose
their smooth characteristics, and become intermediate or rough forms.
These latter usually are non-pathogenic, show increased electrophoretic
migration velocities and are serologically and culturally altered as
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compared with the original parent strain. In this outline we are con-
cerned only with smooth cultures, the group designated Phase I by
Leslie and Gardner.?? These cultures invariably are isolated from
patients with pertussis, whereas dissociated forms result from laboratory
manipulation.

The colony appearance on Bordet-Gengou medium and the staining
characteristics of Hemophilus pertussis have already been described.
Capsules can be demonstrated by proper technic, perhaps the most
satisfactory result being obtained by using the stain devised by
Lawson.

Hemophilus pertussis is strictly aerobic and grows best at a tempera-
ture of 34 to 37° C. A formula based upon that of Bordet-Gengou
(C.M. No. 34) seems to be essential in providing for the growth re-
quirements and maintaining the characteristics of smooth strains. How-
ever, it has been demonstrated by several workers including Horni-
brook,?® Verwey,** and Cohen and Wheeler,2> that smooth strains can
be maintained for at least a few generations on defined liquid media
which do not contain blood. With regard to the usual biochemical tests
applied to bacteria, the pertussis organism is peculiarly inert. It does
not ferment carbohydrates, form indol, or reduce nitrates; it does not
liquefy gelatin. Litmus milk is slowly rendered alkaline. The produc-
tion of alkali is a characteristic of all forms of Hemophilus pertussis
whether smooth or dissociated, and all media will have a final alkaline
reaction—approximately pH 8.0. Catalase is produced; tests for this
enzyme may be made with H:0. on washed, aerated suspensions of
Hemophilus pertussis grown 48 to 72 hours on Bordet-Gengou medium,
with a technic essentially as described by Farrell.'8

B. SEroLoGICAL REACTIONS

It is generally accepted that smooth cultures of H. pertussis form a
serologically homogeneous group.

Results of agglutination tests reported by various workers, including
Kristensen *® and Kendrick and Eldering *? support this view. However,
the finding of occasional poorly agglutinating strains when tested with
certain antisera, suggests the need for further study of antigenic rela-
tionships.

The following procedure for rapid determination of agglutinins is
essentially the technic of Noble *® applied to pertussis studies by Kend-
rick 20-20
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1. Technic of rapid agglutination test

a. Antigen preparation’ )

With a stiff bent needle, remove the growth of Hemophilus pertussis
from Bordet-Gengou medium incubated for 36 to 72 hours and suspend
in salt solution. If the suspension is not entirely smooth, filter it
through a thin layer of cotton. A technic for preparing simple filters
for this procedure has been outlined by Kendrick.?® Adjust the
turbidity of the suspension to approximately 20 billion organisms per
ml. If a photometer is not available for adjustment of the turbidity
of the suspension, it is sufficiently accurate for the agglutination test
to consider McFarland density tube No. 3 as roughly equivalent to
10 billion Hemophilus pertussis per ml.

b. Preparation of antiserum

Immunize a rabbit against a smooth culture of Hemophilus pertussis.
The antigen should be a suspension containing 10 billion organisms
per ml. of culture grown on Bordet-Gengou medium (C.M. No. 34)
for not more than 72 hours and killed by contact with a 1:10,000
solution of merthiolate or phenol 0.5 per cent for at least 48 hours
at 4° C. Inject four doses of this vaccine—0.2, 0.4, 0.8, and 0.8 ml.
respectively, per kg. of weight—intravenously, at 3 or 4 day intervals.
One week after the fourth injection make a trial bleeding. If the
agglutination titer against the homologous strain and several recently
isolated strains is satisfactory, bleed the rabbit from the heart and
collect the antiserum. The titer should be 1:4,000 or more by the
rapid test. Occasionally the titer will be found satisfactory after the
third injection, and sometimes a rabbit will require more than the
usual four injections.

c. Dilution of antiserum
Dilutions may be prepared conveniently as follows:

Tube Serum Dil. Serum Dil. Serum

No. Required to be Used ml. Saline
1 1:10 undiluted 0.3 2.7
2 1:50 1:10 1.0 4.0
3 1:100 1:50 2.5 2.5
4 1:250 1:100 1.0 1.5
5 1:500 1:100 0.5 2.0
6 1:750 1:100 0.5 3.25
7 1:1,000 1:100 0.7 6.3
8 1:1,500 1:1,000 2.0 1.0
9 1:2,000 1:1,000 1.0 1.0
10 1:2,500 1:1,000 1.0 1.5



HEMOPHILUS PERTUSSIS 147

d. Agglutination test

Mix 0.1 ml of each serum dilution with 0. ml. of antigen in
agglutination tubes, the measurements being made with graduated
pipettes. For an antigen control, mix 0.1 ml. of saline with 0.1 ml. of
antigen. .

Shake the serum-antigen mixtures by hand for 3 minutes, rocking
the racks at the rate of approximately 60 back-and-forth motions per
minute, and in such a way that the contents flow about three-quarters
of the length up the tube.

After the period of shaking, add 0.5 ml. of physiological salt solution
to each tube to facilitate reading. The Hipple pipetting apparatus,
which is frequently used in the Kahn test, set to deliver 0.5 ml. of
saline, is convenient for large series of tests.

e. Reading the results

Read the reactions immediately after adding saline. Record each
reaction as —, =+, 1, 2, 3, or 4 plus, according to the degree of agglu-
tination. In determination of the titer, 2 plus is the lowest reading
to be considered as an endpoint.

It is pointed out that the titers in this rapid test are not directly
comparable to those obtained in other tests where the concentration of
antigen, the total volume of reagents, and the time and temperature
of incubation are dissimilar.?!- 22

C. REACTIONS IN ANIMALS

Whooping cough has been transmitted to monkeys by the injection
of Hemophilus pertussis cultures, according to the reports of several
workers, including Sauer and Hambrecht,3! Shibley,3? Culotta, Harvey,
and Gordon,?® and Rich, Long, Brown, Bliss, and Holt.3* Certain
characteristic reactions follow the intraperitoneal injection of smooth
Hemophilus pertussis cultures in rabbits, guinea pigs, and mice; in
mice, pertussis pneumonia may be produced by intranasal or intra-
tracheal injections, and encephalitis by intracerebral injections. These
reactions constitute helpful criteria for the study of Hemophilus pertussis.

1. Skin reactions

A skin reaction is produced in rabbits and guinea pigs by the intra-
cutaneous injection of a living suspension of smooth Hemophilus
pertussis. Within a few hours after injection there is an ischemic,
indurated area at the site of injection. By 24 hours a purplish center
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appears, surrounded by an ischemic ring and, beyond that, the outer
part of the indurated zone appears inflamed and may show an arboriza-
tion of capillaries. The central zone shows a dark purple necrotic
area after 48 hours. Within a few days, depending upon the intensity
of the reaction, a scab forms over the purple zone, and later a scar
indicates the site of inoculation. A dose of 0.1 ml. of a 2 billion per ml.
suspension gives a reaction about 1 cm. in diameter.

2. Intraperitoneal injection

The intraperitoneal injection of mice and guinea pigs with a suitable
dose of smooth Hemophilus pertussis is followed by death and char-
acteristic gross and microscopic pathology at autopsy. The fatal dose
shows considerable variation with individual animals. Usually a dose
of 1 ml. of a 10 billion per ml. saline suspension kills a 15 to 18 gm.
mouse within 72 hours. A larger dose is usually required for guinea
pigs. At autopsy there is observed a more or less extensive hemorrhagic
area in the peritoneum at the site of injection, and occasionally an
area of necrosis in the skin. The peritoneal fluid is increased; markedly,
in the guinea pig. Frequently all organs and membranes are covered
with a sticky mucoid exudate. Grossly, the heart, lungs, liver, and
spleen show no changes. There may be marked congestion around the
reproductive organs. Ilemophilus pertussis may be recovered with
ease from the peritoneal fluid. Cultures from the heart’s blood of the
mice usually show Hemophilus pertussis.

A report by Silverthorne 3 records the use of mucin for suspending
the infecting dose of pertussis organisms.

3. Intranasal injcction

The intranasal injection of susceptible strains of mice under
anesthesia as described by Burnet and Timmins 3¢ is followed by death
of a large percentage of the animals. The dose must be determined for
a particular set of conditions but is usually about 1,000 million
organisms, or 0.04 ml. of a 25 billion per ml. suspension. At autopsy,
pneumonia is indicated by gross and microscopic pathology. The
pathological picture has been described in detail by Bradford.
Hemophilus pertussis may be recovered in a large percentage of the
animals from the pleural fluid, lungs, trachea, and heart’s blood.
Reports on the use of this method have been made by Lawson,?®
Miller, and also by North, ef al.”® The intranasal infection of young
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rats with the production of experimental pertussis has been reported by
Hornibrook and Ashburn?’; intraperitoneal and intratracheal routes
have been used with success by Sprick.*!

4, Intracerebral injection

The course of disease in mice following intracerebral injection of
an infective dose of Hemophilus pertussis has been described by Kend-
rick, Eldering, Dixon, and Misner.** There is an incubation period of
several days after which the infected mouse shows a series of typical
symptoms, Encephalitis is followed by death usually between 4 and
14 days after injection. In general, a dose of 107 organisms of a smooth
strain kills the majority of a group of 16 to 20 gm. white mice. The
more virulent strains kill the majority of mice in a dose of 10% or less.

The intracerebral route for infection of mice is useful as a method of
determining the relative virulence of cultures; and also, in protection
tests, for studying their relative antigenicity.

V. SEROLOGICAL PROCEDURES IN THE DIAGNOSIS OF
PERTUSSIS

The limitations of serological procedures have been discussed in the
introduction. For those who wish to employ these methods under
the conditions in which they are applicable, the following suggestions
are made as to technic.

A. AGGLUTINATION

For testing a patient’s serum, the technic already described may be
used except that lower serum dilutions should be included. A con-
venient series is 1:2, 1:4, 1:8, 1:16, 1:32, 1:64, etc. The series may
be extended or modified to meet the needs. A technique modified for
testing children’s sera has been described by Miller and Silverberg.*3
In two studies (Miller, Saito, and Humber,** and Sako *%), both using
this technique, it was found that vaccinated children carrying high titers
of agglutinins were clinically immune but, on the other hand, children
with low titers were not necessarily susceptible.

B. COMPLEMENT-FIXATION

A description of the technic of complement-fixation is omitted as
this procedure has not been studied sufficiently with newer antigens
made from smooth organisms and with the modern technic of com-
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plement-fixation. Smooth organisms were used in this test by a number
of the earlier workers—prior to 1910; but in much subsequent work
antigens of dissociated forms have been used. Both technic and inter-
pretation need reinvestigation. Kristensen and Larsen*® reported on
the use of complement-fixation in 1926. Other authors include
Doughtry-Denmark,*” Weichsel and Douglas,*® Paton,* and Mishulow,
Siegel, Leifer, and Berkey.®®

C. OrsoNIiC REACTION

The method given here was used by Kendrick, Gibbs, and Sprick 5!
in pertussis studies. Reports on the opsonic test in pertussis have been
made also by Singer-Brooks and Miller * and by Bradford and Slavin.®3

The technic follows.

1. Materials

a. Antigen: a 20 billion per ml. suspension of Hemophilus pertussis,
preserved with merthiolate 1:10,000

- Sodium citrate solution, 4.0 per cent

- Hastings’ stain, filtered, or Wright's stain may be used

. Lancet, for drawing blood

. Blood pipette, 0.1 ml. graduated in hundredths

. Test tubes, 3 x 34", with stoppers to fit

. Capillary pipettes

0 >0 a0 o

2. Collection of blood

Blood may be collected as for a blood cell count from the finger,
toe, heel, or ear.
a. Draw 0.02 ml. of 4 per cent sodium citrate solution into the pipette
and then blood, up to 0.1 ml. This makes a final concentration of
0.8 per cent sodium citrate.
b. Blow out the citrated blood into a test tube and mix gently but
thoroughly. 1If the test is not to be completed immediately, the tube
should be plugged to prevent evaporation. Tests have been found
satisfactory up to at least 3 hours after collection of blood.

3. Preparation of antigen blood mixtures

Add 0.1 ml. of antigen to the citrated blood and mix by rocking
back and forth gently for 1 minute.
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4. Incubation

Place the antigen-blood mixture at 37° C. for 30 minutes.

5. Preparation of slides

a. Rock the incubated antigen-blood mixture back and forth for 1
minute to redistribute the cells and organisms.

b. With a capillary pipette, remove some mixture from the tube and
place a drop on the end of a clean slide. A blood drop 5 mm. in
diameter is the correct size for a satisfactory film.

c. Touch the drop of blood with the edge of another slide so that the
blood follows as the slide is pushed gently almost to the end of the
first slide. The blood should have been completely used before the
end of the slide is reached.

d. Dry the film in air.

e. Stain the film by flooding with 0.5 ml. filtered Hastings’ stain. After
20 seconds add 1.0 ml. distilled water and allow to stand 10 minutes.
Wash with distilled water and dry in air.

6. Examination of stained films

Select a field in which the organisms and cells are well distributed.
Observe the first 25 polymorphonuclear neutrophiles encountered.
Count the number of phagocytized organisms in each and classify the
cells in the following groups: 0, 1-5, 6-20, 21-40, 41 or more, according
to the number of bacilli in the cells. Exclude eosinophils from the
count as well as disintegrated cells and cells covered by large clumps
of bacilli when it cannot be determined whether the bacilli are phago-
cytized or merely on top of the cells.

7. Reaction rating

In general, the reaction is strong, moderate, slight, or negative,
according to the relative amount of phagocytosis. A method for inter-
preting the findings quantitatively is given in the paper by Kendrick,
et al.® and includes the following steps:

a. Multiply the number of cells in the groups 0, 1-5, 6-20, 21-40, and
41-60 or more by the assigned factors 0, 1, 3, 8, and 12, respectively,
in series. Add the products.
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b. Rate the reaction according to the following outline:

Sum of Products Reaction Rating
0- 25 negative —
26-100 weak 14
101-200 moderate 24
201--300 strong 3+

8. Interpretation

It cannot yet be said how closely the results of the opsonic test
correlate with protection, but the results of several workers, including
Rambar, Howell, Denenholz, Goldman, and Stanard,®* suggest that
a high titer of opsonins is correlated with protection. It is known
that there is a marked increase in opsonins following pertussis and
also following injections of an active vaccine of Hemophilus pertussis.
A high level is maintained for several months. The reactions may be
slightly weaker after 6 months and relatively weaker as the interval
after disease or immunization increases. The reaction in children with
no record of a pertussis attack or immunization, usually is negative or
weakly positive.

VI. LABORATORY PROCEDURES IN THE DETECTION OF CARRIERS
AND FOR THE REGULATION OF ISOLATION
AND RELEASE

A. DETECTION OF CARRIERS

There have been few reports of healthy carriers of Hemophilus
pertussis. Luttinger’s®® frequently cited “ Pertussis Pete,” assumed
by him to be a carrier, was convalescing from an attack of whooping
cough. Miller,’® using the nasopharyngeal swab of Bradford® found
Hemophilus pertussis in three of twelve familial contacts to pertussis.

Convalescents may carry Hemophilus pertussis for some time. It is
probable that 90 per cent of cases of whooping cough become non-
infectious within the first 5 weeks of the disease. In rare instances
the organisms have remained after the 8th week of the disease. Kris-
tensen 57 has reported one positive cultural finding from a child in the
10th week of the paroxysmal stage. Kendrick and Eldering®’ have
had positive findings in the 9th week of disease in 2 instances.

It is not uncommon to encounter mild cases of whooping cough
which never reach the threshold of clinical recognition. These cases
might never be suspected were it not for known familial exposure,
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and their nature could never be proved without bacteriological findings.
These individuals might be classed as carriers by some, as there is no
definite clinical evidence of the typical disease other than a cough
and a possible slight fever of short duration. To our minds, however,
these individuals have mild or abortive attacks, similar in every respect
to scarlet fever without a rash and the mild types of other com-
municable diseases which furnish an unsuspected reservoir of infection
in the community. Second attacks of whooping cough generally assume
this mild form and are usually undiagnosed by the clinician. Such
mild attacks and early cases still in the catarrhal period are the most
dangerous reservoirs of infection in the community and serve to keep
the disease at endemic levels at practically all times. The finding of
“carriers ” therefore, is in reality a matter of finding cases.

B. IsoLATION AND RELEASE

The use of laboratory procedures as a basis for isolation and release
cannot be recommended for general use. In the first place, adequate
laboratory facilities are not generally available. Also, the results of
bacteriological studies indicate pretty clearly that very few patients
with pertussis are infectious more than 5 weeks after onset of symp-
toms. This gives a sound basis for release based on an isolation period.
Under certain conditions, however, when adequate laboratory service
is available, advantage is gained by basing release on several con-
secutive negative cultures. It makes possible the release of children
with short, mild attacks as soon as negative cultures indicate their
non-infectiousness; the procedure lends itself particularly well to hospi-
tal and institutional practice.
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I. INTRODUCTION

ALTHOUGH bacteriological data are of assistance to the physician
as supporting evidence in diagnoses of diphtheria arrived at on
clinical grounds, and often suggest a correct diagnosis when clinical
evidence is not clear, the diagnosis of diphtheria in human beings is
a responsibility solely of the physician. On this point he should,
therefore, regard the bacteriological laboratory merely as a source of
corroboratory evidence. On the other hand, in the enforcement of
quarantine and in studies of epidemiology, the carrier state, suscepti-
bility, and the effects of antigens, the laboratory may reasonably be
expected to assume responsibility for furnishing the physician not only
with accurate data as to the presence, type, and virulence of strains
of Corynebacterium diphtheriae, but also with reliable toxin and control
materials for the Schick test and methods for determining and inter-
preting the antitoxin content of the blood serum.

It is the purpose of this section to present: (a) Methods by which
the bacteriological laboratory may aid the physician in the diagnosis
of suspected cases of diphtheria; (b) means of assisting the epidemi-
ologist by isolating pure cultures of Corynebacterium diphtheriae and
determining their type and virulence; and (c) methods for estimating
the susceptibility of various persons to diphtheria by (1) the Schick
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test, and (2) accurate measurements of the amount of antitoxin in the
blood serum. In order to give an added value to the protocols, they
are preceded by a brief summary of some of the more important con-
cepts upon which the methods are based. The whole is presented
under two headings: Bacteriological Considerations, and Immunological
Considerations. Bacteriological Considerations will be discussed first.

Il. BACTERIOLOGICAL CONSIDERATIONS

A. CuLTUrRES FROM PATIENTS AND CONVALESCENTS

In frank cases of diphtheria of the respiratory tract Corynebacterium
diphtheriae is usually present in large numbers in the lesions and mem-
branes, and experience has shown that the diphtheria organisms in such
cases, when cultivated on a proper medium and stained in an ap-
propriate manner, are quite easily recognized. Further, in such cases
experience has shown that the presence of morphologically typical
organisms in a typical lesion may usually be accepted as presumptive
evidence, not only of the identity, but also of the virulence * of the
organisms. On the basis of such evidence, the physician usually ad-
ministers antitoxin if he has not previously done so on the grounds
of his own clinical observations. Completed evidence of the identity,
virulence, and type of the organism in question should be obtained
later, after isolation of a pure culture of C. diphtheriae from the patient.

Due to the relatively large numbers of diphtheria bacilli nearly
always found in cultures made from diphtheritic lesions, the isolation
of these organisms by the use of the medium described herein is a
relatively simple matter in clinically typical cases.>® Even in con-
valescent carriers the diphtheria organisms persisting in the throat or
nose retain for weeks or months their characteristic growth form, mor-
phology, and staining reaction, and often their relative numerical
status, so that isolation is seldom difficult unless the convalescence is
of very long duration. Further, the virulence of the organisms in con-
valescent carriers invariably remains unchanged with respect to the
guinea pig, chick, or rabbit, so that frequent tests are not necessary
except for administrative reasons.*® In general, the same remarks
apply to carriers in immediate contact with cases.

* There is, however, some evidence that virulence for human beings is not always detected
by the usual * virulence tests '’ in animals.}
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B. CULTURES FROM DOUBTFUL SOURCES AND HEALTHY CARRIERS

It is in dealing with cultures from doubtful cases, as a rule, or in
examining those taken in the absence of any lesion, especially swabs
from healthy, “casual ” carriers (as opposed to known convalescent
carriers or case-contact carriers), that difficulty may be encountered in
demonstrating the presence of true Corynebacterium diphtheriae by
means of the microscope, or in excluding from consideration, by micro-
scopic methods, certain organisms (diphtheroids) which closely resemble
this species. Further, it has been shown that, under conditions of low
morbidity, virulent diphtheria organisms in original cultures from
healthy carriers may occur in morphologically unrecognizable (coccoid)
forms, and that a large proportion of strains from healthy carriers even
when typical in morphological, tinctorial, and cultural properties, may
be totally avirulent.””8* The proportion of these avirulent strains in
any carrier group varies from a very few up to as high as 100 per
cent® Therefore, the isolation and study in pure culture of suspect
organisms from doubtful sources, carriers, or convalescents of long
standing, are an essential part of the work of the public health labora-
tory since they are the only means of identifying the organisms with
certainty and establishing their virulence or avirulence beyond doubt.

C. DETERMINATION OF TYPE

For several years considerable interest has centered around differ-
entiation of the so-called gravis, mitis, minimus, and other types of
Corynebacterium diphtheriae.}>'? These differentiations are based
entirely on cultural tests, such as starch fermentation, etc. Originally
it was thought that the gravis type was related to severe cases which
were refractory to serum therapy, and the mitis type to mild cases and
to carriers. It is now clear that in the United States, at present, there
is no correlation between any of these cultural types of diphtheria
bacillus and any clinical form of the disease.!% 14

Type determination as at present performed can have little signifi-
cance for clinical diagnosis as related to therapy because of the time
(at least 1 week) required and because the toxins produced by all
types appear to be identical.’® The importance of typing to epidemi-
ology, and hence, ultimately, to the practising physician and health
officer, can be finally evaluated only when more exact data, ob-

* As measured by animal virulence tests.
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tained by comparable methods, are at hand. So far, very few com-
parable studies have been made.

D. QUARANTINE AND RELEASE

In diphtheria, as in certain other infectious diseases, the problem of
release from quarantine is often a complex one. “ Release cultures”
taken at intervals may indicate that an individual is harboring virulent
diphtheria organisms over an indefinite period. Release then becomes
a matter of judgment on the part of the health officer in charge. The
question may involve medical, administrative, epidemiological, bac-
teriological, economic, and even police factors. It is obviously not
practical to deal with all of these details in this discussion.

As to the need for prolonged quarantine, opinions vary as to the
persistence of virulence in diphtheria organisms. However, all who
have studied the question experimentally agree that a strain of Coryne-
bacterium diphtheriac, once virulent (as tested in animals), and so long
as it retains its typical morphology and cultural characters so as to be
recognizable as C. diphtheriae, is always virulent, but is not neces-
sarily always highly infectious or pathogenic for human bcings. As a
rough guide it may be said that in convalescent carriers of up to at
least 4 weeks’ duration, a dangerous degree of infectiousness and
pathogenicity for human beings of the organisms may be
assumed.! 40, 16-21  There is, however, reliable epidemiological experi-
ence which suggests that after an indefinite period, possibly about 4
weeks, in the absence of any pathological condition of the upper
respiratory tract, the danger from the diphtheria convalescent is
reduced.?>** The virulence of the organisms, as judged by the usual
tests in guinea pigs, rabbits, and chicks, however, continues unchanged.
On the other hand, questions have been raised,!- - ** 6 concerning the
reliability of the animal virulence test as a guide to virulence for human
beings. Further evidence is needed along these lines.

E. SumMARY

From the foregoing discussion it is evident that in bacteriological
investigations of diphtheria at least two, and possibly three, sorts of
evidenge are required. These are:

1. Presumptive Evidence
a. Microscopical demonstration of the presence of morphologically and
tinctorially typical Corymebacterium diphtheriae, after cultivation on
some suitable medium, preferably Loeffler’s, may be accepted as cor-
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robatory evidence in the aid of, or confirmation of, diagnosis in frank
or clinically suspicious cases. The absence of such organisms in smears
does not exclude diphtheria.

2. Completed Evidence

a. Isolation of the organism in pure culture and demonstration of its
identity as Corynebacterium diphtheriae by

(1) Morphological examination

(2) Fermentation of dextrose without gas *

(3) Failure to ferment saccharose *
b. Demonstration of virulence (or avirulence) by test with the pure
culture, in animals with specific controls (see below). Virulence tests
with mixed or “ whole” or “field ” cultures often give entirely errone-
ous results,

3. Evidence as to Type (optional; for special studies)

a. Completed evidence as to identity and virulence (or avirulence) as
outlined above.
b. Demonstration of the presence or absence of the properties charac-
teristic of various biochemical types; e.g.—

(1) Glycogen fermentation

(2) Starch fermentation

(3) Colony form

(4) Pellicle formation on broth

(5) Absence of hemolysin production (Hammerschmidt qualitative
method)

(6) Rapid (4 to 5 days) reversion of pH of broth cultures from acid
to alkaline

Ill. BACTERIOLOGICAL METHODS

The bacteriological procedures outlined below, while not the only
ones available T, f have been selected because, if carefully followed, they
are known to yield satisfactory results in the collection of presumptive

* Strains of virulent C. diphtherive which ferment saccharose or which fail to ferment dex-
trose, or both, have been encountered. While they are not common in the United States at
present (1947), 27 2 their existence robs these fermention tests of much of their value,

1 For example, the maodification of the Folger-Solé method, devised for original diagnostic
cultures by Brahdy, et al.,,® seems to have definite value in certain situations, especially in
hospital diagnosis, and in individual instances. The older Loeffler method is here recommended
because it is more familiar, is more generally applicable to hcalth department practice, and
has advantages, especially with respect to moisture content and the danger of dryimg out,
not possessed by the serum-swab method.

3 The use of the direct smear in obtaining presumptive evidence of diphtheria is not rec-
ommended, on the grounds that it is wsually mislcading. It is of value, however, in giving a
clue to Vincent's angina when the culture is negative for diphtheria, and should not be neglected.
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and completed evidence and in the determination of type in diphtheria
studies. The use of this outline by diphtheriologists will have the
added advantage that results obtained in different laboratories may be
reasonably comparable and, therefore, possess enhanced value for
large scale epidemiological investigations.

A. COLLECTION OF SPECIMENS

Routinely, material may be collected from nose or throat on wooden
or aluminum applicators padded with absorbent cotton. It is con-
venient, in preparing swabs, to pad some of them with a minimum of
cotton for use in the nose. Swabs are best sterilized and kept in sterile
tubes until used.

Two sterile swabs should be used for each person cultured, one to
obtain material from the throat lesions or tonsillar crypts, the other
to be passed to the nasopharynx through one nostril.

For clinical diagnostic purposes, the swabs should be prepared,
sterilized, and kept separately. In large carrier surveys both swabs
may be sterilized together and kept in the same tube after use.

B. PREPARATION OF ORIGINAL CULTURES

Slants of Loeffler’s medium (C.M. No. 55) should be inoculated
immediately after collection of the specimen if possible; in any case,
within 2 hrs. thereafter. Long delays in transporting swabs to the
laboratory are known to cause a considerable reduction in numbers of
viable organisms, especially on swabs from convalescent and casual
carriers.?®

Primary inoculation of swabs onto slants of tellurite media intended
for morphological diagnosis may give misleading results as tellurite
tends to distort the morphology of C. diphtherice. However, plates
of cystine tellurite medium (C.M. No. 36) 3 should be streaked with
the initial swab, as these plates often yield pure cultures 24 hrs. earlier
than plates inoculated from the Loeffler slant next day.

For carrier surveys, each pair of swabs (one throat swab and one
nose swab) may be stroked gently several times over the entire
surface of a single slant rotating the swabs between the thumb and the
forefinger as the swabs glide back and forth over the medium.

The streaking of a tellurite plate with initial swabs is of little
advantage in carrier surveys.
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For diagnostic purposes, the swabs should be cultured separately on
two slants and on a tellurite plate.

Under no circumstances should a diagnosis be based on smears
made directly from the throat or membrane. There are many non-
diphtherial membranes which closely resemble those of diphtheria, and
there are many actinomyces occurring in both the normal and diseased
throat which are morphologically indistinguishable from C. diphtheriae
The error is frequent and the result confusing.

C. IncuBaTION OF ORIGINAL CULTURES

Original cultures should be finally examined only after 18 hrs.
incubation at 35° to 37° C. However, preliminary examinations are
permissible after 8 hrs.’ incubation, and if positive, are of great

LABEL(; 2 3 4 |5
HERE

6 1 8 9 10

Ficure 1—Microscopic slide (3 X 1) marked for ten
smears and label

assistance and value. Re-incubation of “ negative ” cultures after the
18 hr. examination is also permissible, but when a culture is “positive”
only after re-incubation, completed evidence of the identity of the
organism should be required before its significance is evaluated for
clinical purposes. A second specimen is preferable to re-incubation of
the first one.

D. PREPARATION OF SMEARS

The entire growth on each slant should be thoroughly mixed on the
surface of the slant by means of a sterile wire. A small portion is then
emulsified in a drop of sterile distilled water on a slide, for staining
and microscopic examination. A slide may be ruled into 10 squares to
receive 10 smears (Figure 1). Care must be taken to avoid spattering
from one square to the adjoining ones.
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E. STAINING

It is recommended that all smears prepared in connection with this
work be stained with Loeffler’s methylene blue solution and examined
with an oil immersion lens at a magnification of not less than 900 or

more than 1,000.*

F. IsoLATION OF PURE CULTURE
1. Inoculation of Plates

Although tellurite plates inoculated with original throat swabs often
yield pure cultures, colonies are usually not evident at the time micro-
scopic examination of the 18 hr. Loeffler slant is made since 48 hr.
incubation of the plates is necessary. It is therefore desirable to

Ao

Ficvre 2—Inoculating needle bent for streaking
plate. The “foot” which comes into contact
with the agar is shown at A.

inoculate a second plate directly from the Loeffler slant in case the
first plate fails of its purpose; a frequent occurrence.

The growth on “original” (see B above) Loeffler’s (C.M. No. 55)
slants may be used for the inoculation of tellurite-blood-agar (C.M.
No. 36 or 36a). These tellurite media give comparable results.*' The
entire growth on the slant should be well mixed and only a very small
portion used.

Best results are obtained by using one whole plate for each culture.
As nearly as possible, the entire surface of each plate should be used,
care being taken to distribute the inoculum so as to obtain well isolated
colonies. This can be accomplished readily after a little practice. A
convenient ‘method of streaking plates is to prepare a stiff platinum-
iridium or nichrome wire so that a “foot” (Figure 2) can be passed

* Granule stains used with Loeffler's medium do not yield reliable results.
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back and forth over the medium in wide swaths., Material is distributed
as shown in Figure 3.

2. Incubation of Plates and Selection of Colonies

Inoculated plates should be incubated in an inverted position, not
over two plates to a pile, at 37° C. for from 45 to 50 hrs. and then

Figrre 3—Mecthod of distributing material on plate for
isolation of pure cultures. Material is first deposited at
A and the needle flamed. The foot of the inoculating
needle (shown in Figure 2) is passed across the areas
shown at 1, in the direction indicated. The needle
is then jabbed deep into the agar at B several times
to remove cxcess material and then passed across
the areas shown at 2, in the direction indicated. This
process is repcated at 3, C, 4, D, 5, E, and 6. Well
isolated colonics arc almost invariably found at 5 and 6.

examined for colonies of Corynebacterium diphtheriae. Tellurite is
somewhat toxic for C. diphtheriac and will kill the colonies if incuba-
tion is prolonged much beyond 50 hrs.

Colonies of Corymebacterium diphtheriae (except colonies of the
minimus type) on the media recommended are circular, soft, and
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butyrous in consistency, smooth and usually polished or glistening, and
somewhat rounded or domed although sometimes slightly conical; they
vary from 0.5 to 2.5 mm. in diameter and are of a very dark slate color,
almost black but not jet black. They are usually opaque from rim to
rim, but there is sometimes a very narrow, translucent zone at the
edge. They never produce any zone of hemolysis or other change in
the appearance of these media.

Colonies of the minimus type are exceedingly minute (0.1 to 0.5
mm.), usually flat, with a black center and brownish periphery, or
entirely black. They may be rough or smooth in appearance. A hand
lens is necessary in examining them. Diphtheria bacillus colonies are
never leathery, brittle, or membranous in texture on this medium.

It must be remembered that tellurite media are not absolutely selec-
tive for Corynebacterium diphtheriae, especially with carrier-cultures.
Diphtheroids and staphylococci are the organisms which cause most
difficulty. Diphtheroid colonies are usually light grey in color, or dark in
the center, and whitish or grey and definitely translucent at the
periphery, especially when well isolated. When crowded they often
have an appearance indistinguishable from colonies of Corynebacterium
diphtherige. Usually, however, even when crowded they are rather
flat, and are of a slightly lighter grey color.

Staphylococcus colonies of some species are usually flatter and thinner
than those of Corynebacterium diphtheriae and are of an intense glisten-
ing, jet-black color. However, other species of staphylococcus (e.g.,
Staphylococcus aureus) or Micrococcus colonies tend to a slaty tint,
and often closely resemble the colonies of Corynebacterium diphtheriae.
Usually, the colonies are large, often showing a center, or concentric
rings of a lighter grey color.

White colonies are almost invariably yeasts. Other types of colony
sometimes appear, but nearly all of them are readily distinguishable
from those of Corynebacterium diphtherige. A little experience soon
serves as a guide to what colonies to “fish.” When there is doubt,
fish the colonies! '

3. Fishing Colonies

Colonies thought to resemble those of Corynebacterium diphtheriae
may be fished from any plate containing them and transferred to slants
of Loeffler’s (C.M. No. 55) or Pai's®* medium,* or a convenient

* The morphology of cells stained directly from tellurite medium (C.M. No. 36 or 36a) is

often entirely atypical and misleading; hence the transfer from tellurite plates to Loeffler’s or
Pai’s slants before microscopic examination, is recommended.
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modification (C.M. No. 54) of the latter.3 These are incubated for
from 12 to 18 hrs. at 37° C.

G. ExaMINATION OF PURE CULTURES
1. Morphology

The growth on the Pai or Loeffler slants inoculated with individual
colonies is smeared, stained, and examined as outlined in D and E
above. Any cultures showing mixtures of typical or suspected Coryne-
bacterium diphtheriae with other organisms should be discarded if pure
cultures from the same plate are available. Otherwise, they may be
replated as in F. Cultures which are morphologically typical or sus-
picious may be tested as to cultural characters and virulence as indicated
below.

2. Cultural Characteristics

Because fully virulent strains of C. diphtheriae which ferment both
dextrose and saccharose, or neither, as well as those fermenting only
dextrose, have been discovered in various parts of the United States,?" 28
the former practice of discarding as diphtheroids all cultures which
ferment saccharose or fail to ferment dextrose is no longer permissible.
The virulence test is the only remaining criterion of identity of true
C. diphtheriae. Fermentation tests are of value only for corroboratory
evidence, for special studies, or type determination. If the fermenta-
tion tests are made, a reliable procedure is as follows.

Pure cultures showing suspicious or typical morphology are used to
inoculate tubes containing dextrose (1 per cent) infusion broth (C.M.
No. §) colored with brom-cresol-purple and having a pH of from 7.4
to 7.8. Similar tubes of 1 per cent saccharose broth (C.M. No. 5)
should also be inoculated, as well as control tubes of plain infusion
broth (C.M. No. 5) (with indicator only) of the same lot or lots as
those used for the dextrose and saccharose.

The plain broth controls should show no significant change in the
color of the indicator during 5 days’ incubation at 37° C. If they do,
the tests must be repeated with a batch of broth not subject to this
error. Broth rendered ‘ sugar-free ” by Escherichia coli or Clostridium
perfringens is not recommended. Yeast-fermented broth is satisfactory.

The broth used must support a satisfactory growth of Corynmebac-
terium diphtheriae, and only tubes in which such growth occurs can be
regarded as satisfactory fermentation tests.
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3. Virulence

Virulence tests with mixed or “ field ” cultures are not recommended.
Experience shows that they are often misleading. ‘

Method using rabbits or guinea pigs—
(Adapted from Fraser, D. T., A.P.H.4. Year Book, 1936-1937) ™

a. Principle of test

The method permits the same animal to be used for the “test ” and
“control ” injections. A suspension of the culture to be tested is in-
jected intracutaneously in the non-immune animal; 5 hrs. later, diph-
theria antitoxin is given intravenously, and the same suspension is
again injected as a control into a different area of the skin of the same
animal. The antitoxin does not obliterate the characteristic reaction
of the skin produced in response to the first injection of virulent bacilli
because the damage done during the time interval between the first and
second injections when the animal was not immune, is not repaired.
The animal is, however, rendered immune by the antitoxin, and the
tissues are specifically protected against the second (control) injection.

b. Suspension of culture and intradermal injection of animal

A heavy, even suspension of microbrganisms is made by adding an
appropriate amount, 2 to 3 ml.,, of meat infusion broth (C.M. No. §),
pH 7.2, to an 18 hr. growth on a slope of Loeffler’s serum (C. M. No.
55) or other appropriate medium. With a syringe graduated in 0.1
ml. and needle of 26 gauge, 0.2 ml. of the suspension is injected into
the skin of the back of a guinea pig or rabbit. The suspension may be
retained in the syringe and stored in the cold for 5 hrs. at which time
it is again injected into the animal, which has been rendered immune
immediately before by the injection of antitoxin.

¢. Preparation of animal

The animal is prepared by clipping the hair with an appropriate
electric clipper.* Squares of approximately 3 cm. are marked off with
indelible pencil, or by other suitable means, upon the moistened back
and flanks of the animal. By drawing a line along the middle of the
back of the animal and subsequent lines parallel and at right angle
thereto, squares are formed which do not overlie the vertebrae. Non-
pigmented areas of skin only are used. It is desirable to avoid inject-

* Hand clippers are not satisfactory., Depilatory is unnecessary and undesirable,
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ing skin areas anterior to the shoulder girdle, and over the sacrum.
Ten intradermal injections may conveniently be made when a guinea
pig is used for the test, and 20 in the case of the rabbit. Non-pregnant
animals should be chosen. :

d. Injection of diphtheria antitoxin and second injection of suspension

Five hours after the primary injection of suspensions of culture,
500 to 1,000 units of diphtheria antitoxin are injected intravenously
(rabbit), intraperitoneally or intracardially (guinea pig). Immediately
thereafter, in the case of the intravenously or intracardially injected
animals, 0.2 ml. of the original suspension may again be injected intra-
dermally into fresh areas. In the case of the intraperitoneally injected

animal, 4 hour may profitably be allowed to elapse before this injec-
tion is made.

e. Control cultures

A “virulent,” toxigenic strain which is known by previous experience
to elicit characteristic reactions (Park 8 strains are not satisfactory)
is incorporated in the series of suspensions injected and serves as a
“ positive control.” Similarly a suspension of Corynebacterium hof-
mannii or Corynebacterium xerosis may be used as a “ negative con-
trol’ (but is not necessary).

f. Reading and interpretation

Lesions reach their height in the guinea pig after 48 hrs. and in the
rabbit after 72 hrs. at which times readings may be made. The lesion
produced by the “positive control” suspension of Corynebacterium
diphtheriae injected 5 hrs. before giving the antitoxin, is characterized
typically by a central necrotic area 5 to 10 mm. in diameter, sur-
rounded by a zone of redness 10 to 15 mm. in diameter in the guinea
pig, with inhibition of growth of hair. A central hemorrhagic area is
usually present. The lesions are typically larger and more intense in
the rabbit (Figure 4).

The response induced by the positive control suspension injected S
hours later, and following the administration of antitoxin as described,
exhibits a small pinkish papule about 5 mm. in diameter in the guinea
pig and a similar though somewhat larger area in the rabbit. A given
suspension may present, in the areas injected before and after the ad-
ministration of antitoxin, reactions similar to the corresponding injec-
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tions of the known positive control. The interpretation is then t.hat
the suspected culture contains virulent (toxigenic) Corynebacterium
diphtheriae. 1f, on the other hand, the suspected culture does not
elicit the typical response characteristic of virulent strains, the in.ter-
pretation is obviously that the culture does not contain virulent diph-
theria bacilli.

Difficulties of interpretation may arise if “ field ” cultures, as opposed
to pure cultures, are used in the test. (The use of field cultures is
definitely mot recommended.) In case their use is for any reason

FIGURE 4—Intradermal virulence tests on a rabbit.
Courtesy Communicable Disease Center, Atlanta, Ga.

necessary, the guinea pig should be used as the test animal and not
the rabbit, since atypical reactions due to the presence of contaminants
are less likely to occur with the former. When field cultures are used,
if the lesion produced by the first injection (before antitoxin) is typical
in character and larger than that produced by the second (after anti-
toxin), one may with some assurance interpret this difference in size
as due to the presence of toxigenic Corynebacterium diphtheriae. If
the first and the second injections result in lesions of the same size, and
if the characteristics of the lesions are definitely not those of the known
positive control, one may hazard that the suspension did not contain
toxigenic Corynebacterium diphtherige. Both the first and second in-
jections of a suspension of a field culture may produce a very large skin
lesion due to the presence of contaminating microdrganisms (strepto-
coccus, pyocyaneus, etc.). In such cases, to obtain an unequivocal
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result, it is necessary to have the microdrganism morphologically like
Corynebacterium diphtheriae in pure culture and to repeat the test.

g. Discussion

Density of suspension— The margin of safety, in' so far as the
density of suspension is concerned, is great. . . . Although satisfac-
tory results may be obtained with emulsions equal in density to a
McFarland suspension 3,3 . . . it is not desirable to make a test with a
suspension more dilute than that represented by 3 of the McFarland
scale. There is no evidence that the suspensions may be too dense, such
as are obtained when a minimum of diluent is added to the slope of an
18 hour growth of the diphtheria bacillus. . . .

Injection of antitoxin and second injection of suspension

Tests were carried out by Fraser and Weld?* in which the time
interval between the first injection of suspension and the giving of
antitoxin intravenously was respectively 1, 3, 4, and 7 hrs., followed
immediately by the second injection of suspension. The 3 hr. interval
allows of an interpretation of the test but the lesions are relatively
small and lack the characteristic necrosis. The reactions obtained at
the 4, 5, and 7 hr. interval show practically no difference.

There is a wide margin of safety in so far as the quantity of diphtheria
antitoxin is concerned. The amount of toxin contained in the Schick
test, even when diluted fourfold, or the suspension of Corynebacterium
diphtheriae diluted to McFarland 3, and injected intradermally elicited
a suitable skin reaction in rabbits even after the giving of 7,000 units
intravenously, provided only that the time interval between the injec-
tions of the antitoxin and the injection of toxin or culture was 5 hours.
Storage of the suspensions for 5 hours at §° C. did not diminish their
power of eliciting characteristic lesions in the skin.

Tests of single cultures subcutaneously — Cultures have occasionally
been encountered which gave doubtful readings when tested in the
skin of the rabbit or guinea pig as described above. In order to
eliminate as much uncertainty as possible regarding such cultures,
recourse may be had to the injection of a large dose of the living
culture subcutaneously (not intraperitoneally) into a test guinea pig,
and an antitoxin-protected control.

For this test, one may use 2 to 5 ml. of a heavy broth (C.M. No. §)
culture 48 to 72 hrs. old, or the entire growth from a Loeffler (C.M.
No. 55) or Pai slant (C.M. No. 54) inoculated 18 to 24 hrs. previously.
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Emulsify the organisms from the solid media in about 5 ml. of sterile
broth.

Areas about 3 cm. in diameter on the guinea pig abdomens are
shaved or clipped, and wiped with alcohol. The control pig then
receives 2 to 4 units of antitoxin per gm. of body weight intraperi-
toneally. Two hours later, each pig receives 4 to 5 ml. of the test
material subcutaneously in the previously prepared area. If the culture
is wholly avirulent, neither pig should show any evidence of local
necrosis or intoxication in 10 days, or paralysis later. If the culture
has any virulence, the unprotected pig may die in 1 to several days
or show an area of necrosis or inflammatory reaction.

The interpretation of very low grades of virulence as evidenced only
by paresis, etc., is an extremely difficult, if not impossible task in the
light of present knowledge. Further studies on low grades of virulence
are needed.

Method using chicks 3%

a. Selection and maintenance of stock—Plymouth Rock or Rhode Island
Red chicks approximately 10 to 20 days old are used by preference.
Leghorn chicks have been found not so well adapted to laboratory
handling as the larger breeds. Sound, Pullorum-tested, guaranteed
stock is usually available at from 10 to 30 cents per chick.

Chilling from open windows or cold rooms must be avoided. It is
absolutely essential that the chicks have warm, dry quarters (85° F.).
A $50 mail-order brooder will house about 100 chicks, and occupies
little more space than a good-sized steamer trunk.

Never use chicks if the stock is showing evidence of epizottic disease
or numerous deaths due to unknown cause. Error may arise when
chicks arrive from dealers without food or water late in the day and
remain overnight with neither, and are in a weakened condition when
desired for use. Preferably, newly arrived chicks, even if at least 10
days old, should be given a 24 to 48 hr. rest and feeding period before
being used in an experiment. Commercial chick feeds are satisfactory.
Day-old chicks may be obtained by mail or express and are then held
for at least 10 days before using.

b. Method of testing virulence—Only pure cultures are tested. About
4 ml. of a“well grown 48 hr. infusion-broth culture are used. The in-
jections may be made intraperitoneally or into the subcutaneous areolar
tissues dorsally between the wing insertions. A few drops of alcohol
are used to moisten and control the feathers. Methods of holding and
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injecting the birds properly are shown in Figures 5 and 6. The chick is
held in the left hand, legs between little and ring fingers, right wing
between first and middle fingers, left wing folded in the palm of the

Ficures 5 and 6—Injecting chick for virulence test.

Courtesy Communicable Disease Center, Atlanta, Ga.

hand in its natural position. The chick’s head protrudes through the
collar formed by the thumb and index fingers. The bird is quite com-
fortable.

About 4 hour before injecting test material into chicks, antitoxin
controls are prepared by injecting 50-100 units of antitoxin intra-
peritoneally or into the same area that is to receive the culture. The
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serum is quickly absorbed. Protected chicks may be designated by a
spot of eosin on top of the head. Dyes of different colors may be used
on head, tail, wings, etc., so that large numbers of combinations are
available. Leg bands or web punches may be used, but are not neces-
sary. Equal amounts of the same culture are injected into test and
control birds.

. Results—When the tested strains are virulent, 80 per cent of the
unprotected chicks die within 24 hrs. Twelve per cent survive for 48
hrs., and relatively few are found alive 72 hrs. after inoculation. When
they survive for 48 hrs. or over, wing or leg paralysis is well advanced
at this time, leaving no doubt as to the virulence of the culture.

The in vitro Method

a. Special medium mecessary—A method devised by Elek has been
tested and improved by King, Frobisher, and Parsons *7 whereby most
virulent strains may be determined by a test involving only cultivation
on serum agar of special composition (C.M. No. 37).

b. Preparation and inoculation of plates—Diphtheria antitoxin is
diluted to contain 500 units per ml. Into this is dipped a strip of sterile
filter paper about 1.5 cm. by 7 cm. The paper is then placed in the
center of a dish of warm, fluid agar and allowed to settle to the bottom.
After the agar has hardened, the plate is held 4 hrs. at 37° C. to dry the
surface. Inoculations are then made in lines across the plate at right
angles to the paper strip, 14 inch apart. Well-grown broth culture or
broth suspensions from solid media may be used as inoculum.

C. Incubation and reading the plates—A positive result consists in
the appearance of 1 or more whitish lines of precipitate in the agar,
about 1 cm. away from the paper, beginning at, and extending out from,
the line of inoculation at an angle of 45° away from the filter paper.
The lines can be seen only with oblique light, against a dark background.
A hand lens and considerable practice are usually required unless the
lines are very marked (Figure 7). Often the lines are visible in 24
hours at 37° C., but they may require 72 hours for full development.
Lines appearing after 72 hours, or in different locations than described
or in multiple, are of doubtful significance. A negative reaction does
not exclude virulence. Negative and doubtful reactions should be veri-
fied in animals as described herein.
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4. Determination of Type

Pure cultures, obtained as described in (F, 3) above, should be used
as inoculum for the tests required in type determination, as soon as
possible after isolation. Strains may undergo alteration in some of
their type characteristics if subcultured frequently or held too long on

L ‘“'W.»"‘ a )’ .
WA

Ficure 7—The in vitro virulence test.
Courtesy Communicable Disease Center, Atlanta, Ga.

one culture. One or more markedly variant strains sometimes develop
in a culture under such circumstances.

The minimus type is characterized by delay or absence of dextrose
fermentation and by minute colony size. Fermentation tests with dex-
trose are described in Section G, 2, and the minimus colony form is
described in Section F, 2. The following details apply to differentiation
of the gravis and mitis types only.
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a. (Character A) Fermentation of glycogen— Glycogen, “Eastman
highest purity  or equivalent, is best prepared in a 5 per cent aqueous
solution and autoclaved. One ml. is added to 5 ml. of infusion broth
(C.M. No. 5), such as described under (G, 2) above, just before
inoculation of the culture. Incubation of the culture at 37° C. for at
least 1 week is desirable unless fermentation occurs sooner.

b. (Character B) Fermentation of starch—This is determined in the
same manner as fermentation of glycogen except that “soluble Starch
according to Lintner ” of highest purity obtainable is prepared in a
2 per cent aqueous solution. Only freshly prepared starch solutions
should be used, as the starch may hydrolyze slowly under some condi-
tions.

c. (Character C) Colony form — The minute size of minimus type
colonies is evident on any of the tellurite media (C.M. No. 36, 36a or
62) or on plain blood infusion agar. For differentiation of mitis and
gravis types only the agar of McLeod (C.M. No. 36a) is reliable.
(1) Inoculation and incubation of McLeod medium (C.M. No. 36a)

plates:

(a) When the McLeod agar is firm, invert the plates and divide

the bottom surface into halves with a wax pencil.

(b) One culture is then streaked on each half of the agar, taking

care to use very small inocula and spreading widely so as to

secure well isolated colonies.

(c) Incubate the plates at 37° C. for about 48 hrs.

(2) Evaluation and recording of results:

(a) Not infrequently several kinds of colonies are observed on
plates of McLeod’s medium, inoculated with one pure culture.
Only experience and judgment can enable the investigator to
arrive at a reasonable estimate of the tendency of the culture as
a whole. Usually it is best to examine several isolated colonies
and to form a sort of mental average of the group. In any event,
colonies will vary between the mitis type of perfectly smooth,
circular glistening form; and the irregular gravis type, which
may be thin and rugose, with feathery, etched edges; or rather
thick, showing scalloped edges and radial ridges and often con-
centric marks.

It has been found most convenient to report colony form simply
as smooth (or almost smooth) and definitely irregular or rough.
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Degrees of “roughness” seem to have little significance and to
depend on little known factors difficult to control.

d. (Character D) Pellicle Formation—

(1) Medium—Ordinary infusion broth is inoculated in the usual
manner and observed for the development of a scum or definite sur-
face membrane. Any fermentation or other broth cultures should also
be examined for pellicle formation, as only one out of several cultures
made may show a pellicle.

(2) Method—

Technical precautions of importance in studies of pellicle forma-
tion are: (a) observation of the cultures on each of 3 or 4 days, and
(b) avoidance of agitation of the culture tubes. As regards (a), pel-
licles often break up and sink quite early in the age of the culture,
while with respect to (b), slight shaking will often cause the precipita-
tion of a heavy pellicle to the bottom of the tube, resulting in a totally
erroneous notation. A thick growth of smoothly suspended organisms
just under the surface of broth, or a fine “ veil ” over the surface, may
be mistaken for a pellicle. The true nature of these appearances be-
comes apparent as soon as the tube is agitated in the least degree, when
they disperse as a smooth, cloudy suspension.

It is also of great importance that well buffered, carbohydrate-free
broth * such as is used for fermentation tests, be selected for these
investigations, as even a slight acidity tends to lower the surface tension
and pellicles may not then be so well supported upon the surface.!!

e. (Character E) Hemolysin production
(1) Method—

(a) A tube of infusion broth (C.M. No. 5) similar to that used
for fermentation tests and pellicle studies is inoculated and incu-
bated for 48 hrs.
(b) Place 1 ml. of the culture in a clean serological tube.
(c) Add 1 ml. of a 2 per cent suspension { of thrice washed human §
erythrocytes in 0.85 per cent saline solution.
(d) Place in a 37° C. water bath for 1 hr. and then in the icebox
overnight.
(e) Avoid agitating the tubes. Read hemolysis as present or
absent, depending on the appearance of a clear, ruby-red color

* Infusion broth (C.M. No. §) is satisfactory.

t The use of a smaller amount of more concentrated cell suspension does not yield comparable
results.1t

$ Cells of other animals give discordant results.}
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above the cells in the bottom of the tube. The test is wholly
qualitative, the amount of hemolysis seeming to have no particular
significance.

(f) A control tube prepared with sterile broth (C.M. No. 5) and
washed red cells of the same lots must show absolutely no hemol-
ysis.

f. (Character F) Rate of reversion in reaction—Although all infusion
broth cultures (initial pH between 7.4 and 7.8) tend to become some-
what acid within 48 hrs., some will revert within 4 days to a pH of
7.6 or above, while others do so much more slowly.
(1) Method—

(a) Inoculate a tube of infusion broth as in 4, e, (1) above.

(b) After 96 hours incubation, determine the pH. The colorimetric

method of Brown 28 is satisfactory. Electrometric methods, while

permissible, involve unnecessary accuracy and trouble.

g. Evaluation and reporting of results—If one is to follow the definition
of those who originated the terms gravis and mitis 1° a strain of Coryne-
bacterium diphtheriae, in order to qualify as one of the gravis type,
must have at least the 6 principal characteristics described in this out-
line; i.e., it must ferment starch and glycogen, have definitely irregular
and rough colonies, produce a pellicle, fail to cause hemolysis, and
revert to a reaction of pH 7.6 or over in broth cultures in 96 hours.
A mitis strain fails to ferment starch or glycogen, produce a pellicle,
or revert to a pH of 7.4 or more. It produces hemolysin and has a
smooth regular colony. However, it may sometimes be expedient to
adopt 1, 2, or 3 characteristics as “ selectors ” for purposes of tentative
identification, and experience indicates that about 80 per cent of
cultures which ferment glycogen and starch, and have rough colonies
on McLeod’s agar (C.M. No. 36a), possess the other 3 principal gravis
characteristics.!!

In reporting, cultures having the 6 principal characteristics of Coryne-
bacterium diphtheriae var. gravis, as outlined above, may be identified
as such. Cultures lacking all of these characteristics may be reported
as Corynebacterium diphtheriae var. mitis. Other cultures may be
designated as indeterminate, giving a list of the gravis characteristics
which they possess.

Studies show that the various cultural types of C. diphtheriae were
of no clinical significance in the United States in 1935-1947.1% 14
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Iv. IMMUNOLOGICAL CONSIDERATIONS

In routine immunological investigations of diphtheria, evidence is
sought as to:

1. The reactivity of the superficial layers and blood caplllanes of the
skin to an intracutaneous injection of 1/50 m.l.d. of a suitably diluted
diphtheria toxin of high potency (the Schick test) or,

2. The quantity of antitoxin in the circulating blood, or both.

The results of these determinations are interpreted in terms of the
ability of the patient to resist diphtheria, and have been used ad-
vantageously in the study of natural immunity and in the development
of methods of artificial immunization.

3. A fundamentally sounder method of estimating ability to resist
diphtheria is to measure the antitoxic response of an individual to
primary and secondary antigenic stimuli4® This method is recom-
mended where facilities and time for its use are available.

A. ScHicK TEST

With respect to the Schick test, no final decision has been reached
as to what constitutes the best diluting fluid, a sufficiently potent
toxin, or the best type of control material. Neither is there complete
agreement as to the most reliable method of reading the Schick test
or the full significance of the various types of reaction observed.
These problems are still being investigated and the writer therefore
feels that final definite recommendations should await more exact
information.

However, as a result of recent studies, the field of choice in both
materials and methods has been somewhat narrowed and attention may
profitably be called to those which seem at present to hold most promise
of yielding satisfactory results.

1. Diluting Fluids

In the original Schick test physiological salt solution was used to
dilute diphtheria toxin so that the intracutaneous dose contained about
1/50 m.ld. This is free from any objection due to the addition of
foreign protein material to the toxin, and is the method of choice when
the test can be done immediately after diluting the toxin. It was soon
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found, however, that the toxin deteriorated rapidly in this material,
and stabilizing agents have therefore been developed which overcome
this difficulty to a great extent. At present three substances, peptone,
human serum albumin,** and gelatin, are under consideration for this
purpose. All are satisfactory as stabilizers.

The most recent diluent is that devised by Edsall and Wyman !
and containing human serum albumin in a concentration of 0.05 per
cent. It is ideal when considered from the standpoint of nonspecific
reactions. Merthiolate 1:10,000 is used as a preservative, as phenol
robs the albumin of its stabilizing property. The fluid base is the
borate buffer solution of Glenney, Pope, and Waddington.**

A very simple and useful diluent is that devised by White, Bunney,
and Malcolm.*® Peptone, preferably Witte’s “ Peptonum Siccum,” is
dissolved in 0.25 per cent concentration in normal saline solution. The
mixture is adjusted to pH 7.8, boiled, sterilized by filtration, and 0.5
per cent phenol is added.

Gelatin diluents may be prepared by one of several methods, a simple
formula being that of Moloney and Taylor.**

Whatever the diluent selected, toxic filtrate is added to the diluent
so that 5 ml. of the mixture contains 1 m.Ld. of the toxin. Final tests
on potency, sterility, and specificity are necessary before use. When
toxin is properly diluted, *“ exposure to 37° C. for 24 hours shall cause
no appreciable loss in toxicity.” 1

2. Toxin

The toxic filtrates used for Schick testing should be highly potent so
that a minimum of extraneous protein (beef, bacillary, etc.) from the
broth itself will be added to the diluent along with the toxin per se.
Synthetic, protein-free media*’ for Schick-toxin production may be
permissible, and very highly purified toxins have become available for
immunization purposes ** but complete data are not yet available con-
cerning the suitability and stability of such toxins for Schick testing.

No minima of potency have been established by law in the United
States, but one competent worker ** has stated that toxins for use in
the Schick test should have a value of at least 300 m.1.d.* per ml. The
question is a very complex one and is related to the toxoid, toxone,
etc., content of the filtrate. Opinion is divided as to the need for exact

* The m.ld. is ** the smallest amount of toxin which when diluted to 3 ml. and injected

§ubculaneously into guinea pigs weighing 250-280 gm. shall cause death in less than 96 hrs.
in 75 per cent of the guinea pigs.” ¢
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statement or regulation of the maximum content of these nonspecific
antitoxin-neutralizing substances permissible in toxic filtrates used in
the Schick test, but it would seem that the recommendations of the
League of Nations Health Organization might be followed with benefit.*
Final conclusions on this point are therefore believed unwarranted at
present. Further information is needed.

3. Test

In performing the Schick test a sharp, short-bevel needle (B. & S.
gauge 26) 4" to 3%” long is used. It may be of steel, although
platinum-iridium is preferable. A syringe of 1 or 2 ml. capacity may be
used, provided that the dose of 0.1 ml. may be accurately read upon it.
Specially graduated and marked syringes, with different colored
plungers for toxin and control are available and are recommended.
An area on the flexor surface of the left forearm, previously wiped
clean with alcohol, is selected midway between wrist and elbow. With
the syringe full, the point of the needle is introduced between the
superficial layers of the skin just far enough to cover the point and
bevel of the needle. The opening in the end of the needle should be
just visible through the skin when the injection is made. A white,
pitted “button ” about 0.5 to 0.8 cm. in diameter should appear im-
mediately. DPlatinum-iridium needles may be sterilized by heating the
tip momentarily to a dull redness. Others should be replaced by a
sterile needle for each patient.

4. Control

Some workers omit the control in performing the Schick test in large
groups of infants and children.t If the test is done, however, it is
recommended that the control accompany it. The control injection
is made in the right forcarm in an area and manner corresponding to
that of the test on the left arm.

There is some disagreement as to the most desirable control material.
Probably the most widely used (and generally complained of) is pre-

* The League of Nations llealth Organization has recommended that the 0.1 ml. dose
(1/50 m.l.d.) shall produce no skin reactions in the presence of 1/750 unit of antitoxin but
shall give a positive Schick reaction in the presence of 171,250 unit. Further, if the skin
dose is to be 0.2 ml. (1/40 m.l.d.), then 1/25 of this dose shall produce a positive reaction,
while 1/50 should not do so.

t Others omit the Schick test altogether in routine institutional and city-wide immunization
campaigns, believing the added work, expenses, and unfavorable effect of 1 or 2 extra ‘ nee-
dlings "’ on the children and their parents, as well as occasional rather severe, allergic reactions,
to be uncompensated for by the small number of immunizations saved. This view has much
to recommend it.
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pared by heating some of the material used for the test itself. There
is no agreement as to the most desirable period or temperature of
heating, but one combination which gives practicable results is an
exposure at 75° C. for 10 minutes *® Temperatures of 80° C., or even
70° C., and time periods ranging from 5 to 30 minutes have also been
used.

Other control materials are under discussion. The highly purified
toxoid of Pappenheimer *® would seem ideal but is still (1948) in an
experimental phase. The use of formalin toxoid, suitably diluted *
as in the Moloney test, has the advantage that those who react to it
are also apt to react unfavorably to immunizing doses of toxoid, and
the person responsible for immunization is thus warned and may take
suitable precautions against excessive dosage, etc. An objection to
formalin toxoid is that, chemically, it is not so close a parallel to the
test material as the heated control. Also, since different lots are diluted
in varying degrees, the foreign protein content is variable. It has been
stated that Moloney reactors are often (about 80 per cent correlation)
Schick-negative.51-54

S. Reading the Test

The true Schick reaction results from the effect of diphtheria toxin,
un-neutralized by any antitoxin in the patient’s tissues, upon the super-
ficial layers of the skin, and the neighboring capillary blood vessels.
It consists of an erythematous area varying in diameter from 1 to 4 or
more cm., appearing only after 2 days, reaching its maximum intensity
in from 5 to 7 days, and fading slowly over a period of 1 to 3 weeks,
often desquamating slightly, and usually being discolored by a slight
brownish pigmentation. Necrosis rarely occurs.

There should be no reaction whatever at the site of the control in-
jection. However, confusing reactions sometimes occur, probably due
to an allergic condition of the patient with respect to the stabilizing
agent, the materials used in preparing the medium, or proteins derived
from the diphtheria bacilli themselves. These “ pseudo-reactions ” ap-
pear on both arms as red, often indurated areas with ameboid exten-
sions, developing rather rapidly (sometimes within 5 minutes) and
fading in from 1 hr. to 4 or 5 days. Pseudo-reactions vary in size and
color, but characteristically fade before the true Schick reaction is
fully developed, and leave no pigmentation.

* The ‘“suitable” dilution is determined by comparative tests with each new lot and may
vary from batch to batch.
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Since the erythematous area of the true Schick reaction persists only
on the test arm and, if well developed, for at least 7 days, readings
made after this interval are less apt to be in error due to prolonged
pseudo-reactions than if earlier observations are made. However, faint
but genuine reactions may fade between the 5th and 7th days, and for
this reason some workers prefer to read the tests on the 5th day. .On
the other hand, pseudo-reactions occasionally persist until the 5th and
even 6th day. More reliable data would doubtless be obtained by
making readings on both the 5th and 7th days.

B. QUANTITATIVE DETERMINATION OF ANTITOXIN IN THE SERUM

Observations over a period of several decades of endemic and epi-
demic diphtheria, and of the antitoxin content of many human sera
under varying circumstances have led many to the view that the Schick
test frequently fails to yield sufficiently exact information as to the
true immunity status of the person tested. This is due in part to the
fact that the Schick test cannot measure an important factor in resist-
ance, i.e., the ability of various individuals to respond to diphtheria
infections, or to antigens injected for the purpose of active immuniza-
tion. Further, the test itself acts as an effective stimulus to antibody
production in many persons and thus introduces a considerable error
into such studies. It is well known, as a result of the researches of
Fraser, Jensen, and others %5 that individuals vary greatly, not only
in their response to the antigens commonly used in routine immuniza-
tion, but in the rate at which the antitoxin disappears from their blood
stream. Thus, the Schick test may be positive in many persons who
are in reality quite resistant to diphtheria.

For these and other reasons, a simple means of measuring the actual
antitoxin content of the circulating blood, as well as for evaluating
changes following immunization by natural or artificial processes is of
value.

Kasawara and Schick,’ v. Groer and Kassowitz,®® Michiels and
Schick,%2 Kolmer and Moshage,®® Zingher,%* Kellogg,5 ¢ Flood,®
Glenney and Llewellyn-Jones,% Messeloff and Karsh,® Fraser,™
Jensen,™ and others, have proposed or tested methods of making such
antitoxin determination. Most of these involve the mixture of graded
quantities of the patient’s serum with a previously standardized dose
of toxin and then testing for neutralization by injecting 0.1 or 0.2 ml.
of the mixtures intradermally into guinea pigs or rabbits. All of these
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methods are based on the original work of Romer and his coworkers.”

Some of the modifications of the original method overlook the facts
that: (1) There is no constant relationship between dilutions of a dose
of toxin previously standardized against a certain amount of antitoxin
(e.g., the L+ dose) and corresponding dilutions of the amount of anti-
toxin (say 1 unit) against which that dose was originally standardized.
(2) The fraction of a dose of toxin giving an erythematous zone 1 cm.
in diameter on intracutaneous injection into guinea pigs or rabbits is
not by any means constant, differing greatly from toxin to toxin.

The reasons for these facts are found in the peculiar composition of
diphtheria culture filtrates which contain various quantities of sub-
stances, other than the toxin itself, supposedly with differing avidities
for antitoxin. Much of this difficulty may be eliminated by the use
of highly purified toxin.*8

It must be constantly borne in mind, therefore, that once a dose of
toxin of the ordinary sort is adjusted to an arbitrary endpoint against
a certain amount of antitoxin, e.g., as in adjusting the L+ or Lr (vide
infra) dose, any alteration in the absolute amount of toxin thus used
causes a disproportionate alteration in the quantitative relationship
between toxin and antitoxin which cannot be compensated for by a
corresponding arithmetical alteration in the amount of antitoxin. An
entirely new adjustment between the two reagents is necessary when
the dosage of toxin is altered. The relationships, furthermore, are
different for each new lot of toxin.*

1. Principles of the Method

The method of titration outlined here is based chiefly on those
described by Glenney and Llewellyn-Jones,% Fraser,”® and Jensen.
The accuracy of the test depends to a large extent on the potency and
stability of the toxin used and on the accurate determination of its Lr
dose at the dilution level selected for work.

a. The Lr dose

The Lr dose is, in all respects, analogous to the L+ dose: differing
principally in that the end reaction, when 0.2 ml. of a mixture contain-
ing 1 ml. of the tested toxin dilution and 1 ml. (1 unit) of antitoxin
are injected intradermally, is not the death of the pig, but merely a
zone of erythema in the skin about 1 cm. in diameter.f If the toxin

* According to Jenser ™ the departure {rom the law of multiple proportions is insignificant.
According to Glenney and Llcwellyn-Jones™ it is a matter of critical importance, and the
experience of the writer strongly supports the latter view.

t Since as many as 40 such reactions can be borne on the skin of a single rabbit without
ill effect, the advantage of using rabbits in place of guinea pigs is obvious.
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is diluted 1 in 7,500, it is said to have a potency of 7,500 Lr although
actually only 0.1 ml. (1/75,000 ml. of original toxin) is injected. Any
“ ynknown ” serum which, when substituted for the standard antitoxin
in such mixtures in the same amount and dilution, accomplishes the
same degree of neutralization, obviously is as potent as the standard.

b. The titration level

Since, in studies of human immunity, it is sometimes desirable to
tests for amounts of antitoxin as small as 1/500 unit per ml., the toxin
dose must be so adjusted against a 1/500-unit-per-ml. standard that
serum dilutions containing an excess of this amount of antitoxin per
ml. will prevent or diminish the toxic effect, while those containing less
will permit the development of a zone of erythema due to the un-
neutralized toxin. This is spoken of as titration at the “1/500th
level.”

The unknown sera may be mixed in various dilutions with this
particular dose of toxin and suitable injections made.

2. Dilucnt and Temperatures

In such high dilutions of toxin its natural tendency to deteriorate
spontancously is greatly increased. It has been found that the reaction
of the diluting fluid plays a very important role, and it is recom-
mended that the toxin be diluted in a suitable mixture such as the
diluent of Moloney and Taylor.**

The temperaturc of all fluids in the test should be held as low as
possible at all times except during the period of incubation of the
toxin-antitoxin mixtures.

3. Standardization of Toxin at the 1/500th Level

This is the most difficult step in the entire procedure. Laboratories
burdened with routine work may do well to obtain a toxin already
standardized at the 1/500th or other desired level. The remaining
procedures of the serum antitoxin titrations are very simple.

As toxins vary greatly in potency and combining power, no definite
quantitative directions can be given which will cover all cases, but a
sample protocol with a hypothetical toxin will serve to illustrate the
principles and steps involved. Assume that, by means of the technic
outlined below, preliminary titrations in the presence of standard anti-
toxin diluted so that 1 ml. contains 1 unit, have shown the potency of
this hypothetical toxin to be 9,680 Lr. For convenience it is so diluted
that the potency is 1,000 Lr (1 ml. 4 8.68 of diluent). This is labeled
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well at 4° C. Further preliminary titrations
have shown that sufficient toxin to give t'he (?ejéred.t ]fnjdl::]mtco:f
erythema at the 1/500 level (i.e., when 1 ml, is mix .th in'e.cted)
taining 1/500 unit of antitoxin, and 0.2 ml. of the. mixture ]d I

is present in 1 ml. of some dilution lying between 1 in 40,000 and 1 1n

80,000 of the stock.
With this information in hand, the procedure is as follows:

(a) Withdraw 1 ml. of the stock and dilute it to a potency of I Lr.
(b) Of this material prepare various dilutions, at intervals of 5,
ranging from 1 in 40 to 1 in 80.

(c) Add 1 ml. of each dilution to 1 ml. of standard antitoxin so
diluted that each ml. contains 1/500 unit. Mix by gentle agita-
tion.

(d) Incubate the mixtures at 37° C. for 1 hr. and then store
overnight in the icebox. Since toxins and antitoxins vary greatly
in the rapidity with which they combine, it is necessary to allow
ample time for this reaction to occur. Otherwise the mixtures
may be too toxic and erroneously low antitoxin titers may be
obtained.

(e) The animals may be prepared as directed under “ Virulence
test” (III, G, 3, c).

(f) Inject 0.2 ml. of each mixture into the closely clipped dorsal
or flank skin of a mature rabbit. Guinea pigs may be used for
preliminary work if decided savings can be effected thereby, but
their skin is very tough.

(h) Readings are best made after 48 hrs. The 0000 clipper may
be used 1 hr. before reading.

(i) That dilution of toxin which produces a zone of erythema
most nearly 10 mm. in diameter in the presence of antitoxin
diluted as indicated may be selected as the proper dose for use in
antitoxin titrations of sera containing as little as 1/500 unit per ml.

186
“stock toxin ” and keeps

4. Tests for the Presence of 1 Unit, 0.02 Unit, and 0.002 Unit of
Antitoxin in an “ Unknown’ Serum at the Lr/500 Level

Suppose, for purposes of this discussion, the best end reaction is
found to have resulted from injection of the mixture containing “ stock ”
toxin diluted 1 in 65,000. In the performance of routine tests, all that
is necessary is (a) to dilute the stock 1 in 65,000; (b) to 1 ml. amounts
of this dilution add 1 ml. amounts of the “ unknown serum ” dilutions,
and (c) to incubate and inject as directed in (d), (e), and (f) above.
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The following protocol shows the details of such a test for 3 different
antitoxin values in an unknown serum:

Patient’s Serum Toxin
Diluted as
Already De-
Tube termined (in
Fraction| Amount This Case Incu- Amount | Reading after
o) . 1 in 65,000 bation :
of Unit in of Stock of alio Injected 48 Hours
Dilution Tested Tube potency 1,000
for (ml.) Y b (ml.)
Lr.)
(ml.)
1 1:500 1 unit 1 1 1 hour 0.2 2 cm.zone of
eryth.
2 1:10 1/50 1 1 at 37° C. 0.2 1.5 cm. zone of
eryth.
3 Undiluted | 1/500 1 1 followed 0.2 no reaction
4 Standard - 1 1 by 18 hrs. 0.2 1 cm.zone of
(1/500 unit in icebox eryth.
per ml.)

Since 1 ml. of undiluted serum (tube 3) completely neutralizes an
amount of toxin which gives an erythematous reaction in the presence
of 1/500 unit, the serum obviously contains more than 1/500 unit of
antitoxin per ml. On the other hand, since being diluted 1 in 10 it
fails to neutralize this amount of toxin to the same extent as the control,

it must contain less than 0.02 (1/50) unit per ml.

The following protocol illustrates the reactions obtained with a more
potent serum:

'I'ubci

Patient’s Serum

|
Fraction
of Unit
Dilution Tested
for
1:500 1 unit
1:10 150
Undiluted | 1/500
Standard mem
(1/500 unit
per ml.)

Toxin Incu- Amount | Reading after
diluted as bation Injected 48 Hours
Previously
Determined
Am.ounl (us adbove)
in
Tube (ml.) (ml.)
(ml.)
1 1 as 0.2 1 cm. zone of
erythema
above
1 1 0.2 no reaction
1 1 0.2 no reaction
1 1 0.2 1 cm. zone of

eryth.
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Here, when diluted 1 in 500, the serum neutralized, to the same
extent as the control, the amount of toxin which, in the presence of
1/500 unit of standard antitoxin, is shown by tube 4 (control) to give
the usual endpoint. Obviously then, it must be equivalent to the
undiluted standard or contain 1 unit per ml.

By varying the dilutions of the serum, other values are found in a
similar manner. For example, the quantity of antitoxin regarded by
some authorities > 7 ™ as the minimum required to produce a negative
Schick reaction (1/100 unit) may be tested for if a dilution of 1 in 5
is included. However, since opinions differ on this point,"* a protocol
is given showing proper dilutions for determining other fractions of a

TaBLE oF DiLUTIONS OF PATIENT'S StrA, AND UNITS REPRESENTED,
v TITRATION AT THE 1/500TH LEVEL

raction of Unit Tested Jor by Using 1 ml.

Serum S-line ot This Dilution with 1 ml. of Toxin Adjusted

(mi.) (mi.) Dilution to Give Lr Endpoint in Presence of 1 ml.

of  Standard  Antitoxin  Dilution  Contuining
1/500 Unit per ml.

|
|
%
!
l

10 00 0 1,500
oS 05 lin2 1250
02 08 lins 1 100
o1 0.9 lin 10 1°50
01 1.6 1in16.6 1 30
01 2 4 1in 25 120
o1 4.9 1in 50 110
01 9.9 1in 102 1/5

ni 49.9 1 in 500 1.0

unit. These differences of opinion may result from the use by the
various workers of toxins having widely differcnt combining powers, or
of insufficient incubation periods. Thus, a toxin containing large
amounts of nonspecific combining substances, or low combining rate,
would tend to give positive reactions in the presence of minimal anti-
toxin titers.
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I. INTRODUCTION

ULMONARY disease can be detected clinically and radiographically

but the demonstration of tubercle bacilli in the sputum or body
fluids of a patient is the surest method of diagnosing tuberculosis. ~As
other diagnostic methods find increasing employment, a greater nced
arises for the demonstration of the causative microirganism. The
finding of the tubercle bacillus admits of no further uncertainty or
equivocation in the diagnosis.

With the advent of mass radiography many patients have been
classified as “ tuberculosis suspects.” The phv«ician is confronted with
the problem of deciding first: does this lesion in the lungs represent
tuberculosns’ and second, if this is tuberculosis, is it * active” or

“inactive "? His decision determines whether or not the patient will
be sent to a sanatorium or tuberculosis hospital. Unless repeated
x-rays show definite changes, it is almost impossible to answer either one
or both of the above questions without bacteriological study.

Modern laboratory methods of searching for the tubercle bacillus
can greatly assist in the diagnosis of suspected tuberculous pulmonary
lesions. The three procedures most widely used are: (1) microscopic
search for bacilli, (2) cultural techniques, and (3) animal inoculation.
Nearly all types of pathological material can be examined by one or
all of these methods.

Il. COLLECTION OF SPECIMENS

A. SputuM

If a patient with symptoms of pulmonary tuberculosis consults a
physician and expectorated material is available, the sputum should be
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treated and cultured as soon as possible. The patient first needs an
explanation of what sputum is, and how to expectorate so that a proper
sample can be sent to the laboratory. The clinician should first
examine the specimen to determine whether it is really sputum or
merely saliva or nasal secretions. Obviously the latter type of material
is not satisfactory for culture.

The specimen should be collected in a sterile, widemouth, glass con-
tainer with a tightly fitted rubber stopper or screw cap. No preservative
should be added since these substances are frequently inhibitory to
growth of tubercle bacilli and many actually render them non-viable.

B. Gastric WASHINGS

Careful study of gastric washings from tuberculous patients whose
sputum has given negative results will yield tubercle bacilli in 20 to 25
per cent of cases if cultural methods are emploved. Pinner has shown
that culture of specimens of sputum and gastric washings that were
negative by direct or concentrated smear examination raised the number
of positive results by an added 30 to 40 per cent.!

The use of gastric lavage is indicated in two types of patients:

1. All patients with roentgenological lesions suggestive of tubercu-
losis but with sputum negative by other methods of examination.

2. All patients who raise no sputum, or those who swallow their
sputum.

The specimen is best taken in the early morning from a fasting
stomach. There is some evidence that peristalsis occurs with the
first physical efforts and the tubercle bacilli, if present, may be
carried away by the emptying of the stomach. Several techniques of
securing the specimen are available. A sterile Levine tube passed into
one nostril and directed through the esophagus is the technique most
widely employed. The patient is asked to drink S0 to 100 ml. of
water and then the gastric contents are aspirated with a sterile 50 ml.
syringe.

The use of a large French catheter passed through the mouth into
the esophagus and then into the stomach is preferred by many European
workers. The catheter has a funnel attachment and through this a
large amount of sterile distilled water is poured into the stomach. It
is stated that this gives a more vigorous washing of the stomach and
frees the microdorganisms which cling in the rugal folds. The specimen
is collected by lowering the funnel to the floor and letting the gastric
contents empty into a large sterile flask.
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The specimen is sent to the laboratory promptly for culturing since
there is some evidence that the tubercle bacilli disappear from the
specimen in proportion to the hours the specimen stands. This deleteri-
ous effect on the bacilli has been attributed to the acid in the gastric
juice and to the enzymes which are present. There is some evidence
that neutralization of the specimen offsets this action to some degree.
We have been able to culture tubercle bacilli in gastric washings 72
hours after lavage, using the French catheter technique. This is prob-
ably due to the large amount of water used in the lavage process (250
ml.) which acts to dilute both the acid and the enzymes present.

Gastric specimens should not be examined microscopically for two
reasons:

1. Bacilli are usually scarce and difficult to find.
2. Not uncommonly, non-pathogenic acid-fast bacilli are present in
the gastric washings and such microdorganisms are not distinguishable

under the microscope from pathogenic bacilli having the same tinc-
torial qualities.

C. URINE SPECIMENS

Demonstration of tubercle bacilli in the urine is naturally of the
greatest importance. It is most important in the search for them to
employ methods that yield reliable results.

Smegma bacilli normally inhabit the external genitalia and skin of
man. Indistinguishable morphologically and tinctorially from tubercle
bacilli, they may occasionally become a troublesome factor in the
diagnosis of genitourinary tuberculosis. For this reason dependence
upon the ordinary smear preparation is unreliable, and culture, animal
inoculation, or both procedures should be carried out. Careful cleans-
ing of the external genitalia and the use of the three-glass tests* will
help eliminate the possibility of confusing the smegma bacillus with the
tubercle bacillus. The urine collected in the second vessel should be
that saved for examination. Catheterized specimens should be used
whenever possible.

Twenty-four hour specimens are desirable for several reasons:
1. Tubercle bacilli may be eliminated intermittently with the conse-

quence that a single specimen may contain but few or no micro-
organisms.

* After th|:' external genitalia have been thoroughly washed urine is collected in three separate
vesse
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2. The sediment from a large quantity of urine concentrates the
bacilli and facilitates their detection.

Bacilluria has been reported in miliary tuberculosis, in tuberculous
meningitis, and in a few patients with pulmonary but without urogenital
tuberculosis. ’

D. LARYNGEAL SwaB

Laryngeal swabs may be used to search for tubercle bacilli in patients
from whom no sputum is obtainable.

The swab is prepared by using a flexible wire or sound about 8 inches
in length which has a roughened or hooked end to which a small cotton
ball may be attached. The sound is bent into a gentle curve and may
be sterilized in a large test tube or in gauze or paper. Before use the
cotton is immersed in sterile water and pressed dry with sterile forceps.
The operator holds the patients tongue forward with gauze and then
with the use of a laryngoscope mirror the swab is passed into the
region of the larynx. The patient is instructed to cough, following which
the sound is removed. It is then placed in a sterile test tube ready
to be submitted to the laboratory.

E. OtHEr Boby Fruips

Pleural, pericardial, ascitic, synovial fluids and other body fluids
are aspirated using sterile technique. The specimen is placed in a sterile
test tube or other suitable container to be submitted to the laboratory.
Oxalate bottles may be used to prevent clotting.

F. Pus AND TISSUES

‘This type of material may be submitted to the laboratory in sterile
test tubes without preservatives. Tissues may also be collected in
sterile Petri dishes.

G. FEcEs

Widemouth, glass containers without prescrvative, such as are used
for sputa, may be employed for collecting fecal specimens.

. MICROSCOPIC EXAMINATION OF SPECIMENS

While other means are available for detecting tubercle bacilli in
pathological material, none is so easy, rapid, or readily applicable as
that based on the tinctorial reactions of this bacterium. Microscopic
techniques, however, are not sensitive enough to be reliable when small
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numbers of bacilli are being sought. It has been estimated that
between 10,000 and 100,000 bacilli per ml. of sputum must be present
before their detection in smear preparations is likely. In addition, it is
extremely difficult, or impossible, to differentiate microscopically non-
pathogenic acid-fast microdorganisms from tubercle bacilli.

However, since acid-fast bacilli found in sputum usually are
tubercle bacilli, microscopic examination of sputum should be per-
formed since it affords a method of giving the clinician a prompt
report.

A. TECHNIQUE FOR MAKING SMEARS

1. Direct Smear. This is of use chiefly for sputum specimens. The
specimen is poured into a Petri dish on a black background. Several
flecks of caseous particles or thick masses of the sputum are removed
with wooden applicators or wire loops. These are placed on a micro-
slide and a smear is made by rubbing the material with another slide.
A wire loop or spade may be used to prepare the smear. After the
smear has dried in the air, it is passed through a low flame two or
three times for fixation. Electrical heating trays are available and
serve this purpose well. The use of excessive heating is to be avoided,
since the morphology of tubercle bacilli may be altered by high
temperature. The specimen is then ready for staining.

2. Concentrated Smear. A smear may be made from the concen-
trated and homogenized specimen. (See techniques of concentration
below.) Using a wire loop or a capillary pipette, the liquid material
is placed on a slide. Serum or egg albumen may be used as a fixative,
since thin smears tend to wash off during the staining procedure. A
ring made on the center of the slide with a glass-marking pencil tends
to keep the material from washing off. The preparation is heated
gently before carrying out the staining process.

Direct smears are as efficient as concentrated smears if they are well
made and especially if careful selection of choice particles is carried out.
This selection procedure is a concentration technique in itself.

B. STAINING METHODS

Many staining methods have been devised but the Ziehl-Neelsen
technique still remains the most reliable and widely used. Therefore,
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while references are given to some alternative techniques, only the
Ziehl-Neelsen procedure is given in detail.
1. Zichl-Neelsen method *

Procedures
Cover smecar with carbolfuchsin stain *
Steam gently 3 to 5 minutes
Wash in tap water
Add acid alcohol ¥ until preparation is colorless (app. 1 minute)
Wash in tap water
Counterstain with methylene blue § five seconds or longer, depending upon the
thickness of the smear
Air-dry with gentle heat

Other counterstains

Brilliant green and picric acid have been used as counterstains. It
is only by trial that one can select the counterstain of preference. It
has been noted that counterstaining with picric acid is useful to indi-
viduals who are color-blind.

Brilliant Green may be used as 1 per cent solution in 0.019 sodium hydroxide.
Picric acid may be used in strengths from 4 per cent to saturated aqueous
solution (192).

2. Other methods

Cooper * has suggested a modification in staining based on the fact
that sodium chloride and several other chemical substances in proper
amounts precipitate the dye material from carbolfuchsin. The pre-
cipitate is formed at room temperature but disappears at 28 to 30°C.
Presuming that such a deposit might occur in the body of the acid-fast
bacillus when brought in contact with warm carbolfuschin and sodium
chloride, he devised a method employing the addition of 10 per cent
sodium chloride to carbolfuchsin. The stain is warmed to 30°C., or
above, before it is applied to the smear. After staining, either by
steaming or in the incubator, the smear is allowed to cool before being

* Carbolfuchsin
Alcohol 08¢ L e 100 ml.
Basic fuchsin. ..o 0 o e 3.0 gm.
This mukes a saturated solution.
Carbolfuchsin is then prepared from this solution as follows:
Saturated alcoholic solution.......... .. ... . o i i i 10.0 ml.
5% phenol (A ...t e e e 90.0 ml.
t Acéd aliohol is prepared by adding 3 ml. of concentrated hydrochloric acid to 97 ml. of
95 per cent alcohol.
$ LoefRer's alkaline methylene biue
195 methylene blue in 95¢ Ethyl alcohol. ... ... ... ... ... ... ..o ... 30ml.
0.01% aq. solution of KOH. ... ... . i i it i 100 ml.
Dilute with distilled water 1:20 before use.
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washed and decolorized. In all other points the procedure is like
Ziehl-Neelsen staining.

Gabbett * has devised a method of combined destaining and counter-
staining. This is a rapid technique but has not proved as satisfactory as
the Zichl-Neelsen method.

Steenken ® has described a 24 hour method of staining in which the
slides are placed in staining trays containing modified carbolfuchsin.*
The trays are placed in a wire rack and allowed to stand in the incubator
in a humidor overnight. The tray described by Steenken has the advan-
tage of not allowing cross-contamination from positive smears to nega-
tive ones. The latter consideration is more theoretical than practical
when dealing with smears made from sputum but should be con-
sidered when cultures or thin specimens are being stained.

Muller and Chermock ¢ have described a rapid staining method
which employs the use of a detergent.}

Fluorescent microscopy in the hands of some workers has been
reported to yield good results. It has the advantage of enabling the
microscopist to examine smears rapidly, using low powered objectives.
However, the danger of false-positives because of fluorescent particles
other than tubercle bacilli, has been pointed out by many workers.”

The examination is performed in a dark room. The microscope is
equipped with an ultra-violet lamp, an aluminized mirror, and a yellow
ocular filter. Magnification with a 20 X ocular and an 8 mm. objective
is desirable. The well stained smear shows fluorescent bacilli against
a dark background. The technique has been best described by Richards
and Miller,® and Richards and Kline.® The staining solutions which
have proved to be most useful have been reported by Thompson.!®

C. RECORDING OF FINDINGS

There is a difference of opinion as to the proper interpretation of
the number of bacilli which are found by the microscopist. Some
laboratories still prefer the use of the Gaffky scale'! for reporting
bacilli. Gaffky assigned an arbitrary evaluation to numerals so that
each numeral represented an average number of bacilli found in an oil
immersion field. The present Committee of Evaluation on Laboratory
Proceduses of the American Trudeau Society 2 condemns this scale as
being unduly cumbersome and so detailed as to be misleading. There-

* Modified carbolfuchsin (Cooper): To 100 mi. Ziehl-Neelsen carbolfuchsin add 0.5 ml. 10 per
cent sodium chloride.

t One drop of tergitol No. 7 to each 2540 ml. of carbolfuchsin.
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fore, they recommend a simplified method of reporting, referring to
the number of bacilli found as follows:

Numerous 34 (10 or more acid-fast bacilli in most oil-immersion fields)
Few 24 (10 or more acid-fast bacilli in entire smear)

Rare 14 (39 acid-fast bacilli in entire smear)

1 or 2 bacilli to be so recorded

The time of the examination of each slide, and more important the
amount of each slide examined, gives a more reliable index as to the
number of organisms present. It is, therefore, recommended that each
smear have the same number of lines examined, either three horizontal
lines or 9 vertical lines (3 x 1 slide), regardless of how long this
procedure takes. This conduces to uniformity of reporting since some
individuals may be able to examine a given area of smear in a few
minutes whereas another microscopist may require a much longer time
for the same area. Using this method of examination the number of
bacilli found are reported by our laboratory as follows:

Innumerable 100 or more bacilli found

Many = 50 to 100 bacilli found
Few = 10 to 50 bacilli found
Rare = § to 10 bacilli found

14 acid-fast bacilli found are so recorded

This method is easily adaptable to evaluation studies on microscopic
material.

Clinically, the finding of acid-fast bacilli on a smear is more im-
portant than the number present. Before the final diagnosis is made
the worker will probably want recourse to culture or animal inoculation.

IV. CULTURAL METHODS FOR THE DEMONSTRATION OF
TUBERCLE BACILLI IN PATHOLOGICAL MATERIAL

With the development of relatively specific and fairly sensitive
culture media, small numbers of tubercle bacilli can be detected in
pathological material by methods of cultivation. The steps in the
preparation of specimens for cultivation are: (1) digestion and de-
contamination (2) homogenization and (3) concentration. Several
acceptable methods of cultivation are listed below.

A. Sopium Hyproxipe METHOD (Petroff) 18

Equal parts of 3 or 4 per cent sodium hydroxide are added to the
sputum. The mixture is shaken by hand or in a shaking machine for
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15 minutes or until complete homogenization is secured. Paint-con-
ditioning machines have been adapted for this purpose. After homo-
genization is complete, the specimen is centrifugalized at 3,000 r.p.m. for
15 minutes. The supernatant fluid is poured off and one drop of
phenol red indicator solution added to the sediment. Enough normal
hydrochloric acid is then added for neutralization. The concentrated
material can then be seeded on tubes of a reliable culture medium
using a capillary pipette, or it can be inoculated into animals. This
method of cultivation is serviceable for nearly all types of pathological
material especially specimens such as sputum, pus, tissues, and thick
tenacious material. '

B. HyprocHLORIC ACID CONCENTRATION (McNabb) '

An equal volume of 3 per cent hydrochloric acid containing brom
cresol purple as an indicator is added to the specimen. The mixture
is then shaken in a paint shaker for 15 minutes. The specimen is then
neutralized using 3 per cent sodium hydroxide. The specimen is centrif-
ugalized at 3,000 r.p.m. for 15 to 30 minutes. The supernatant is
decanted and the sediment is inoculated onto culture media using a
capillary pipette with a rubber bulb.

Five per cent sulfuric acid may be used in place of 3 per cent hydro-
chloric acid. The acid concentration methods are particularly useful
for thin, clear body fluids where strong digesting agents are not
required.

C. AruM FroccuratioNn MetHop (Hanks) '

Equal volumes of specimen and 4 per cent sodium hydroxide which
contains 0.2 per cent potassium alum and 0.002 per cent thymol blue
are mixed. After digestion add 2.5 N hydrochloric acid, drop by drop,
until the color denotes neutrality. Shake the specimen for 30 seconds or
until flocculation occurs. If flocculation does not occur in 5 minutes, add
0.2 ml. of 1 per cent ferric chloride and shake again. The mixture is cen-
trifugalized for 10 minutes at 3,000 r.p.m. The supernatant fluid is
decanted and the sediment is ready for cultivation or animal inoculation.
This technique is useful because many tubercle bacilli which ordinarily
might not be in the sediment are carried down by the flocculation.
It is most desirable for pleural fluid and urine specimens.

D. TrisopiuM PHOSPHATE CONCENTRATION METHOD
(CorpPER & STONER) '*
The specimen is added to 10 per cent trisodium phosphate (23%
NazPO; - 12 H20) in equal volumes. After homogenization is com-
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plete the specimen is centrifugalized at 3,000 r.p.m. The supernatant
fluid is decanted and the sediment is washed with 10 ml. of sterile
physiological saline. The mixture is recentrifugalized, the supernatant
poured off once more, and the sediment is ready for planting on culture
media or for animal inoculation. Because trisodium phosphate is rela-
tively nontoxic to tubercle bacilli this method is useful for specimens
which are shipped through the mail. The digestant may be added to

the collecting container and digestion is usually complete when the
specimen arrives in the laboratory.

E. INCUBATION AND INTERPRETATION

The culture tubes are incubated at 37°C. and are examined at
weekly intervals for a total of 6 to 8 weeks. From the color and
morphology of a colony the trained bacteriologist can usually decide
whether it is formed by tubercle bacilli or non-pathogenic acid-fast
bacteria. Smears should be made of all cultures to determine acid-
fastness.

On a complex solid egg medium such as the Jensen modification of
Lowenstein’s medium '™ (34 per cent glycerol) human, bovine, and
avian strains will grow with certain colony characteristics which assist
the bacteriologist in determining their type.

Colonies of human tubercle bacilli generally appear in 12 to 25
days and, because of their luxuriant growth, are termed ‘‘eugonic.”
They are dry, friable, somewhat rough and, after a few weeks, generaily
measure from 8 to 12 mm. in diameter. They assume a “cabbage”
appearance and are casily detached from the surface of the medium.
They emulsify with difficulty.

Colonies of the bovine type do not grow as rapidly as those of the
human type. They usually appear in 25 to 40 days. They are tiny,
pale, smooth, pyramidal colonies. Their growth characteristics have
been termed “dysgonic.” They adhere to the surface of the medium
and emulsify readily.

Avian type colonies generally appear in two or three weeks. They
are smooth and hemispherical and often have a faint yellow or grey
pigment. They are somewhat larger than bovine type colonies.

Colonies of acid-fast saprophytes appear in a few days and are
usually chromogenic. Their appearance differs from that of the patho-
genic types in that they are soft, creamy, and usually smooth. Most
saprophytic strains grow well at room temperature whereas tubercle
bacilli require 37-38°C. for optimal growth.
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Although some workers will not rely upon cultural characteristics to
differentiate types, it is usually because they are not fully conversant
with these differences. With a modest amount of training one may
tentatively identify types of acid-fast bacilli by their colony appearance
on Lowenstein-Jensen medium. Proper animal studies to confirm the
cultural diagnosis should always be performed.

V. CULTURE MEDIA FOR THE ISOLATION OF TUBERCLE BACILLI
FROM PATHOLOGICAL MATERIAL

Reliable cultural results depend on attention to certain details of
technique, as well as upon the use of the best available medium. It is
important in this connection that:

1. The glassware used should be well cleaned and sterile. Hard
glass such as Pyrex and Jena are preferable to soft glass, since soft
glass tends to give off alkali during sterilization.

2. The chemicals and nutrient material should be pure and fresh.

3. The heating necessary for coagulation and sterilization should
be gentle to prevent the release of substances which may inhibit growth
of microdrganisms.!8

4. After inspissation the medium should be stored carefully in well
stoppered tubes to prevent evaporation.*

5. The culture medium should support the growth of small numbers
of bacilli; should promote rapid growth and should permit easy
identification of typical colonies. The medium should also be capable
of inhibiting the growth of contaminating microrganisms.

A. PREPARATION OF GLASSWARE

Frequently new glassware contains traces of alkali and often contains
spores of various bacteria. New glassware, therefore, should be allowed
to stand overnight in a weak solution of hydrochloric acid (2 per cent).
The glassware is then washed in running water and rinsed twice in
distilled water. After this, it is allowed to drain and dry at room
temperature. Old glassware, particularly test tubes in which cultures
remain, should be sterilized in an autoclave. The bulk of the old
media is removed and the glassware is boiled in soapy water under a
hood for 30 minutes. This glassware is then ready for cleaning with

* Paraffined cotton plugs and screw cap tubes are equally desirable.
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the above mentioned hydrochloric acid technique or it may be cleaned
as follows:

1. The glassware is placed in a cleaning solution (prepared by
dissolving 50 gm. of technical grade sodium dichromate in 400 ml. water
and adding one liter of concentrated sulfuric acid). After removal from
this solution, the glassware is thoroughly rinsed in tap water and then
rinsed again in distilled water to remove all traces of the cleaning
solution.

2. After the tubes are dried, non-absorbent cotton plugs are placed
in the mouth of the tubes to a depth of about 2 cm.

3. After plugging, the tubes are placed in a hot-air sterilizer where
they are maintained for a period of 1 hour at 170°C. This is usually
sufficient to destroy all bacteria. Petri dishes and pipettes may be
wrapped in paper or placed in metal containers prior to sterilization.

Sterilization by autoclave may be used for material which does not
rust. Material in closely packed baskets should be kept at 15 lbs.
pressure and 121° C. for 20 minutes. When tubes containing liquid are
autoclaved, care must be taken to prevent the blowing out of the cotton
plugs by rapid reduction of pressure.

B. CuLTure MEDIA

The choice of a culture medium to be employed for isolation of
tubercle bacilli from pathological material is usually decided by personal
preference. There are néw, however, enough evaluation studies to
indicate that certain media are more desirable than others for primary
isolations. In general liquid media are not suitable because one cannot
determine whether visible turbidity is due to tubercle bacilli or non-
pathogenic acid-fast bacilli. Even smears of these cultures are of little
help because morphologically one cannot differentiate reliably between
tubercle bacilli and saprophytes. It is therefore recommended that a solid
egg medium be employed for primary isolations. The liquid media
are reserved for transfers of pure cultures and for research purposes.

In the experience of the Tuberculosis Evaluation Laboratory of the
U. S. Public Health Service the Jensen modification of Lowenstein’s
medium is at present the most efficient culture medium for routine
diagnostic use. It has the advantage of supporting the growth of
human, bovine, and avian strains and the trained bacteriologist can
differentiate, with a fair degree of certainty, non-pathogenic from
pathogenic acid-fast bacilli.
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Ficure ‘1—Photograph demonstrates the use of the capillary pipette with a
rubber bulb. The inoculum is spread evenly over the surface of the
slant by employing a scrpentinc motion.
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1. Modified Lowenstein’s Medium 1°
Salt Solution:

Monopotassium phosphate 2.4 gm.
Magnesium sulfate 0.24 gm.
Magnesium citrate 0.6 gm.
Asparagine 3.6 gm.
Glycerol 12 ml.
Distilled water 600 ml.
Potato flour 30 gm.
Homogenized whole eggs 1,000 ml.
Malachite green, 2% aqucous solution 20 ml.

The salt solution is heated in a flask in a 56°C. water bath for 2
hours, or until all of the salts are dissolved. Thirty gm. of potato flour
are added to the flask, and the mixture is boiled, with continual shak-
ing or stirring, in a boiling water bath, until the potato flour assumes
a “cooked” appearance, usually about 30 minutes. The flask is then
placed in a 56°C. water bath for 1 hour, during which time the eggs
may be prepared.

Fresh country eggs, not more than 1 week old, are employed, and
are cleaned by vigorous scrubbing in a solution of approximately 5 per
cent soap and soda solution. They are then left in the soap and soda
solution for 30 minutes, after which time they are placed in running
cold water, until the water becomes perfectly clear. They are broken
into a sterile flask, homogenized completely by shaking, and filtered
through sterile gauze.

One liter of homogenized whole eggs is added to 1 flask of the potato
flour-salt solution, and to this are added 20 ml. of malachite green
solution. After thorough mixing, the medium is tubed by means of a
sterile aspirator bottle with a funnel and bell attachment, or similar
tubing device. Between 5 and 6 ml. are delivered into 150 mm. Pyrex
test tubes, and these tubes are solidified by inspissation at 85°C. for
40 minutes. The cotton stoppers are then trimmed and paraffined, to
prevent evaporation.

It is advisable to keep the medium stored in a refrigerator until it is
used. The medium should be used as soon as possible after preparation
and should be discarded after 4 weeks since it loses sensitivity after
that time.

2. Trudcau Committee Egg-Yolk Potato Flour Medium =°

Egg Yolk 500 ml.
Potato flour water (2% glycerol) 500 ml.
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a. The potato flour water is made by adding 20 gm. of potato flour
to 500 ml. of 2 vol. per cent glycerol water in a flask or beaker. Heat
to boiling with constant stirring. Cool to 50° C.

b. Egg Yolk: Fresh hens’ eggs are carefully cleansed with wet gauze,
rinsed in alcohol, and flamed. The egg white and yolks are separated.
A proportion of one whole egg to eleven egg yolks is used and 500 ml.
of this combination is prepared.

c. The 500 ml. of egg yolks are poured into the 500 ml. of potato flour
water and to this is added 20 ml. of 1 per cent malachite green solution
in 50 per cent alcohol. All ingredients are thoroughly mixed and
tubed. :

d. The medium is coagulated in a slanted position and sterilized by
single one hour stay in an inspissator heated to 90°C.* The tubes are
incubated for 48 hours; contaminations are rare if aseptic technique is
maintained throughout the procedure. An egg-yolk medium prepared
as indicated above will be definitely acid in reaction, with pH in the
neighborhood of 6.5. If the tubes contain too much water of con-
densation the excess should be removed.

3. Liquid Media for Subcultures and Research
a. Basal Medium (Dubos) 21

KH,PO, 1.0 gm.

Na:HPO, 6.3 gm. heat in 100 ml. distilled water to dis-
solve

Asparagine 2.0 gm.

Add:

Distilled water 850 ml.

Enzymatic digest of casein 2 gm. (40 ml. of a 5% autoclaved solution in
distilled water)

Ferric ammonium citrate 0.05 gm. (1 ml. of a 5% stock solution in dis-
tilled water)

MgS0..7 H.0 0.01 gm. (1 ml of a 1% stock solution in dis-
tilled water)

CaCly 0.0005 gm. (1 ml. of a 0.05% stock solution in
distilled water)

ZnSO, 0.0001 gm. (1 ml of a 0.01% stock solution in
distilled water)

CuSO. 0.0001 gm. (1 ml of a 0.01% stock solution in

distilled water)
Adjust pH to 6.5-6.8
Distribute medium in flasks or Blake Bottles as described below—or in test
tubes 25 mm. in diameter (5 ml. per tube).

* We employ 85° C. for 40 minutes.
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b. Tween-Albumin Medium
(for submerged diffuse growth)

Basal medium 900 ml.

Tween 80 0.5 ml. (5 ml of a 10% stock solution in dis-
tilled water; keep this solution in the
refrigerator and do not use after onme
month)

Autoclave

Add:

Bovine Albumin (serum Frac- (100 ml. of a 5% stock solution in

tion V) 5 gm. 0.85% saline neutralized with NaOH and
sterilized by filtration)

Glucose 5gm. (10 ml. of a 50% stock solution in

distilled water sterilized by autoclaving)

(Cultures of Mycobacteria in this medium are said to be “fully grown” when

macroscopic “ creeping ” of clumps can be seen on the sides of the tube or flask;

at this time each ml. of medium will contain approximately 0.2 mg. dry weight

of bacilli.) The albumin solution should be neutralized and heated at 56° C. for
30 minutes to prevent hydrolysis of the Tween.

c. Oleic Acid-Albumin Medium (Dubos) 21

“ IMPORTANT: In order to facilitate isolation from material contaminated with
other bacteria an attempt has becen made to render the medium as selective as
possible by limiting the variety and concentration of nutrients in the basal medium.
Thus glucose and glycerine are entirely omitted. It is advisable to reduce
asparagine from 2 gm. to 1 gm., Ferric ammonium citrate from 0.05 gm. to
0.005 gm. Satisfactory growth of tubercle bacilli is obtained at pH 6.5, a reac-
tion which depresses the growth of many contaminants.

“ Substitution of oleic acid for Tween 80 causes the growth to be granular in-
stead of diffuse; this may facilitate detection of large clumps of acid-fast bacilli
under the low power lens.”

Basal medium 900 ml.

Autoclave

Add:

100 ml. of the following preparation of oleic acid-albumin complex:

(1) Dissolve 0.12 ml. of oleic acid (0.1 gm.) in 10 ml. of N/20 NaOH by
shaking with a rotary motion in a small flask.

(2) Add 5 ml. of this solution to 95 ml. of a neutral 5 per cent solution of
Fraction V albumin in 0.85 per cent saline.

(3) Sterilize by filtration through bacteriological filters, preferably glass or
porcelain filters.

d. Egg Yolk-Water (Besredka) 22

Egg yolks 10
Redistilled water 3,500 ml.
Sodium hydroxide, 1% 60-70 ml.

Malachite green, 2% (aq.) $ ml. per 1,000 ml. medium
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Add 10 egg yellows to 500 ml. of redistilled water in a 2 liter Erlenmeyer
flask. Shake well. Filter through gauze into a 1 liter graduate cylinder. Measure
the volume. Add 60 to 70 ml. of 1 per cent sodium hydroxide (pH 9). Make up
to 3.5 liters with redistilled water. Five ml. of 1-10,000 malachite green are added
to each liter of egg media (2 per cent malachite green). Fill test tubes with
6 ml. Autoclave 20 minutes at 110° C. The pH should be 8.1 after autoclaving.
This medium supports submerged growth of tubercle bacilli and is particularly
useful for isolating bovine strains of tubercle bacilli.

VI. ANIMAL INOCULATION

Animal inoculation is sometimes necessary to differentiate between
pathogenic and non-pathogenic acid-fast bacilli. Also, when dealing
with specimens that are repeatedly contaminated on culture, it is
sometimes possible to recover tubercle bacilli following animal inocula-
tion.

The guinea pig is most widely used. Subcutaneous inoculation in
the groin is preferred to other routes of injection. The concentrated
material prepared as for culturing is used for animal inoculation. One
ml. of concentrate is inoculated with a Luer-Lok or tuberculin syringe
and a 20 to 21 gauge needle.

A tuberculin test with 5 mg. of old tuberculin is performed before
inoculation and in three or four weeks after inoculation. The animal
is sacrificed if the test is positive. If the test is negative the animal is
allowed to live for six weeks at which time it is autopsied. If viable
tubercle bacilli were present in the specimen, one will see regional
lymph node involvement with spread usually to the spleen, liver, and
lungs. Saprophytes may produce a local abscess and regional lymph-
adenitis.

Impression smears should be made of all organs showing evidence of
gross pathology. These should be stained by the Ziehl-Neelsen tech-
nique and examined microscopically for the presence of tubercle bacilli.
Cultures should be made from organs of those positive guinea pigs
which were inoculated with specimens having negative cultures. All
guinea pigs injected with specimens and not cultures, are inoculated
subcutaneously in the right groin with 1 ml. of the suspension prepared
according to the procedure previously outlined. They are killed and
autopsied at the end of 6 weeks.

. Vil. TYPING OF TUBERCLE BACILLI

Animals used for typing should be young and healthy. Prior to
use they should be tested with 5 mg. of Old Tuberculin and only
negative reactors should be used. If possible the animals which are
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injected with pathological material or cultures should be kept in indi-
vidual cages.

A. PrePARATION oF CULTURES ¥OR TYPING BY ANIMAL INJECTION
1. Place a sterile watch glass in a sterile Petri dish with sterile
forceps. (Or have watch glasses sterilized in Petri dishes.)

2. Weigh the watch glass on an analytical balance, taking care not
to contaminate it.

3. With a wire loop, sctape some of the colonies from the culture
and place in the watch glass.

4. Weigh the watch glass with the culture, taking care to avoid
contamination.

1 ml. 1ml. 1ml, 0 l-l 1 ml
/\\ //— — — —\ N /./—\
Aml. Img.mt| |10 102 10! 0’
saline
5 mg. ml. 1mg. ml. 9 ml. 9 ml. 9.9ml. 9 ml.
It a saprophyte saline saline saline saline

5. Mark 5 test tubes with the culture number and the dilutions: 1
mg. per ml,, 10! mg., 10-* mg., 10~ mg. and 10~* mg.

6. Measure sterile physiological saline into the first tube so that
when mixed with the weighted culture 1 ml. will contain 1 mg. If the
culture is a saprophyte, make the dilution so that 1 ml. will contain
5 mg. of bacteria.

7. Using the sterile loop, scrape the colonies from the watch glass
into a sterile mortar; add one drop of saline from the tube marked
1 mg./ml. and grind the culture thoroughly: add another drop of saline;
grind, continue adding saline a few drops at the time, and grinding the
bacteria in it. When a homogeneous mixture is obtained add the
remaining saline. Using a sterile Pasteur pipette, transfer the mixture
to the test tube. From this tube the other dilutions are made.

8. Make dilutions as follows: 107! mg./ml., 10"* mg./ml. 10™* mg./ml.
and 10® mg./ml.
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Use a graduated pipette to transfer indicated amounts to next tube.
Do not mix with this pipette. Take a new pipette and mix solution
by drawing liquid up and down. Use this pipette to transfer desired
amount. Discard pipette and proceed with the next dilution in a similar
manner.

B. TyPING oF CULTURES BY ANIMAL INOCULATION

If the colony characteristics suggest:

1. Dysgonic human or bovine type, inoculate 1 ml. of 107* mg. into
a guinea pig intraperitoneally or 1 ml. of 10 mg. subcutaneously in
the right groin and 1 ml. of 10! mg. into the marginal vein of the ear
of a rabbit.

2. Avian type, inoculate 1 ml. of 1 mg. into one chicken intraperitone-
ally and into another intramuscularly deep in the pectoral region or
intravenously in the wing.

3. Saprophyte, inoculate 1 ml. of 5 mg. into a guinea pig subcutane-
ously in the right groin.

Rabbits are killed after 3 months.

Guinea pigs are killed after 2 months (intraperitoneal inoculations)
or after 6 weeks (subcutaneous inoculations).

Chickens are killed after 3 months.

C. AuTtoprsy FINDINGS

1. Rabbits: Those inoculated with bovine tubercle bacilli usually die
in 3 weeks with a generalized tuberculosis. Those receiving human
tubercle bacilli survive and are sacrified at the end of 3 months. There
are usually a few small tubercles in the lungs and kidneys only. Avian
tubercle bacilli inoculated intravenously into rabbits give rise to the
Yersin type of disease without the formation of macroscopic tubercles.

2. Guinea pigs: A skin test with 5 mg. O. T. may be performed
at 4 weeks. If positive (at least 5 mm. of induration in 48 hours), the
animal can be killed and autopsied. Human and bovine bacilli both
give rise to a progressive, usually fatal, disease in guinea pigs with
lesions in regional lymph nodes, abdominal nodes, spleen, liver, and
lungs. Saprophytes (acid-fast) do not progress beyond the site of
inoculation and regional lymph nodes. Avian bacilli often produce
no lesiofis at all, or only a local abscess.

3. Chickens: After injection with avian tubercle bacilli chickens
die in a variable time, usually greatly emaciated. The disease is marked
in the spleen, liver, kidneys, and mesenteric lymph nodes. After inocu-
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lation with mammalian tubercle bacilli, chickens respond, usually with

no recognizable lesions but occasionally an abscess forms at the site
of inoculation.

Viil. DISCUSSION

From the point of view of the laboratory a given specimen should
rever be called negative for tubercle bacilli unless it has been examined
by culture or animal inoculation or both. Carefully performed cul-

tures are as efficient as animal inoculations and have the advantages of
economy and rapidity.

Modern methods of searching for the tubercle bacillus can greatly
assist in making the diagnosis of tuberculosis. Indeed there are some
clinicians who would never make the diagnosis of active tuberculosis
unless tubercle bacilli can be demonstrated by the laboratory. As with
all other laboratory investigations, the results must always be correlated
with the clinical findings. However, the finding of tubercle bacilli in
a patient’s sputum or body fluids unequivocally establishes the diagnosis
of tuberculosis.
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1. Test for floccular and granular agglutinative properties
2. Test for Vi agglutinative properties
V. REFERENCES

I. INTRODUCTION

ROCEDURES are outlined for the examination of specimens for

evidence of infection with Salmonella * and Shigella and for the de-
tection of carriers. The methods have been selected in so far as prac-
ticable on the basis of comparative studies and in the light of helpful
criticisms and suggestions from many laboratories in the United States
and Canada. They are essentially those in use in the Division of Lab-
oratories and Rescarch of the New York State Department of Health !
and in the approved local laboratories throughout the state.*

The identification of individual Salmonella species other than Sal-
monella typhosa is not included since this procedure is specialized and
can be efficiently undertaken only in a laboratory where a relatively
large number of strains are examined. Consult Kauffmann?® ¢ Kaufi-
mann and Edwards,” and Edwards and Bruner ® for information on
this subject.

The designation Shkigclla paradysenteriae as used in this chapter in-
cludes all the types or races that have been discussed by Boyd,?
Weil,!" 1! and Wheeler.'> '3  Since a standard classification has not
been generally accepted, recommendation of methods for their differ-
entiation is impracticable.

The differentiation of types of Salmonella tyvphosa with bacteriophage
as outlined by Craigie and Felix'* provides information that may aid
the epidemiologist in establishing the source of infection in typhoid
fever. A national reference center for bacteriophage typing of Sal-
monella under the direction of Dr. P. R. Edwards has been established
at the Communicable Disease Center of the United States Public Health
Service at Chamblee, Ga. The bacteriophage preparations and standard
type strains of Salmonclla typhosa were supplied by Dr. A. Felix,
Central Enteric Reference Laboratory, London. These preparations
have been redistributed to a few laboratories in the United States, a list
of which can be obtained from Dr. Edwards.

The failure of a microdrganism to fulfil the criteria established for
the identification of recognized pathogenic species is not sufficient rea-
son for regarding it as of no diagnostic significance. Aberrant strains

* The nomenclature adopted in Brrgey’s Manual has been cemployed to conform with the
editorial policy of the American Public Health Association.
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of certain species are sometimes encountered, and hitherto unrecognized
species may be found to incite enteric disease.

1l. COLLECTION OF SPECIMENS
A. SpeciMeENs To Aimip 1IN DiacNosis

Evidence of infection with bacillary incitants of enteric disease may
be demonstrated by examination of :

1. Blood for Salmonella during the early stages of the illness.

2. Feces for Salmonella and Shigella at any stage of the illness and
often during convalescence. The study of a series of fecal specimens
is important if bacillary incitants of enteric disease are not isolated and
clinical and epidemiologic data suggest their presence. They may be
found in extremely small numbers or rendered nonviable by bacteri-
ophage. Rectal swabs have been recommended by Hardy and his
associates !% 1 for the collection of specimens to be cxamined for dysen-
tery bacilli, especially from inmates of institutions and hospitalized
patients. Shaughnessy, Friewer, and Snyder'’ reported that fecal
specimens collected after the administration of a cathartic were more
reliable than rectal swabs for demonstrating the presence of Salmonella
typhosa and other Salmonella, especially in the case of intermittent
carriers of these micro6rganisms.

3. Urine for Salmonella and possibly certain types of Shigella when
infections are localized in the genitourinary tract.

4. Blood serum for agglutinative properties for Salmonella typhosa
after the first week or 10 days of illness. Agglutination tests with other
Salmonella are usually not practicable because of the close antigenic
relation of individual types within the several groups.

The agglutination test with dysentery bacilli has been found of little
value as an aid in diagnosis during the acute stages of the illness.

B. SPECIMENS FOR CARRIER DETERMINATION

Carriers of bacillary incitants of enteric disease may be determined
by examination of:

1. Feces for Salmonella and Shigella.

2. Usine and duodenal drainage for Salmonella.

The examination of duodenal drainage is recommended (1) in case
typhoid bacilli or other Salmonella are not found in feces or urine from
an individual whom serologic tests or epidemiologic data indicate to be
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a carrier; (2) to confirm the assumption that the infection is localized
in the gall-bladder when cholecystectomy is contemplated; and (3) for
release of a carrier after cholecystectomy.

Bacteriologic examination of gall-bladders and their contents is rec-
ommended regardless of the reasons for their removal.

3. Blood serum for agglutinative properties for Salmonella typhosa.

Blood serum from typhoid carriers may be expected to agglutinate
Salmonella typhosa in a floccular manner. This type of agglutination,
however, may be demonstrated for years in the blood of individuals
who have recovered from typhoid fever and who are not carriers, and
also in that of persons who have had vaccine. Vi agglutination occurs
in the serum of from 80 to 90 per cent of typhoid carriers and from
5 to 10 per cent of individuals in whom no evidence of infection can
be demonstrated, following typhoid vaccination,'® '® and in malaria.?
Vi agglutination tests may, therefore, aid but are not infallible in the
detection or exclusion of the carrier condition.

C. OUTFITS FOR THE SUBMISSION OF SPECIMENS

When cultural examinations can be undertaken within a short time
(1 or 2 hours) after collection, the only requirement for the outfit is
that it shall be a tightly covered container that can be safely trans-
ported and destroyed or sterilized after use. Instructions for collecting
the specimens and history forms for recording pertinent data regarding
the patient should also be provided. When fecal and urine specimens
are to be sent by mail, outfits should conform to the postal laws and
regulations and should contain a diluent that provides conditions favor-
able to the viability of the pathogenic microdrganisms.

1. Feces: Buffered 30 per cent glycerol solution* is recommended,
in 8-10 ml. amounts in tightly stoppered or sealed glass tubes or jars with

* Buflered Glycerol-Sodium Chloride Solution.

Sodium chloride ........... ittt i i i 4.2 gm.
Water, distilled, to make ......... ..ottt 700 ml.
L T 300 ml.
Dipotassium phosphate, anhydrous ..................oiiiiieinen 3.1 gm.

Monopotassium phosphate, anhydrous .............cooviiiiiinitn 1 gm.
a. Dissolve the sodium chloride in part of the water and make up to 700 ml. Add glycerol and
phosphates. The phosphate concentration is about 0.025 molar.
b. Determine the rcaction which should be pH 7.2. If necessary, adjust the pH with ¥ 1 HCl
or N 1 NaOH.
c. Filter through paper and cotton.
d. Dispense in 8-10 ml. amounts in the tubes or jars used in the outfits to be distributed for col-
lection of fecal specimens.
e. Cap loosely and autoclave for 40 minutes.
f. After removing from the autoclave, allow the jars or tubes to cool to 50°-60° C., fasten the
caps or stoppers securely, and leave standing overnight in an inverted position. Discard leaky jars
or tubes.
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a capacity of 20~30 ml. About 1 gm. of feces should be added to this
solution. A paper or wooden spoon or swab should be provided, which,
after collection of feces, should be burned.

2. Urine: Urine specimens should be collected, preferably with a
catheter, but if the examination is undertaken promptly or the speci-
men is combined with an equal volume of buffered 30 per cent glycerol,
a voided specimen should be satisfactory.

3. Duodenal drainage: Outfits for the submission of duodenal drain-
age should provide a sterile, tightly stoppered or sealed glass container
with a capacity of 10-15 ml. Specimens should be examined promptly
after collection. Criteria of the suitability of duodenal drainage for
bacteriologic examination are given by Forsbeck and Hollon.*!

4. Clotted blood: Clotted blood specimens are recommended, since
they provide material for both cultural and serologic tests. A sterile,
tightly stoppered glass container with a capacity of 10-15 ml. should
be provided.

5. Gall-bladders: Special arrangements may be necessary for an ap-
propriate container when gall-bladders are submitted by mail. A gall-
bladder should not be placed in fixative until after the contents and a
portion of the wall have been removed for bacteriologic examination.
Unless cultural examination is undertaken promptly, the specimen
should be preserved by immersion in buffered 30 per cent glycerol solu-
tion.

Ill. CULTURE MEDIA AND REAGENTS

A. BactErIOLOGIC CULTURE MEDIA

The formulae for the preparation of culture media employed in these
procedures will be found in the section on Culture Media. Many of these
media can be obtained in dehydrated form.

For demonstration of acid production from single carbohydrates, any
sugar-free base, such as peptone solution (C. M. No. 1), extract broth
(C. M. No. 4), or agar (C. M. No. 4a) containing a satisfactory indica-
tor can be employed. An extract-broth base (C. M. No. 4) is recom-
mended for determination of gas production. These media should
always be tested before use by inoculating both with microdrganisms
that ferment the carbohydrates present and others that fail to do so.

Russell’s double-sugar agar (C. M. No. 18) and other media for
determining gas production should not be stored in a refrigerator where
they may absorb air.2?
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Appropriate tests should be made with each new lot of medium pre-
pared to insure its suitability.

B. TUrBIDITY STANDARDS

The turbidity of suspensions of bacillary incitants of enteric disease
should approximate that of barium sulfate standard No. 3 2* or Pyrex
glass standard No. 2.5."*  Turbidity can also be determined by means
of a silica standard or a photoelectric colorimeter. The Luximeter
reading of such a suspension is 74, and the Klett-Summerson 250.

C. StaINs

Directions for staining by Gram’s method are given on page 87. If
a flagella stain is desired, Gray's method 2* is recommended.

D. AGGLUTINATING SERA

The following sera should be available:

Salmonella typhosa for somatic and flagellar antigens

Salmonella H-d (for the flagellar antigen of Salmonella typhosa)

Salmonclla Vi (for the Vi antigen of Salmonella typhosa)

Multivalent Salmonella (one or more that will agglutinate all the common types of
this genus)

Multivalent Shigella paradysenteriae (one or more for the mannitol-fermenting
dysentery baci®i)

Shigella dvsenteriae

Shigella ambigua

Shigella sonnci

Shigella alkalescens

Sera for other species may also be helpful: non-mannitol-fermenting
Shigella,®® 26 Bacterium enterocoliticum ** 28 and other Gram-negative
bacilli that have not been named.?

1. Preparation

Agglutinating sera can usually be satisfactorily produced in rabbits
by any one of a number of methods.'

The H-d antigen of Salmonella typhosa can be demonstrated by
floccular agglutination in an unabsorbed serum produced with a motile
strain of this species. The reaction may be more clear-cut, however,
if the somatic or granular agglutinative properties are absorbed. The
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following procedure is recommended: Heat for 2 hours at 100° C. in
streaming steam, a suspension in salt solution* of a culture of Sal-
monella typhosa grown on infusion agar (C. M. No. 5a) for 20-24
hours. Suspend the growth from agar in a 1 liter Roux bottle, or its
equivalent, in 15-20 ml. of salt solution. Combine equal parts of the
heated suspension and a 1:5 dilution of serum, and incubate at 48°-
52° C. for 18-24 hours, shaking occasionally. Refrigerate for 18-48
hours and centrifuge. Decant the supernate and add 0.01 per cent
merthiolate. Filter through infusorial earth in a Biichner funnel and
through a filter candle. Test for sterility. This serum is satisfactory
if it agglutinates only Salmonella typhosa and other Salmonella possess-
ing the H-d antigen in a floccular manner.

Salmonella Vi agglutinating serum can be prepared by inoculating
rabbits with either a living or a formalin-treated suspension of a pure
Vi strain of Salmonella typhosa or another Salmonella with a strong Vi
antigen.® Do not filter or add preservative. This serum is satisfactory
only when a pure Vi strain of Salmonella typhosa is agglutinated in it
and a strain with no Vi antigen is not agglutinated. Should agglutina-
tive properties for the latter be present, absorb with a suspension of
this species that has been heated in streaming steam at 100° C. for 2
bours. Combine equal parts of the absorbing suspension and a 1:§
dilution of the serum. Incubate at 35°-37° C. for 2-6 hours, shaking
occasionally. Refrigerate for 18-48 hours. Centrifuge, decant the
supernate, and retest.

Multivalent Salmonella serum can be prepared by combining equal
parts of sera produced with Salmonella paratyphi, Salmonelle schott-
miilleri, Salmonella hirschfeldii, Salmonella enteritidis, Salmonella sp.
(Type London), and Salmonella sp. (Type Senftenberg).

Methods for the production of sera for differentiating Salmonella
other than Salmonella typhosa are given by Kauffmann3-¢ Kauffmann
and Edwards,” and Edwards and Bruner.?

Three or more multivalent sera may be necessary for identifying
Shigella paradysenteriae. These sera can be produced by inoculating
each rabbit with several types, or by immunizing with individual types
and combining the immune sera. The latter method yields lower titered
sera but seems preferable since portions of the individual sera can be
reserved for testing strains that react in a pool. Sera for the gas-
producing types—Shigella paradysenteriae (Type Newcastle) %81 and

* Throughout these methods, *‘ salt solution "' signifies 0.85 per cent sodlum chloride solution.
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Shigella paradysenteriae (type Manchester) 32 —should be available and
can be included in one of the pools.

Prepare Shigella sonmei serum with a combination of phase I and
phase I138 strains.

The growth of contaminating microdrganisms can be’ prevented by
combining sera with equal parts of glycerol of tested purity or by
adding 0.01 per cent merthiolate.

2. Standardization

Prepare a series of dilutions of 1:10 through 1:1,000 or higher. Test
with the strain or strains with which the serum was produced, using dilu-
tions of 1:10 through 1:50 or 1:100 in macroscopic slide-agglutination
tests and 1:100 through 1:1,000 or higher in tube tests. When the titer
with the homologous strain has been determined, test a series of dilu-
tions, including one or two greater than the titer, with freshly isolated
strains of the homologous species and representative strains of anti-
genically related species. Select for use in tests for identification (1) the
lowest dilution in which a specific reaction occurs in the macroscopic
slide test, and (2) two or three of the lowest dilutions in which specific
reactions occur in the tube test.

3. Tube agglutination test

Adjust the turbidity of all suspensions employed in tube agglutina-
tion tests as specified under Turbidity Standards (IIT B). Combine in
small tubes (10-11 mm. x 75-80 mm.) equal volumes (0.3-0.5 ml.) of
each serum dilution and broth culture or suspension in salt solution. For
purposes of control, combine the suspension being tested with salt
solution and with a low dilution of serum from a normal animal of the
same species as that in which the agglutinating serum was produced.
Also test the agglutinating serum with a strain of the homologous
species. Incubate the tests at from 48°-52° C. for 15-18 hours and
record the reactions. If no agglutination occurs, repeat the test in
duplicate; incubate one test at 48°-52° C. for 15-18 hours and the
other at 35°-37° C. for 2 hours followed by refrigeration overnight.

Read and record the reactions as follows:

Definite clumping with

Perfectly clear supernatant fluid................. ... ... 4+
Very slightly turbid supernatant fluid...................... 3+
Turbid supernatant fluid...................... ...l 2+
Slight or indefinite clumping............... ...l +

No clumping, uniform turbidity............................. -
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4. Macroscopic slide agglutination test

When slide agglutination tests are performed with only two or three
sera, emulsify with a needle or loop a small amount of growth from an
agar slant in a loopful of serum dilution on a glass slide. If tests are
to be performed with several sera, prepare a suspension in salt solution.
The growth from one agar slant in 0.3 ml. usually provides satisfactory
turbidity, but this may vary with different species or strains. Combine
one loopful of suspension with one loopful of serum dilution.

E. AGGLUTINATING SUSPENSIONS 3436
1. Formalin-treated suspension for demonstrating floccular agglutination

An actively motile, * smooth ” strain of Salmonella typhosa is essen-
tial. Motility can often be enhanced by growing the culture either in
broth or on agar at room temperature for a few days. Streak a plate
of beef-infusion agar (C. M. No. 5a) poured 24 hours previously. If,
after 18~24 hours’ incubation, other than perfectly smooth colonies are
noted, suspend two or three smooth colonies in small amounts of salt
solution or broth and replate immediately. Repeat this process until
an entirely smooth culture is obtained that is actively motile and is
agglutinated in a floccular manner in appropriate serum. Examine a
slide preparation stained by Gram’s method and determine the reaction
in double-sugar medium (C. M. No. 18). Use a suspension of an 18-24
hour beef-infusion agar culture to inoculate 2 per cent beef-infusion agar
(C. M. No. 5a) in Roux or other bottles that provide adequate surface.
If water of condensation is present on the agar, remove it with a pipette
before inoculation. After 18-24 hours’ incubation, pipette into each
Roux bottle, or its equivalent, 10 ml. of buffered salt solution* to
which 2 per cent of formalin has been added, and suspend the
growth in this. Make Gram-stained preparations and discard sus-
pensions that show the presence of contaminating microdrganisms. Pool
the suspensions in a sterile bottle, place in a refrigerator, and after 48
hours prepare subcultures. Hitchens's semifluid agar (C. M. No. 56)

* Buflered Sodium Chloride Solution.

Sodium chloride ...............cciiiiiiiie i, 6.8 gm.
.Sodium phosphate, Na,HPO, ..... P 2 gm,
Water to make .................. f s reer e, 1,000 ml,

a. Dissolve the ingredients and make up to yolume.
b. Check pH, which should be 8.4-8.6.
c. Filter through hard paper.
d. Dispense in bottles or flasks and sutoclave 30 minutes.
This solution, with the addition of 2 per cent formalin, is useful for suspending organisms to be
used as *“ H ” antigens in agglutination tests,
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is recommended for this purpose, since it provides conditions favorable
to both aerobic and anaerobic microdrganisms. Should growth of Sal-
monella typhosa occur, retest, after additional refrigeration, until no
evidence of viability is obtained. If considerable material settles out,
decant the supernatant suspension and discard the sediment. Adjust
the suspension to a turbidity 10 times that of barium sulfate standard
No. 3 or its equivalent and a formalin content of 2 per cent. Determine
the turbidity by comparison of diluted portions with the standard and
with a similar suspension previously standardized. Calculate the re-
quired amount of diluent as in the following example:

Assuming that 400 ml. of concentrated suspension are to be adjusted
and it is found that this needs to be diluted 1:12 to equal the standard,
then ‘-‘@‘?‘()“' == 480 ml., the volume of adjusted suspension, or 80 ml. of
buffered formalinized salt solution are required to be added to the
400 ml. of the original suspension.

For agglutination tests, combine 1 part of concentrated suspension
with 9 parts of salt solution, thus obtaining a suspension equivalent in
turbidity to the standard and containing 0.2 per cent formalin.

Test the agglutinability of the suspension in comparison with a pre-
vious lot that has proved satisfactory, using, if possible, a series of
human sera giving various degrees of agglutination as well as agglu-
tinating sera produced in animals. Store in a refrigerator.

The technic of agglutination tests has been described under Agglu-
tinating Sera (111, D).

2. Alcohol-treated suspension for demonstrating granular agglutination

An entirely “smooth ” strain of Salmonella typhosa should be em-
ployed. Follow the procedure outlined for the formalin-treated sus-
pension to insure smoothness and purity of the culture and inoculate 2
per cent infusion agar (C. M. No. 5a) in Roux or other bottles. After
18-24 hours’ incubation, pipette into each Roux bottle, or its equivalent,
10 ml. of salt solution containing 0.5 per cent phenol and suspend the
growth. Make Gram-stained preparations and discard suspensions that
show the presence of contaminating microorganisms. Measure the sus-
pension and pool it in an Erlenmeyer flask. Add SO per cent by volume
of absolute alcohol or 54 per cent of 95 per cent alcohol.

Rotate the flask slowly as the alcohol is added or stir with a sterile
glass rod. Pour the alcohol-treated suspension into sterile cylinders
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and incubate overnight at 35°-37° C. The following morning, decant
the supernatant suspension into a sterile bottle and discard the sedi-
ment. Mix thoroughly and prepare subcultures to determine the
presence of contaminating microdrganisms. Hitchens’s medium (C. M.
No. 56) is recommended since it provides both aerobic and anaerobic
conditions. :

Adjust the turbidity of the suspension to 10 times that of barium
sulfate standard No. 3, or its equivalent, and its alcohol content to
approximately 30 per cent. The diluent consists of salt solution con-
taining 0.5 per cent phenol combined with 50 per cent of its volume of
absolute alcohol or 54 per cent of 95 per cent alcohol.

For agglutination tests, combine 1 part of the concentrated suspen-
sion with 9 parts of salt solution, to obtain a suspension equivalent in
turbidity to the standard and containing approximately 3 per cent
alcohol and 0.05 per cent phenol.

Test the agglutinability of the suspension in comparison with a pre-
vious lot that has proved satisfactory, using, if possible, a series of
human sera giving various degrees of agglutination, as well as agglu-
tinating sera produced in animals. It may be desirable to test the
sera at the same time with a living suspension of a freshly isolated
strain of Salmonella typhosa. Store in a refrigerator.

3. Living suspension for demonstrating Vi agglutination 3’

Maintain a pure Vi strain of Salmonella typhosa on inspissated egg
medium (C. M. No. 54). Inoculate this medium with a single stroke
of the needle from the base to the top of the slant. Incubate for 15-18
hours at 35°-37° C., seal, and store immediately in a refrigerator. Make
a number of transplants at 6 month intervals, and discard those made
previously. One egg medium slant will suffice for subcultures on beef-
infusion agar on several different days. After 18-20 hours’ incubation
at 35°-37° C,, suspend the growth from the agar slant in salt solution
and adjust the turbidity as outlined under “ Turbidity Standards.”
Prepare living suspension each day that tests are performed and keep
in a refrigerator if not used immediately. The Vi antigen is apparently
altered fairly soon if kept at room temperature. Pure Vi strains of
Salmonella typhosa should also be stored in a dry state 3 so that they

will be available in case the cultures on egg medium become unsatis-
factory. ‘
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IV. EXAMINATION OF SPEC!MENS
A. BACTERIOLOGIC EXAMINATIONS

The type of specimen and the clinical and epidemiologic data must
be considered in the choice of procedures for the isolation of bacillary
incitants of enteric disease.

1. Fluid enrichment media

Many selective and enrichment fluid media have been recommended
to aid in the isolation of typhoid bacilli and other Salmonella. Of these,
peptone-tetrathionate enrichment broth (C. M. No. 28) and bile-
glycerol-peptone broth (C. M. No. 27) are among the most valuable.
Blood clots are partially dissolved in the latter. Either may be employed
for unclotted blood, urine, duodenal contents, and gall-bladders or their
contents. Peptone-tetrathionate broth increases materially the per-
centage of isolations of Salmonclla from feces.

2. Plating media

Employ at least 4 plates for each fecal specimen and, unless a diag-
nosis has been established, at least 2 plating media, one of which
facilitates the isolation of dysentery bacilli. For purposes of release
or determination of carriers, choose media that favor the isolation of
the species sought. Usually only one or two plates are necessary for
plating urine, blood, duodenal drainage, and gall-bladders and their
contents, either before or after enrichment.

Bismuth sulfite agar (C. M. No. 23) markedly inhibits most strains
of the coliform group and is favorable to the development of nearly all
strains of Salmonella. Bile-salts-citrate agar (C. M. No. 25) and
desoxycholate-citrate agar (C. M. No. 24a or C. M. No. 24b) also
inhibit the coliform group and are particularly helpful in the isolation
of Salmonella and dysentery bacilli. The use of a differential but non-
inhibitive medium, such as Endo’s agar (C. M. No. 22) is also recom-
mended.

3. Colonial characters

On bismuth sulfite agar (C. M. No. 23) well isolated colonies of
Salmonella typhosa are usually flat and black, surrounded by a charac-
teristic dark halo, which imparts a metallic cast to the medium in
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reflected light. Colonies of the other Salmonella are generally convex
and larger than those of Salmonella typhosa. Occasional strains of
either are entirely inhibited; others may develop only after 36-48
hours’ incubation, or produce colorless or green colonies. If the medium
is too heavily seeded, the colonies may not be typical.

Colonies of dysentery bacilli and Salmonella are translucent and
usually colorless or a delicate pink on Endo’s agar (C. M. No. 22),
bile-salts-citrate agar (C. M. No. 25) and desoxycholate-citrate agar
(C. M. No. 24a or C. M. No. 24b). Those of the coliform species are
opaque, from pink to deep red, usually with a metallic sheen on Endo’s
agar.

4. Testing plating media

When new lots of dyes are employed in media or a new lot of de-
hydrated medium is obtained, a series of plates should be inoculated
with representative strains of bacillary incitants of enteric disease
preferably recently isolated, and, if possible, with specimens known to
contain these microdrganisms. The media should also be tested with
representative strains whenever they are inoculated with specimens.

5. Examination of feces

If a fecal specimen is satisfactorily diluted with buffered 30 per cent
glycerol solution when received, plate directly and pipette approximately
4 ml. into 12 ml. of peptone-tetrathionate broth (C.M. No. 28) to
which 0.3 ml. of aqueous iodine solution has been added immediately
preceding use. If undiluted, suspend 3-5 gm. in tetrathionate broth
and approximately 1 gm. in 8-10 ml. of buffered 30 per cent glycerol
solution. After the coarse particles have settled, streak the latter on
plates. Incubate the tetrathionate broth for 18-20 hours before plating.
a. Streaked plates—Using a loop approximately 5 x 12 mm. bent at
an angle of 30° or 40°, transfer 2 to 4 loopfuls from the top layer of
the suspension in glycerol solution to each plate of bismuth sulfite
(C. M. No. 23) bile-salts-citrate (C. M. No. 25) and desoxycholate
citrate (C. M. No. 24a or C. M. No. 24b) medium and ! loopful to
Endo’s agar (C. M. No. 22). The best distribution of colonies is
usually .obtained by drawing the bent loop through the inoculum and
streaking the plates in parallel rows 2 or 3 mm. apart.

After tetrathionate broth inoculated with feces has been incubated
for 18-20 hours, streak 1 or 2 loopfuls (5 x 12 mm.) on one plate of
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bismuth sulfite agar (C. M. No. 23) and one of bile-salts-citrate agar
(C. M. No. 25).

b. Poured plates—If poured plates of bismuth sulfite agar are em-
ployed, inoculate at least 2 with each specimen. First dilute the speci-
men by combining 1 part of the suspension in glycerol solution with
from 1 to 4 parts of broth (C. M. No. 4) depending upon the con-
sistency of the specimen. The coarse particles of feces can be con-
veniently removed by drawing the suspension into a pipette or Asepto
syringe (Becton, Dickinson & Co., Rutherford, N. J.), the tip of which
has been wound with nonabsorbent cotton before sterilization. Use
a rubber bulb for drawing the specimen into the pipette or syringe.
Place from 2 to 4 drops in one Petri dish and from 1 to 3 ml. in a
second. Add at least 20 ml. of melted bismuth sulfite agar that has
been cooled to approximately 45° C. and mix by tilting and rotating
the plate. When very large numbers of Salmonella typhosa are present,
visible colonies may not develop on the plate inoculated with the larger
amount.

Poured plates of bismuth sulfite agar may also be made from the

tetrathionate broth inoculated with feces.
c. Fishing colonies—Examine the plates with a microscope or hand lens
after 18-24 hours’ incubation. Reincubate bismuth sulfite, bile-salts-
citrate, and desoxycholate citrate agar plates so that they will be
available for reéxamination if necessary. Inoculate double-sugar medium
(C. M. No. 18) or a satisfactory modification 3% 4° from colonies char-
acteristic of those of bacilli inciting enteric disease. Stab the butt to
the bottom of the tube and streak the surface of the slant. Record the
reactions after 18-24 hours’ incubation.*!: 42

The reactions in double-sugar medium provide a means of differ-
entiating the microdrganisms at present recognized as incitants of
enteric disease from those of the coliform group, although some non-
pathogenic species may ferment lactose slowly or not at all and hence
fail to produce acid in the slant of the agar. On the other hand, very
rarely strains of typhoid and dysentery bacilli may give an acid reaction
in the slant as well as the butt.

If a medium to demonstrate the production of H.S ¥ % is employed,
it should be kept in mind that this property is not entirely reliable.
d. Study of morphology—Prepare films from the growth on the double-
sugar medium or, if slide agglutination tests are performed, allow these
preparations to dry; fix them and stain by Gram’s method. All the
bacillary incitants of enteric disease are relatively small, evenly staining
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Gram-negative bacilli without spores. Examine a hanging drop of a
1-3 hour broth culture for motility. If none is observed and other
properties are those of Salmonella, reéxamine after maintenance at room
temperature. Motility can also be demonstrated by dispersion of growth
in semisolid agar (0.3 to 0.4 per cent). A flagella stain may be helpful;
Gray’s 2 method is recommended.

e. Macroscopic slide agglutination test—Perform a macroscopic slide
agglutination test in specific dilutions of appropriate sera (see “Agglu-
tinating Sera ”’) with the growth from a colony on the plating medium
or from double-sugar agar. A report should not be based on the results
of this test unless the species indicated has been isolated from a pre-
vious specimen from the same patient or other patients involved in the
outbreak.

f. Macroscopic tube agglutination test—Perform macroscopic tube
agglutination tests with broth cultures or suspensions in salt solution
and specific dilutions of appropriate agglutinating sera (see “ Agglu-
tinating Sera”). Maintenance at room temperature enhances the
agglutinability as well as the motility of some strains.

If the patient’s serum is available, tests for agglutinative properties
for the microdrganisms isolated may often be of value, especially when
the properties of the latter are not perfectly typical of a species that
is of diagnostic significance.

g. Fermentative properties—Record at frequent intervals for 3 weeks
the reactions in milk (C. M. No. 16) and in media containing single
carbohydrates and an indicator (C. M. No. 1 or C. M. No. 4). Test
for gas production by inoculating extract broth containing the desired
carbohydrate in fermentation tubes (C. M. No. 4). If gas production
is demonstrated in double-sugar medium (C. M. No. 18) or a satis-
factory modification,3® %" no further tests for this property are neces-
sary. If this is questionable, however, inoculate glucose broth in a
fermentation tube. Tests for gas production from other carbohydrates
are seldom necessary. Anaerogenic strains of Salmonella other than
Salmonella typhosa are found more frequently than is generally ap-
preciated.

h. Indole production—Test for indole by adding 0.5 ml. of Kovac’s
reagent * to 4 day cultures in peptone broth (C. M. No. 2). As a con-

* Indol Test, Kovacs’s Reagent for

Para-dimethylaminobenzaldehyde ................................. 5 gm.
Amyl or butyl alcobol ........ ...t 75 ml.
Concentrated HCl 1.uiv.ooiineineiiniinionniinnnenennenes 25 ml.

a. Mix the alcohol and :M}dﬂ and heat in a water bath or incubator at 50°-60° C. until the

aldehyde is dissolved.

b. When cool, add the hydrochleric acid slowly.

c. Store in the dark in s brown bottle with a glass or rubber stopper.
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trol, always incubate and test at the same time one tube of uninoculated
medium, one inoculated with Escherichia coli, and one with Salmonella
typhosa.

i. Gelatin liguefaction—To test for gelatinolytic activity, inoculate beef-
extract gelatin (C. M. No. 15) and incubate at 35°-37°'C. Determine
liquefaction by placing the cultures in the refrigerator until a tube of
the uninoculated medium is solidified. Incubate for 2 weeks unless
liquefaction is demonstrated earlier.

j- Urea decomposition *>—Inoculate the surface of a slant of urea agar
(C. M. No. 31) and incubate. Decomposition of urea is indicated by
a change in the color of the medium from yellow to violet-red that is
usually apparent within a few hours. Some strains produce urease
very slowly, however, and the failure to obtain the characteristic color
change should not be considered final until the cultures have been
incubated for 4 days. The majority of Proteus species decompose urea
very rapidly, but some proteolytic microorganisms that have other
properties of this genus apparently do not produce urease. Proteus
morganii gives a delayed reaction. Bacterium enterocoliticum is the
only one of the pathogenic species included in Table 1 that has thus
far been found to decompose urea.

k. Reporting results—The criteria for identification of species are sum-
marized in Table 1. Unless the identity of the incitant has been estab-
lished previously, a complete study is necessary before reporting the
species. Under certain circumstances it may be advisable to send a
preliminary report on the tentative identification of the microdrganism
and state that a supplementary report will follow.

Report the isolation of Salmonella typhosa when the morphology and
fermentative properties are typical of this species and agglutination
(macroscopic tube method) occurs in Salmonella H-d serum as well as
in either multivalent Salmonella or Salmonella typhosa serum. TUnless
all these tests are performed, anaerogenic strains of other Salmonella
may be mistaken for typhoid bacilli. Freshly isolated strains may be
inagglutinable because of the Vi antigen. Such strains may be tested
with Vi agglutinating serum. They usually become agglutinable after
being incubated at room temperature for a few days.

Report the isolation of Salmonella other than Salmonella typhosa
only when agglutination in multivalent Salmonella serum as well as
biochemical properties indicate a member of this genus. For informa-
tion regarding the differentiation of types of Salmonella consult Kauff-
mann,*-® Kauffmann and Edwards,” and Edwards and Bruner.®
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The identification of dysentery bacilli should be based on a study of
biochemical properties as well as agglutination in known sera. Shigella
alkalescens is antigenically related to some types of Shigella para-
dysenterige and may be mistaken for the latter if the biochemical prop-
erties are not studied.

The species designated as Bacterium enterocoliticum has been in-
cluded in Table 1 because it has many properties in common with
recognized bacillary incitants of enteric disease and has been shown to
be an incitant of enterocolitis.?”»2® The fact that this species hydro-
lyzes urea and ferments lactose and sucrose should be kept in mind.
It is extremely pathogenic for mice when freshly isolated, but loses
this property quickly when grown on culture media.

Until the status of Skigella alkalescens and Proteus morganii has been
established, it would seem advisable to report their isolation and add
that their diagnostic significance is questionable.

When a microdrganism is isolated that cannot be readily or definitely
identified, it is usually desirable to suggest that further specimens be
sent for bacteriologic study, as well as blood for serologic tests.

6. Examination of blood

When clotted blood is received, the clot can be added to 8-10 ml. of
bile-glycerol-peptone solution (C. M. No. 27), or it can be com-
minuted by forcing through a 10 or 20 ml. sterile syringe ** into semi-
fluid agar (C. M. No. 56), peptone-tetrathionate broth (C. M. No.
28), or other satisfactory medium.

In case the blood is submitted in a buffered 30 per cent glycerol solu-
tion * or contains an anticoagulant, add 5-10 ml. to bile-glycerol-
peptone solution (C. M. No. 27), semifluid agar (C. M. No. 56), or
other satisfactory enrichment medium. After 44—48 hours’ incubation,
streak one plate each of bismuth sulfite agar (C. M. No. 23) and
another plating medium such as blood agar (C. M. No. 33). If no
growth is obtained, reéxamine after 4 days’ additional incubation. Con-
tinue with the procedure as outlined for feces. If microdrganisms of
possible significance other than bacillary incitants of enteric disease
are isolated, attempt their identification.

7. Examination of urine and duodenal drainage

Streak plates as directed for feces, using one or two loopfuls on
bismuth sulfite agar and one of the other plating media. Transfer 2
or 3 ml. to bile-glycerol-peptone solution or peptone-tetrathionate broth.

* See Footnote p. 215.
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After 15-18 hours’ incubation, streak the fluid medium on bis-
muth sulfite agar, and, unless contraindicated by the examination of
the plates streaked directly with the specimen, on one of the other
plating media. The presence of large numbers of contaminating micro-
organisms may render the results of the examination of questionable
significance. Continue with the procedures as outlined for feces.

8. Examination of gall-bladders and their contents

Open the gall-bladder with sterile instruments. Remove the bile
with a pipette or a syringe and needle. Examine the bile as outlined
for urine and duodenal drainage. Macerate a small portion of the gall-
bladder wall in salt solution, and place the remainder in a suitable
fixative for histologic study. Examine slide preparations of the bile
and gall-bladder stained by Gram’s method. Streak bismuth sulfite
agar and one other plating medium and inoculate broth and bile-
glycerol-peptone or peptone-tetrathionate broth. Plate the fluid cul-
tures on bismuth sulfite agar and one other plating medium after 18-24
hours’ incubation, unless contraindicated by examination of the plates
streaked directly with the specimen.

Wash gallstones, first in 70 per cent alcohol and then in salt solution,
and crush them in a mortar in a small amount of salt solution. Follow
the procedures outlined for the examination of bile and the gall-bladder
wall.

When microdrganisms other than typhoid bacilli or Salmonelia are
found, attempt their isolation and identification. The presence of con-
taminating microdrganisms may render the results of the examination
of questionable significance.

B. SErROLOGIC EXAMINATIONS 12 33, 36

Blood should be considered unsuitable for agglutination tests when
an anticoagulant has been added or the serum is chylous or markedly
hemolyzed. Hemolysis may be due to exposure to extreme heat or
cold, or the growth of microdrganisms, any one of which might alter
the agglutinative properties. Serum is unsatisfactory unless conditions
under which it is submitted preclude the possibility of subjection to
conditions that might affect the agglutinative properties.

1. Test for floccular and granular agglutinative properties

Follow the general directions outlined under ‘ Agglutinating Sera,”
for performing the tests and recording the reactions. Remove the serum
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from the clot with an Asepto syringe or pipette alfd prepare dnlutxo.ns
of 1:10, 1:20, 1:40, 1:80, 1:160, and higher if desired. To one. sen’(’:s
of dilutions, add a formalin-treated (see “ Agglutinating Suspensions ")
or other suspension of Salmonella typhosa that has been .shov.vn to be
satisfactory to demonstrate the floccular type of agglum?atnon; and
to a second series add an alcohol-treated (see “ Agglutinating Suspen-
sions ”’) or other suspension of Salmonella typhosa suitable for dfemon-
strating the granular type of agglutination. If considered advnsszle,
tests may also be performed with actively motile, living cultures in 3
per cent peptone-bile solution.* For purposes of control,.test eatfh
suspension in serum known to possess agglutinative properties and in
normal animal or human serum. Shake the tubes to insure thorough
mixing and incubate at 48°-52° C. for 15-18 hours. . .

A tentative report may be made when reactions are obtained in tests
incubated for 15 minutes and centrifuged for 10 minutes at approxi-
mately 2,000 r.p.m. This can be considered only a presumptive test
and a report of the findings by the method recommended should follow.
Centrifuging tests after incubation for 15-18 hours may demonstrate
agglutination where it was not apparent before. When this occurs,
the test should be repeated and another specimen requested.

Report the highest dilution in which definite granular or floccular
agglutination occurs.

When agglutination is obtained in dilutions no higher than 1:40,
report the reaction  partial ” and of questionable significance.

An explanation of the significance of the reactions may be helpful to
the physician. This may be printed on the report form or on a separate
sheet to be enclosed with the report. Unless vaccine has been adminis-
tered very recently, both granular (somatic) and floccular (flagellar)
agglutination of typhoid bacilli in a 1:80 or higher dilution are seldom
observed in sera other than those from patients having typhoid fever.
Floccular agglutination in a 1:80 dilution or higher with little or none
of the granular type occurs rarely with sera from typhoid fever patients.
This type of reaction is usually obtained with specimens from typhoid

* Bile-Peptone Solution.

Peptone ..........iiiii e 10 gm.
Ox-bile, dehydrated ...................ccooiuiniiiniiin, S gm
(or fresh ox-bile ...............ccoiivinuinvnnninn. 30 gm.)

Water, t0 make ................ ..ol 1 kg.

a. Combine the peptone and bile; add the water.

b. Boil the mixture vigorously for 3 to S minutes and dispense in bottles or flasks.

c. Place in a refrigerator overnight and filter through hard paper until clear.

d. Dispense in flasks or bottles, autoclave, and store in a ref igerator.

e. When required for use, filter through hard filter paper until clear, dispense, ana autoclave.
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carriers or from persons who have received typhoid vaccine. Sometimes
such a reaction is found in the serum of an individual who has had
typhoid fever in the past, although no evidence of a carrier condition
can be demonstrated. Granular agglutination in a 1:80 or higher dilu-
tion, with little or none of the floccular type, has been observed in
sera from typhoid fever patients, but this type of reaction most com-
monly occurs in infections with microdrganisms antigenically related
to Salmonella typhosa. Unless the blood is collected soon after onset,
only a very small percentage of sera from typhoid fever patients fails
to react in dilutions of diagnostic significance.

2. Test for Vi agglutinative properties 1 37

Employ a living suspension (see “ Agglutinating Suspensions”) of
a pure Vi strain of Salmonella typhosa. Prepare serum dilutions of
1:5, 1:10, 1:20, 1:40, and higher if desired and combine with the
bacterial suspension as directed under *“ Agglutinating Sera.” For pur-
poses of control, combine the suspension with (1) salt solution, (2)
known Vi serum, and (3) typhoid serum containing floccular and
granular (““O”), but no Vi agglutinative properties. Incubate the tests
for 2 hours at 35°-37° C. and then leave in a refrigerator overnight.
Record the reactions before and after centrifuging for 10 minutes at
approximately 2,000 r.p.m. After centrifugation, read all reactions
after shaking. Comparison with the tests included for purposes of
control is very important. Record as follows:

Definite complete clumping in perfectly clear fluid........... 44+
Definite clumping in clear or nearly clear fluid.............. 3+
Definite clumping in slightly turbid fluid...................... 24
Slight or indefinite clumping in turbid fluid...... ............. +

No clumping, uniform turbidity....................... ... -

Perform tests for Vi agglutination at least twice, preferably with
not less than 3 or 4 days intervening.

Reports on the results of tests for Vi agglutination should always be
accompanied by an explanation of the limitations of this examination.
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