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CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW

1.0 INTRODUCTTON

Di~cases atfecting the cornea are a major cause of blindness worldwide. next to

cataract in overall importance (Thyletors er al 1995). The prevalence of corneal
. <

discises varies from country to country and from one population to another. The

epidemiology of corneal blindness is complicated and encompasses a wide variety of
infectious  and inflammatory - cye discases that cause corneal scarring.  which

ultimately  leads o functional blindness. Of all the indications of corneal

transplantations in India. infectious keratitis and its complications rank the highest

(26.8%0). which is probably underreporting owing to the diagnostic difficulties

volved (Dandona ¢f al 1997). Comprehensive studies addressing various aspects of

fectious keratitis such as epidemiology. ctiology and pathogenesis are lacking from
India. Though reports of specific ctiologic agents like fungus and bacteria in

infectious keratitis are available for years in India. the fact that Acanthamoeba. a

protozoan. is responsible for causation of infectious keratitis is a relatively recent

development.

The aim of this thesis was 0 document epidemiological features and risk factors of

{canthamoeba keralitis (AK). It also aimed at evaluating clinical features and

conventional microbiological techniques for diagnosis of AK and also developing an

assay that is sensitive and aids rapid and easy detection of Acanthamoebad in clinical

specimens.  We also. attempted to gain insight into pathogenesis of AK and

taxonomic position of Acanthamoeba isolates from keratitis patients in India. A



review of hiterature of the type and nature 1s given to provide rationale for the aims of

this thesis.

1.1 ACANTHAMOEBA: THE ORGANISM

Rosel Von Rosenhof first described free-living amocebace in 1755 (Rosel von Rosenhol
1733 and later Dujardin (1841) found numerous limax amocbae (the term “limax™
was used for small amoebae with sluggish movement) from water samples collected
from the river Seine in France. In the carly 1900s. accurate descriptions of so called

limax or sluglike. amocbace were made by Vahlkampt (1903). Naceler (1909).

Hartmann (1910) and other rescarchers. Acanthamocba was first isolated and

described in 1913 and it was not considered to have pathogenic potential (Puschkarew

1913). In 1930. Castellanii discovered that Acanthamocha could grow in bacterial and
fungal cultures and this observation led to methods for culturing free-living amocbac
(Castellanii 1930). Douglas placed this amocba in the genus Hartmanella and named

it Hartmannella castellanii in 1930 (Douglas 1930) and later Volkonsky created the

genus Acanthamoeba n 1931 (Volkonsky 1931). In 1961. Culbertson demonstrated

that Acanthamoeba were pathogenic since they produced cytopathic effect (CPE) in

cultures of monkey kidney cells (Culbertson er al 1958; 1959).

Acanthamoeba has been classified as (Corliss 1998):

Kingdom : Protista
Subkingdom : Protozoa

Phylum : Sacromastigophora
Subphylum Sarcodina
Superclass  : Rhizopoda

Class : Lobosea

Subclass : Gymnamoebia
Order : Amoebida
Suborder : Acanthopodina
Family : Acanthoamoebidae
Genus  Acanthamoeba

U sichorsianddings Acamthapiocha herataes gy incee L Mcrobiologr, al Collidan cmdd Moiocn e

Ao crcacd
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1.1.1  Morphology and life cycle

[ he lite eyele of Acanthamoebha comprises of two distinet stages. an actively feeding.
dividing trophozoite (Figure 1) and a dormant cyst (Figure 1.2). The trophozoites
vary in size depending on the species between 25-40um in length (Armstrong 2000).
They are irregular ir shape. uninucleate (Jones 1986). flat. acrobic and sluggishly
motile (Armstrong 2000). Motility is polydirectional (Visvesvara 1991) and during
the movement of trophozoites. a hyaline pseudopodium: slowly extends from the

amocha and when moving on a surface. small processes called filopodia extend

between the amocba and the surface that play a role in mobility (Illingworth ¢r «of

1998). Also. many thin processes called acanthopodia (Figure 1.1B) project from the

bodv and their purpose is not clearly understood (Hlingworth ¢r «/ 1998). It has a

central cytoplasmic contractile vacuole. the function of which is to expel water

(Hlingworth ¢f al 1998). The trophozoites phagocytose food and any other small

particles into cywplasmic vacuoles. which was demonstrated experimentally using

latex beads (Armstrong 2000). Cell division is by mitosis. during which the nuclear

membrane. nucleolus and nucleus disappear. The nucleus is characterized by a large

central nucleolus and nuclear membrane without chromatin granules. These features

enable differentiation of members of the genus Acanthamoeba from those of the

genus  Entamoeba such as Ehistolvtica, on histological examination.  Other

intracellular features of the genus Acanthamoeba include mitochondria, cytoplasmic

fat globules, centriole like bodies and distinctive water regulatory. contractile

vacuoles (Armstrong 2000).
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A = viewed under phase contrast B = viewed under electron microscope

L microscope

Figure 1. I: Acanthamoeba trophozoites
Courtesy Dr M Nagata (http://protist.i.hoser.ac.jp)

A = Graphic n,_,p,.e_.;g”m:ian of cyst B = viewed under electron microscope

Figure 1.2: Acanthamoeba cyst
Courtesy Dr M Nagata (http://protist.i. hosei.ac.jp)

Undersianding Acantlamocha Kevatitis i ndia: A Microbiological, Cellular and Moleculal
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Depletion of the food source and other adverse conditions such as desiceation.
extreme heat. extreme cold and assault by antimicrobials and chemicals. result in
ency stment (Armstrong 2000). Cystis double walled. 10-25um in size (Figure 1.2A).
with a wrinkled outer wall (exocyst) and a stellate polygonal inner wall (endocyst).
[he evst wall consists ol polysaccharide. one third of which is cellulose CArmstrong
2000).  The two walls meet at several places giving it a polygonal appearance and
pores or ostioles (Figure 1.2 and 1.2B) are evident at the junction of the walls. Each
pore is closed by a plug called as the operculum (Visvesvara 1991). which is made up
of mucopolysaccharide and 1s a target for acanthamocbicides.  The purpose of the
ostiole is to maintain communication with the outside environment (Armstrong 2000).
The cvst is resistant 1o freczing. desiccation. standard chlorination of water supplics
and a variety of antimicrobial agents (Jones 1986). It can also survive exposure to
temperatures between -20"C and + 42°C. sodium chloride concentration of 0.85%
and a pH T " 3.9-9. 2000). Cysts may remain
(Auran ef ol 1987) ard a pH range of 3.9-9.75 (Armstrong y \
cars until it is exposed to a food source. when it again assumes the

viable for many y

soite for is not known or understood how the cyst recognizes a renewed
trophozoite form. It 1s

food ree. although 1t readily excysts in the presence of both liquids nutrients and
ood source. ¢

bacteria.

Cells typically are uninucleate. but nuclear division is relatively easily uncoupled
from the cytoplasmic division e.g.. by growth in suspension cultures, in which
multinucleated cells are often found. Nuclei also can undergo amitotic divisions that
result in nonviable progeny. Most typical duration of the total cell cycle ranges from

~ 6-12 hours (Byers ef al 1991). Acanthamoeba can be transmitted by insect vectors

i / /7 . ; P
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mcluding cochroaches and fhes (Auran er al 1987, Acanthamocha are carriers of
< <« .

mtracellular bacteria. especially - Legionella species. which have the abiliy 0

reproduce within the trophozoites. It has been proposed  that this may be ol

importance in the persistence and spread of these organisms in the environment

(Iingworth 7 al 1998).

1.1.2  Ecology and distribution

o d

Acanthamoeba (Acanth = spinceor thorn) are free-living amocbac. They are

ubiquitous throughout the world and are among the most prevalent protozoa found in

the environment. (Mergeryan 1991: Rodriguez-Zaragoza 1994). They have been

isolated from soil. dust. air. natural and treated water. scawater. swimming pools.

sewage. air-conditioning units. domestic tap water. drinking water treatment plants.

bottled water. c_vcwash stations. contact lenses and their cases and as contaminants in

bacterial. veast and mammalian cell cultures (Castellani 1930: De Jonckheere 1991:

Jahnes ef af 1957: Kingston and Warhurst 1969: Rivera e al 1987:Mergeryan 1991

Michel e al 2001: Paszko-Kolva et al 1991). Acanthumoeba spp. have been isolated

from vegetation. animals including fish. amphibia. reptiles and mammals (Dykova ef

ul 1999: Sesma 1988: Sesma el al. 1989: Walochnik er «/ 1999). from the nasal

mucosa and throats of apparently healthy humans (Cerva er a/ 1973; Newsome et al

1992). trom infected brain and lung tissue, from skin lesions of immunosuppressed

patients and from corneal tissue of patients with AK (Lalitha er «/ 1985: De

Jonckheere et ul 1991; Martinez and Visvesvara 1997). Thus. dcanthamoeba is

inhabitant of two different niches: as phagotrophs in aquatic habitats where they feed

on bacteria and as opportuniSts where they infect the eye and the central nervous

system (Armstrong 2000). Acanthamoeba is also described as amphizoic (Gr. Amphi

[ oidoos stcmcdinn Acomthcnoehon bt i Fovine 1 Vo rodbucdown o C oo apd Ve Y

fpopeoru £
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on both sides) 1e.. the ability of amoceba to exist both as free-living organisms and

cndoparasites (Armstrong 2000).

1.1.3 Infections caused by Acanthamoeba
Jcanthamoeba infections in humans are infrequent despite their ubiquitous presence
in the environment (Auran ¢f al 1987). The two main populations at risk from

Acanthamoceha infections are at the two extremes of health. At one end of the

spectrum there is normal healthy contact lens wearer or an individual with mild

trauma to the cornea and at the other end is malnourished or immunosuppressed

paticnt (Armstrong 2000). Acanthamoeba keratitis (AK) is result of an accidental

trauma to the corneas however. most cases are associated with contact lens wear.

Granulomatous amocbic encephalitis (GAE) is a rare but fatal infection usually seen

in AIDS paticnts. Itis expected that with the rise in contact lens wear together with

the cscalating spread of AIDS. the incidence of Acanthamoeba infections will

: : -
continue to Increase (Armstrong 2000).

1.1.3.1 Non-ocular infections

GAE is a sub-acute infection, which generally. but not always, occurs in debilitated or

immuno-compromised individuals (Auran ¢t al 1987). GAE is characterized by a

chronic protracted slowly progressive CNS (Central nervous system) infection (Duma

et al 1978). A canthamoeba is found in the CNS in both trophozoite and cyst form and

characteristically produces nectorizing granulomata with multinucleated giant cells.

accompanied by a panarteritis with amoebic invasion of the vessel wall (Auran el al

1987). Focal neurological defects progress over days or weeks resulting in diffuse

meningoencephalitis (Figure 1.3A) and death (Armstrong 2000).

Poagdeistodige doomntbaoct o Koot i Sodr 4 N obaotoancod ol e Vi

bpapor vcic 44
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A: Brain tissue (autopsy) in GAE

C: Ring shaped corneal infiltrate in AK

Figure 1.3: Infections caused by Acanthamoeba
A and B: Courtesy Dr W Keith Hadley ( http./flabmed.ucsp.edu)
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First case ol Acanthamochba infection in AIDS patients was reported in 1986
(Gonzales o al 1986). since then increasing number of cases o disseminated
Acanthamoeba infection have been reported in individuals with AIDS (Marciano-
Cabral and Cabral 2003). Most of these infections are diagnosed postmortem. It has
been postulated  that impairment of the host detense mechanisms in - immuno-
compromised individuals results or contributes to the infection which can spread from

the primary site of infection to other organs and tissues (Marciano-Cabral and Cabral

2003). Intections in AIDS patients include GAL (Gardner er ol 1991). chronic

sinusitis (Kim er al 2000a) and cutancous lesion with Acanthamoceba present in sinus
lesions and skin ulcer (Bonilla ¢r al 1999). These skin lesions (Figure 1.3B) are most

often the presenting manifestation of Acanthamoeba infection in AIDS patients and

nasal passage 1s thought to be the portal of entry (Marciano-Cabral and Cabral 2003).

1.1.3.2 Ocular infections

Keratitis is the most common ocular infection caused by Acanthamoeba (Auran et al

1987: Figure 1.3C)). It is a sight threatening discase and is characterized by

prolonged morbidity and significant loss of visual acuity for up to 15% of patients

(Duguid ¢r «l 1997: Radford ef al 1998). Infection of the eye without corneal

‘nvolvement is extremely rare, although optic neuritis and macular disease (Schlaegel

and Culbertson, 1972), uveitis (Jones er al 1975), chorioretinitis (Johns et al 1988)

and endophthalmitis (Heffler e/ al 1996) have been reported in the literature.
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1.2 ACANTHAMOFEBA KERATITIS
1.2.1 Corneal inflammation

Cornea is the transparent anterior portion of the fibrous coat of the eve (Figure 1.4)
consisting of five Jayers: stratified squamous cpithelium. Bowman's membrane.
sroma. descemet’s membrane, and mesenchymal endothelium (Figure 1.3). 1t serves
as the first refracting medium of the eve. It is structurally continuous with the sclera.

o avascular. receiving its nourishment by permeation through spaces between the

lamellae. Tt is innervated by the ophthalmic division of the trigeminal nerve via the

ciliary nerves and those of the surrounding conjunctiva. which together form plexuses

(Gipson 1994). Inflammation of the cornca is called keratitis. which is a significant
cause of ocular morbidity around the world. Keratitis may be of ulcerative (breach in
corncal epithelium with underlying infiltration of inflammatory cell) or non-ulcerative

tvpe. which i turn might be infectious or non-infectious. AK is an infectious

ulcerative (ype of corneal inflammation (Sharma 2001).

1.2.2 Epidemiology

Ocular infection due to Acanthamoeba was first reported in 1973 in a healthy, 7-year

old boy. who developed fever. sore throat. nausea, vomiting. headache and

iridocyclitis of the I:ft eye. He died 29 days later following rapidly progressive

meningoencephalitis. Amoebic trophozoites were identified in the ciliary body of the

left eye and in many brain sections. It did not involve the cornea (Jones ef al 1975).

Acanthamoeba keratitis was first reported in June 1973 by Jones et al (1975) where

cysts and the trophozoites were found on smears and on a blood agar plate that

contained corneal scrapings from a Texas rancher who had splashed himself in the

eye with tap water from contaminated river sources (Jones et al 1975). The first
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Fioure 1.4 Diagrammatic representati
. g D tion of the anatomy of the eye

istopathological section of normal human cornea

(Haemotoxylin and eosin stain x10)

Figure 1.5H

Acanthamocha Keratitis in India: A Microbiological. Cellular and Molecular

Understanding .
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published report of confirmed Acanthamocha infection of the eve appeared in Lancet
in 1974, T his report described two cases: the first occurred in a female school teacher.
who had progressive infectious keratitis that was recalcitrant to treatment. The second
desceribed a male farmer who had ocular injury from a tree branch a year carlier. After

this injury the eye healed quickly and had not bothered the patient tor a vear. when

the first sy mptoms of Acanthamoceba appeared (Naginton er al 1974). In the next 10

Table 1.1: Some important reports of AK cases from 1973

No Reference Year No.of cases | CLW | NCLW Country
1 [Jones er al 1973 1973 | 0 l UK
~ [Naginton er al 1974 1974 R 0 5 S
3 Kc: et al 1980 1978 | 0 ] S
4 Mz; et al 1981 1981 Il 0 1l Us
5 [Samples et al 1984 1984 I 1 0 s
6 |1irst eraf 1984 1984 | I 0 0s
7 |Blackmann ¢/ al 1984 1984 ] I 0 US
Scully er al 1985 1985 I I 9 S
9 |Moore et al 1985 1985 3 3 0 US
10 | Theodore er al 1985 1985 3 0 3 Us
11 [Cohen eral 1985 1985 | 2 5 S
12 |US Department 1987 |1985-1986 24 20 4 US

US. UK.

13 [Auran er al 1987 1973-1987 35 17 18 Netherlands.
. Germany. Belgium

14 [Yeoh eral 1987 1985-1987 4 0 4 UK
15 |Moore ef al 1987 1987 Il I 0 T

16 |Tseng et al 1989 1989 l 0 I Taiwan

17 |Rabinovitch et al 1990 1990 I 1 0 Canada
18 |Stehr-Green et al 1989 1973-1988 189 160 29 US
19 |Bacon er al 1993 1984-1992 72 64 3 UK
20 |Radford et al 1998 1992-1996 243 2925 18 UK
71 |Radford et al 2002 1997-1999 106 93 13 UK

CLW: Contuct lens wearer NCLW: Non contact lens wearer

years only 11 cases (in non-contact lens wearers) of AK were reported among which 5

were reported from US and 6 from three countries of Europe (Jones 1986). In 1960.
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the first hydrophilic polymer to be used as a contact lens material was invented in
Csechoslovakia (Wichterle and Lim 1960) and was introduced in the US in 1970

where these soft contact lenses became extremely popular (Schaumberg er al 1998)

[n 1984, the first case of Adcanthamocha Keratitis in soft contact lens wearer was

reported.  This patient had been wearing soft contact lenses while using an outdoor

hot tub from which Acanthamoceba was later isolated (Samples er af 1984). Most of
the cases were subsequently reported from the US and UK (Table 1.1) though they

have also been rcportdd from other parts of world like Australia (Gebauer er al 1996)

Brazil (Alves ef al 2000). Ghana (Leck er af 2002). India (Sharma er af 2000). Japan

(Tachikawa ef al 1993) and other countries. The incidence of AK has been reported to

Table 1.2: AK cases reported from India from 1984

No Reference Year | No.of cases | CLW|{NCLW State

1 [Kulkarni 1984 1984 I 0 I Tamilnadu

> [Sharma e al 1988 1987 | 0 1 Tamilnadu

3 [Sharma ef al 1990 1990 4 0 4 Tamilnadu

1 [Thomas er «l 1990 1990 3 0 3 Tamilnadu

5 [Sharma es al 1990 | 1990 9 0 9 Tamilnadu

6 |Srinivasan ¢/ ,"/‘,.9-?-3— 1993 ! 1 0 Tamilnadu

7 [Singh e al 1994 1994 1 ! 0 Delhi

g |Srinivasan ef d/ 1997 1997 3 0 3 Tamilnadu

9 [Davamani LM 1997 44 0 44 Tamilnadu
10 |Narang et al 1999 1999 3 0 4 Maharashtra
11 [Sharma et al 2000 2000 39 0 39 | Andhra Pradesh
12 |Parija et al 2001 __ 2001 [ 0 11 Pondicherry
13 |Narsimhan Mz 2001 19 0 19 Tamilnadu
14 |Srinivasan ¢f al 2003 2003 103 0 103 Tamilnadu
15 |Sharma ¢/ ul 2003 2003 1 ] 0 Andhra Pradesh

be 1/10.000 in CLW annually in UK (Seal er a/ 1996) while a study from US

estimated it to be 1.€5-2.01/million CLWs (Schaumberg er al 1998). Another study

from UK estimated the incidence to be 0.14/100.000 (Radford er al 1998) and the
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same group later 1n 2002 l'clmrlcd 1t to be as hieh as 2114 milhion CEW: they

& So=1. . . ey

attributed the increase inincidence to the geographical location of the population
~ <

(Radtord er al 2002).

First case of AK from India was a patient from Sankara Nethralaya, Chennai. who

was later diagnosed in Boston. US in 1984. The patient was a high myope wearing

solt contact lenses. She developed bacterial keratitis and was referred to Boston for

keratoplasty (Kulkarni 1984).  The corneal button on histopathology examination

¢ R Y Tre Ny O N i . .
revealed Acanthamochd. In 1987. the first case of AK was diagnosed in India at

Aravind Lye hospital. Madurai in a patient who did not wear contact lenses (Sharma

o al 1988). Since then only few reports of AK in India have been published in the

literature and most of these are trom south India and in non-contact lens wearers

(Table 1.2). prevalence of AK has been reported to vary between 1-3% in keratitis

paticnts (Sharma ¢/ 4-2000: Davamani e al 1998).

1.2.3 Predisposing factors

Historically. AK has been associated with corneal trauma and exposure to
contaminated water. However. since 1986, an association of AK with contact lens

wear became apparent (Stehr-Green ef al 1989) and AK was/is a potential threat to all

contact lens wearers who use unsterile solutions to rinse. store or lubricate their

contact lenses (Moore et ul 1987). Use of soft contact lenses has been considered as

the major risk factors for AK (Chynn ef al 1995). In a case control study of soft

contact lens wearers, factors like: using homemade saline, disinfecting lenses less

than recommended by the manufacturer and wearing lenses while swimming were

associated with AK (Stehr-Green e/ al 1987). AK has also been documented in
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patients who use contact lenses other than soft contact lenses also. These include hard
N . . Y
\Moore of al 1987). rigid gas permeable (Kocing er af 1987) and cven disposable

contact lenses that theoretically should not carry the risk ol contamimated lens solution

and containers (Ficker et al 1989y, Acanthamoeba has been isolated from the

olutions and cases of contact lens-wearers with AK. It is likely that all of these

colutions and lens cases are concurrently contaminated with bacteria or fungi that

provide the food source for the amoceba (Donzis ¢f «f 1989). Once in the solution. the

organism probably gains access to the eve (Figure 1.6) through cither application ol

contaminated solutions directly to the eye or by means of contact lenses (Brady and

Cohen 1990). Lxposurce (o vegelative or organic material: dust or water contaminated

with Acanthamoeba and preexisting corneal infection are the major predisposing

factors for AK In non-contact lens wearers (Srinivasan ef al 2003: Auran er al 1987).

1.3 CLINICAL FEATURES OF ACANTHAMOEBA KERATITIS

1.3.1 Clinical Symptoms

Subclinical infection with Acanthamoeba is more common than the actual infection

itself. this is because of the fact that Acunthamoebu is ubiquitous and infection with

non-pathogenic strains of Acanthamoebu generates or induces both cellular and

humoral immunity which in turn protects individuals against infection by pathogenic

strains of Acanthamoeba (Auran et al 1987). But when the infection occurs, the

symptoms mainly include severe pain. tearing, photophobia. blepharospasm. blurred

vision and foreign body sensation (Auran ¢/ al 1987). The ocular pain may be severe.

often disparate to the degree of corneal and intraocular inflammation (Jones 1986).

and has been reported in most of the patients with AK (Dougherty ef a/ 1994). Severe

ocular pain disproportionate to the degree of keratitis was the presenting symptom in
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Minor Trauma to cornea

Caused by
Contaminated foreign body

‘ ‘

Caused by Caused by
Contaminated CL uncontaminated CL or
Foreign body

l

—» Acanthamoeba invade < Washes eyes or CL with
Cornea contaminated water/saline

v

Few organisms Low virulence
Resolution of microscopic
Infection

v

Many organisms High virulence
Clinically significant keratitis

Figure 1.6 Risk factors of Acanthamoeba keratitis (Moore et al 1987)
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916 of the patients in a paper published by Chynn e af (1993). However. Mathers er
al (1990 tound that only 31% of the patients complained of pain while 48.8% of the
paticnts described only a mild irritation or foreign body sensation in the eyve and
1.63%, of the patients did not experience any pain at all. Sharma ef a/ (2000) also did
not record severe ocular pain in any of their 39 AK patients. which was unlike the
carlier reports in which severe ocular pain was well documented and regarded as most

common initial clinical symptom.

1.3.2  Clinical Signs

Clinical signs of AK have been divided into carly and late stages on the basis of

median interval between the onset of symptoms and diagnosis of AK. If it is less than
(8

15 (Srinivasan ef al 2003) or 30 days (Chynn er al 1995: Sharma ¢t al 2000) it is

tegorized as carly and if it is later than that it has been considered as late stage of
categorized a )

the discase. Srinivasan ¢/ al (2003) did not find any significant difference in the
¢ seasc.

clinical features between the two stages. They reported a large case series of 103

cases of AK and found that 74% of the patients presented with epithelial defect while.

: 0 HFfiiee 1nfiliraty : 90 . SRS s 10
corneal edema was present In 66%. diffuse infiltration in 62%. ring infiltrate i 51%.

and hypopyon in 42% of the patients. They observed satellite lesions in 18.4%.

endothelial plaques were s€€tl in 5.8% of the patients while only 2 cases (1.9%)

showed radial keratoneuritis (Srinivasan ef al 2003) which is unlike the other reports

which have suggested that radial keratoneuritis occurs frequently in cases with AK

and can be used as on¢ of the criterion to diagnose AK (Chynn e/ al 1995; Bacon e/ al

1993). Similarly, Sharma e/ al (2000) in their case series of 39 patients of AK

reported only 1 (2.5%) patient to have radial keratoneuritis. Radial keratoneuritis 1s

the presence of infiltrate along the corneal nerves. and is usually found in the

- ! i ariendd € Tl ! cotidon
{nicdesstcmdnge Acanthamaoeba KNevatites o ficdia 0 Microbioiogical. Collidar and Molccuda

Tppmonic e
13



]]]l\l\ll()l 1. l L_ll]']ll]— ] '\. ~

M W [ ATAC] < dn X ‘.l](ill] l l]] I I d IL 1
(8 [ [ l I'l

‘.\I(\()' l, (l/ l )8())- l‘l]lll\t ll1 ‘

I S CUSeS ()'- \K lll \\ I"Ch dn L‘ill'l\ d" b3 \.\ \ S ?
- ok . 1ALNOSIS WUS l‘l]ildc l & I i :
. = . L., \\llhll‘l 1() dq’,l\'\' ()l [l > .
- A 1 onsclt

M0

ol symptoms and they tound that 11 of 15 cases )
3 \ H D CASCS (7) 3%0) of AK sh ' ‘
. : showed pL‘l'lI]Clll'ill
intiltrate. Similzn‘l}'. ('h)‘llll et al (19935) l'cpm‘lcd that 43% of their p'llicnl\‘ devel i
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radial Reratoneuritis. — Apart from these features Auran er al (1987) ob |
87) observec

adenopathy in 2 of 35 cases described by them. Chemosis [ ival inj
| \ . Chemosis. conjunctival injection and

tarsal or limbal follicles were also present in few cases. Initial corneal chan hicl
. al changes. which

were described by them include. opaque streaks. fine epithelial and sub-epithelial
- clic

stippling and microcy: tic edema.

Mannis ef al (1986) and Srinivasan ¢f a/ (2003) have reported that the clinical picture
; :

of AK is similar to any suppurative keratitis and thus does not offer any clue for th
' e

diagnosis of AK in most of the cases. In a case series of 26 AK cases 57% of the
patients developed a distinct ring infiltrate. 93% developed a persistent corneal
crosion. iritis was present in all cases. only 39% of the cases were severe enough to
produce hypopyon and scleritis was reported in 14% of the patients (Mannis e a/

1986). The range of intraocular inflammation in AK is variable and can range from

trace cell and flare to mar ked uveitis with keratic precipitates and hypopyon (Brady

and Cohen 1990). Sharma ef al reported hypopyon in 44.4% and 53.8% of their

patients in two separate reports on AK (Sharma e a/ 1990:2000). Chynn ef al (1995)

compared the clinical features observed in both contact lens associated and non-

contact lens associated AK cases and they found that there was no significant

difference in the clinical presentation between the two groups but the patients with

!
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non-contact lens related AK had worse outcome. only for the fact that the diagnosis in

these cases was comparatively delayed.

I he hallmark of AK is presence of ring infiltrate in the stroma (Figure 1.3C). Ring

intilurate rarely may oceur in other conditions such as bacterial corneal uleers. but in

the appropriate clinical setting it is pathognomonic for AK (Theodore ¢r al 1985).

i s usually tw ee months into the course of the discase ¢ hewins as
Ring develops usually two to three months into the course of the discase and begins a

n-contluent stromal infiltrate in the paracentral cornea and then with time the
NON-Ce s

. N (3] . “s S el o
infiltrates coalesce into a partial. complete 360", double or concentric ring (Moore ¢/

7 1987). Auran e al ( 1987) reported that this ring or annular infiltrate is progressive
4 ¢ N, ¢

| often causes stromal thinning or furrowing. along with variable overlying
and often causes ¢

itheli e infiltrate  presumably develops by the interaction of
epithelial  defect. Ring P p

| honuclear leucocyies with intact organisms, antigens or by products of the
polymorph )

infect The central stroma within the ring appears coarsely granular (Jones e al
infection. :

1986). Jones ¢f al (1986) suggested that ring infiltrate usually occurred in the late
). Jones ¢

{ the disease but was not thought to be true by Srinivasan ¢/ a/ (2003) and
stage 0 se.

I / (2000) where they reported the presence of ring infiltrate in both carly
Sharma ¢ al (-

' iseas ith no significant difference. In some cases. usually in
stages he disease. with no
and late stages of Ul

.disease. the stromal infiltrate may be homogenous without ring
the later stages of the

like character (Auran ¢/ al 1987). The stromal inflammation may also be well
ike chara

bed wi > with minimum cellular infiltrate and intact
i i homogenous edema h
circumscribed with

thelium thereby simulating herpes simplex disciform stromal keratitis (Jones et al
epithelium

1986). Holland et al (1991) encountered six cases of AK with infiltrates that were
. HO

' . ] ' > course of the
re sub-eplthehal and occurred late in the cc
unusual because they we

disease. These authors attributed this infiltrate to either inflammatory response
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against active Acanthamoceba infection or adverse reaction to topical medication or

possibly by an immune reaction directed agamst Acanthamoeba antigen.

1.3.3  Complications
Clinical signs of severe discase include. scleritis. glaucoma and cataract (which

presumably s secondary to the prolonged and at times severe iritis). which are usually

sions in late presenting discase (Bacon ¢r af 1993). Involvement of the posterior

sepment is rare and was described in two cases by Auran ef af (1987). In 1988, Johns

cf al (1988) rcporlcd a case ol chorioretinitis in the right eye of the patient alrcady

having contact lens associated AK 1n the left eye.  Authors hypothesized that

chorioretinitis may have developed from the hematogenous dissemination from the
corncal infection. Burke er «f (1992) reported panophthalmitis and associated

tractional retinal detachment in a patient diagnosed to have AK. Two months post
[@

AK diagnosis. the patient developed anterior nodular scleritis. followed by iritis. band

keratopathy. ocular hypotension and significant lens opacities. Ultrasonography
(2 ¢ -

showed choroidal and retinal detachment. finally after three months requiring

enucleation Acanthamoeba endophthalmitis has also been reported in a patient with
[e . 4

AIDS. The patient had disseminated Acanthamoeba infection of the skin and lung

along with granulomatous uveitis. wherein aqueous and vitreous specimens showed
C

the presence of the parasite (Heffler er al 1996). As in bacterial and fungal keratitis.

advanced infection in AK also produces necrotizing stromal suppuration and corneal

perforation (Jones 1986). Recurrence of Acanthamoeba infection in the cornea was

noted in 7 of 72 cases of AK reported by Bacon ef al (1993).
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Acanthamocha sclerokeratitis s an uncommon comphication ot AK and in its most

cevere torm it is associated with significant morbidity and is seen as a difticult

therapeutic challenge (Lindquist er ol 1990).  Acanthamoeba sclercokeratitis is

marked by recent or concurrent ipstlateral corneal infection with Acanthamoeba in

Jesociation with severe anterior scleritis. manifesting as deep scleral pain with globe

enderness. engorgen.ent of deep episcleral blood vessels and’or the presence of

celeral thickening on ultrasonography (Lee er al 2002). In a case series from

\Moorfields eyve hospital. London. UK. out of 200 cases of AK. 19 (9.5%) developed

Acanthamoeba sclerokeratitis (Lee er ol 2002). The apparent  preference  of

lcanthamoeba for cooler environment such as the anterior cornea (35°C) may also be

a factor in the decreased tendency for invasion of higher core temperature tissues such
as sclera. Scleritis 18 usually anterior and diffuse but also might be nodular in

distribution (Lee ¢f al 2002). There is only one published report describing diffuse

posterior scleritis and opti¢ neuritis associated with AK (Mannis ¢/ a/ 1986).

1.4 ANT[-ACANTHAMOEBA DRUGS AND SURGICAL MANAGEMENT

Until recently. there has been a limited medical therapeutic armamentarium for
treating AK. The literature attests to a variety of drugs providing variable efficacy
against different Acanthamoeba species or strains both in vivo and in vitro. The first
medical cure for AK was reported in 1985 with a combination of propamidine and

neomycin (Wright ¢/ «l 1985). A very important determinant of successful outcome or

treatment is the ability of a compound to penetrate in deeper part of stroma of the

cornea. The compound may have apparent sensitivity in vitro but might not be

effective in vivo if it cannot penetrate. The ability of medical therapy alone to

eradicate Acanthamoeba from the cornea is variable. Success of therapy depends on
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the therapy of AKL some of which are described below:

1.4.1 Diamidine derivatives

Diamidines act as inhibitors of S-adenosylmethionine decarboxylase (Hugo and Byers
1993) or interact directly with the amocba's nucleic acids (Greenidge er al 1993) or
inhibit cytoplasmic enzymes (Arnott ef al 1994). Diamidines arc well tolerated by

ocular tissue when applicd topically (Lindquist 1998).  Some of the diamidin
¢ ¢

derivatives. which have been used against AK. include:

¢ Propamidinc iscthionate (Brolene 0.1%)

It is an aroma:ic diamidine and the medical cure with propamidine therapy is

only achieved when it is commenced early in the course of the disease (Bacon

ot ul 1993 Moore and McCulley 1989). Prolonged treatment with
propamidine leads to toxic keratopathy. which clears gradually after

discontinuation of the drug (Johns er al 1988; Alizadeh et al 1997).

¢ Hexamidine: [t was found to have greater cysticidal activity than propamidine

(Brasseur el dl 1994: Gray ef al 1996).
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1.4.2  Cationic Antiseptics
Chlorhexidine s a biguanide. while polyvhexamethylene biguanide (PHMB) is a
polymeric biguanide. Both act by compromising  the integrity  of  the

mucopoly saccharide plug that scals the ostiole of the Acanthamocha ¢yst. rreversible

Joss of essential cellular components through the damaged plasmalemma results in

coll death (Armstrong. 2000). While cytoplasmic precipitation is a secondary event

(Seal o al 1996). Corneal epithelial toxicity (clinically) is minimal for chlorhexidine

and PHMB at a concentration of 0.02% (Lindquist 1998). Both chlorhexidine and

PHNB have both amoebicidal and cysticidal activity (Llder er af 1994: Hay er al

1994).

¢ Chlorhexidine

It is the most prevalent biocide used in antiseptic products. It is commonly

ised in disinfectants. preservation and in hand-washing and oral products
use

(McDonnell and Denver 1999). It has a persistent effect on tissues for up to

74 hours after application in a concentration of 0.02% (Seal er al 1996).

Kosrirukvongs ¢ al (1999) achieved successful treatment of AK with 0.006%
QS \S

hlorhexidine. but recommend that early diagnosis is very crucial for the
C -

successful outcome. At concentrations of > 0.2%, chlorhexidine has toxicity to

kin. conjunctiva and corneal epithelial cells and fibroblasts. but at
skin.

. - 0 o i apparent ocular toxici ’ 996a:
concentrations of 0.02% there Is no appa ar toxicity (Seal er al 1996a

Green et al 1980).
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2

Polvhexamethylene biguanide (PHMB)

PHMB is manufactured principally as an industrial grade sterilant. It is used
in cosmetics and soaps as  preservatives. as an algastatic compound in
swimming pools and a constituent of contact lens disintecting fluids (Scal ef af
[996). In carly 1990, cationic disinfectant PHMB was found to be highly
eftective in killing both cvsts and trophozoites in in virro studies (IHingworth
and Cook 1998). Larkin er al (1992) reported its successtul clinical use at a
concentration of 0.02%. In their study. all 6 patients had failed to respond to

conventional anti-Acanthamocha therapy. which included propamidine and

ncomycin. PHMB 1s non-toxic to mammalian ¢pithelia at concentration of <

2090 (Berry and Lasty 1993). Its also lacks corneal toxicity clinically (Larkin
ol al 1992: Bacon et dl 1993). However. single first line use of PHMB in

therapy of AK was questioned by Tseng er «f (1998) who detected and

cultivated Acanthamoeba from a cornea biopsy of an apparently successfully

treated (PHMB prescribed for 4 months) case of contact lens associated AK.

Also Lam ef al (2000) have reported that topical PHMB monotherapy leads to

persistence of infection and hence suggested use of combination therapy in

reatment of AK. PHMB has advantages over propamidine in having high

consistent cysticidal activity (Elder er al 1994) and no toxicity (Berry and

Easty 1993).

1.4.3 Antibacterial agents

Initially. in absence of anti-amoebic agents. antibacterials were used with almost no

success for the treatment of

AK (Illingworth and Cook 1998). Aminoglycosides such

PRI
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as paromomycin and neomyein (Lindquist 1998) were used effectively in conjunction
with other topical drugs for the treatment. They are largely ineffective against cvsts
[ opical use of ncomygin for long period of time is toxic to the cornea and can induce
hy persensitivity - reaction (Wilson 1991). - Also. Imidazoles such as miconazole.

clotrimazole. ketoconazole and itraconazole have been used for the treatment
: atme

(Lindquist 1998). howcever these antibiotics are only amocbastatic. Among thes
- (e .2 g ‘.~c

imidasoles.  ketoconazole has been reported o be most  effective  against
: da¢ h

Scanthamoeba  (Lindquist 1998).In recent times. antibacterials have  been
< ¢
recommended only for prophylaxis of the infection as in presence of persistent

cpithelial defect. there is always a great risk of secondary bacterial infection

1.4.4 Other drugs

¢ Povidone-lodine (PVI): It has been used at a concentration of 0.5 to 2.5% for

the treatment of AK and the authors found that it had better anti-amocbic

activity  than chlorhexidine both against trophozoites and cysts of

Acanthamoeba (Gatti et al 1998).

. Alkylphosphocholines (APCs)

APCs are a group of compounds, which consist of phosphocholines esterified

to various long chains aliphatic alcohols (Eibl and Unger 1990). They are

active against Leishmania donovani (Croft et al 1987). Trypunosoma cruzi

(Santa-Rita ef al 2000) and Entamoeba histolytica (Seifert ef al 2001).

Walochnik er al (2002) tested 8 of these compounds against Acanthamoeba

isolates and found that seven of the eight APCs had amoebastatic activity.

Cnncdersiancding Acanthamocba Kevattis o Ik 1 Microbiological. Cellutar aned Moteowlar
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while only hexadeeylphosphocholine exhibited highest degree of eyvtotoxicity
against trophozoites resulting in complete cell death at a concentration as loy
at ’ as low

as 40uM and also displayed significant cysticidal activity. Thus the author
) ¥ : A ors

ested that hexadeevlphosphocholine is a promising new candidate for th
g H ¢ 2

sugy?

1npic;il treatment of AK (Walochnik er «/ 2002).

Corticosteroids: Fopical corticosteriods have been used to treat AK. but then
! db - 5 clr
use is controversial. as some authorities consider them to be contraindicated

hecause of their role n suppression of host immune response (D Aversa e al

1995 Stern and Bullross 1991). Steroids have been reported to inhibit both

excystment and encystment (Osato er al 1986). This. in theory. has the

advantage of rendering the amocbace more susceptible to destruction by the

immune defenses. but 1t also has a disadvantage in that the cysts are more

saisiant 0 antiamocbic agents. However. in contrast to the above observation,

MecClellan er al (2001) indicated that exposure of Acanthamoeba trophozoites

and cysts 10 dexamethasone increased the pathogenicity of the organism. In

their in vitro studies. eXposure to dexamethasone increased the number of

trophozoites through excystment and growth. Their results emphasized the

importance of maintaining adequate amoebicidal therapy if a topical steroid 18

used in the management of AK (McClellan er «/ 2001). llingworth er al

(1995) used steroids in 18 out of 23 eyes infected with Acanthamoeba and

found no apparent adverse effects. while Rabinovitch ef al (1991) suggested

that use of corticosteriods was single most important factor predicting failure

of medical therapy. Hence the question of when to use topical steroids is not

2
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1.4.5

satistactorily resolved as vet and af at all they are used they should be used
with caution. particularly at the commencement of antiamocbic  therapy

(Hlingwroth and Cook 1998).

Surgical management

Debridment : Corneal debridement in combination with medical therapy was
used successfully in treatment of AK. Brooks ¢f al (1994) treated 2 cases of
AK only with epithelial debridement. without any concomitant treatment with
anti-amocbic agents.  Although lllingworth ¢ al (1995) suggested  that

experience with debridement is too limited for it to be recommended without

medical therapy.

3 s ach’ DI ) 1 Y SO " : ~ . .
Penetrating ker atoplasty (PK): Since the introduction of antiamocbic agents

and their successful use m treatment of’ AK. PK is now usually unnecessary in

the acute phase of the disease. Although, if PK is performed in inflamed eyes.

there is a possibility of graft failure due to recurrent infection. In a study by

Cohen et al (1987). two of five eves and in another study six of seven grafts

failed in such circumstances (Ficker ¢r al 1993). However. lllingworth et af

(1995) had encouraging results in all the nine grafts. when PK was done on

inflamed eyes.

Cryotherapy: Reports where cryotherapy has been recommended for

treatment of AK were described before the availability of cationic antiseptic

agents, thereby relegating cryotherapy to a limited role (Illingworth and Cook

1998). In vitro studies have shown that cryotherapy only Kills the trophozoites

fo i
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and not cvsts (Meisler er al 1986).  However. success with eryotherapy
i b o))
coupled with other medical treatment has been reported in five cases by

Binder ( 1989) and one additional case by Lindquist ¢r al (1998)

Deep lamellar Keratectomy and conjunctival flap: Cremono er af (2002)

found that deep lamellar keratectomy with a conjunctival flap 1s a suitable

131‘[’1'“1’&']] to help control the infection and to help relieve pain in patients with

adyanced AK. Investigators proposed thato if the eve is inflamed and paintul

a conjunctival flap could provide symptomatic reliel and help quiceten the eye

. i o ) - PK The 1 2 .
in preparation for a future PK. The aim of deep lamellar Keratectomy with
conjunictival flap 18 10 cxeise and remove necrotic tissue. Inoaddition
conjunctival flap brings conjunctival vessels and lyvmphatic channels that may

enhance the immune response against the amoebae (Cremono er al 2002).

Amniotic membranc: Kim ef «f (2001) have reported oood results with the

use of amniotic membrane transplantation in three patients with AK. Amniotic
membrane contains several inhibitors (Kim ef al 2000) and ant-inflammatory

proteins (Hao ¢/ al 2000). Cremeno ef al (2002) suggested that these

properties of amniotic membrane might facilitate the healing process and
prevent necrosis 1N nfective keratitis patients.  They also believed that

amniotic membrane in combination with lamellar keratectomy may shorten
the surgical time and may also facilitate faster recovery of corneal

transparency compared with conjunctival flap.




[hus. A a dittic Iscase cat equires pr .
o AK 1s a difficult disease o treat and requires prolonged therapy. especially o

cradicate cvsts. which are the most difficult obstacles.  Many agents have been

vest that

=

sudied to assess their antiamocebic effect against AK. Clinical reports sug

welection of drugs has been haphazard and relationship between drug susceptibility

and clinical efficacy remains unproven. Although antiamocbic  therapy  with

combination of cationic antisepuces. diamidines and antibiotics has been successtul. a

continued testing of isolates with new drugs i1s important.

INMMUNOLOGY AND PATHOGENESIS

1.5

[ he p;llhngan’SiS of AK and the immune response against canthamoeba are of

interest since the organism is ubiquitous in water and soil but only small fraction of

people acquire the discase.  The low incidence of AK may be due to atleast two

mutually compatible explanations: firstly. Acanthamoeba is a weak pathogen and

secondly. there is high degree ol innate host resistance against it (Garner 1993).

1.5.1 Immune response¢

The immune defense mechanisms that operate against Acanthamoeba have not been

well characterized (Marciam—(,‘abral and Cabral 2003) moreover studies on it are very

limited as only corneal transplantation specimens are available for study and in most

cases such patients have, been intensively treated with anti-inflammatory agents prior

to surgery. Thus. most reports describe the late stages of the disease probably

modified by drug therapy (Garner 1993: Auran ef «l 1987: Mathers ¢/ al 1987). High

titer of IgM antibody against Acanthamoeba has been detected in the serum of healthy
asymptomatic individuals. suggesting that exposure to Acanthamoeba is common but
However, protection from lethal or fatal

not the fatal infection (Cursons et al 1980).

R
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infection mvolves both mnate and acquired immunity (Cursons ¢er af 1980). There
have been tew studies to assess the interactuon of Acanthamocha with specified cells
of the immune system. It has been reported that the carliest response of the host to
amochae consists of influx of neutrophils to the site of infection (Ferrante and Abell
1986) and later it was proved that macrophages play a more important role than
neutrophils in Killing Acanthamoceba (Marciano-Cabral and Toney 1998). The fact
that these cells play an important role in the immune system has been established by
in vivo (animals model) and in vitro (in cell lines) experiments. Apart {from the above
cells. complement activation and IgM antibody production add to defense against

invading Acanthamoeba infection (Niederkorn er al 1999).

Complement

It is an innate resistance factor that is activated by Acanthamoeba and provides the

first line of defense against invading organisms (Ferrante and Rowan-Kelley 1983).

The complement is activated by the alternative pathway. The C5.C6. C7. C8 and €9

fraction of complement system. when activated. act together to cause membrane

damage of amoebae (Ferrante and Rowan-Kelley 1983). Although. the main function

of complement activation is to generate opsonic factors such as C3b for recognition of

the amoebae by phagocytic cells. it also leads to generation of mediators of

inflammation such as anaphylotoxins like C3a and C5a which contribute to the

pathogenesis of the AK (Ferrante 1991).

Antibodies

Titers of antibodies to Acanthamoeba in human serum ranges between 1:20 and 1:80.

Antibodies are mainly of IgM and IgG isotypes. Antibodies are also present in cord

! : H ! ! { v . i . . "' \ vr‘
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blood sugeesting that the antibodies to Acanthamoeba are transterred placentally.
\ntibodies function in various ways to limit invasiveness ot Acanthamocha. Addition
of antibodies to free living amocbac in virro prevents their adhesion and spreading
(I errante 1991). Antibodices also inhibit phagoceytic property of amocbae and promote

neutrophil mediated killing of amocba (Ierrante 1991).

Macrophages

NMacrophages are extremely important effector cells in ocular inflammation and are

ften detectable moacute ocular infections. They serve three primary functions: 1) as
ollen delecte ¢ \ \

tigen presenting cells for T-lvmphoceytes. 2) as inflammatory effector cells and 3) as
antigen pre: g : b

lators in other processes. such as fibrosis (Cousins and Rouse 1996). Stewart ¢f
regulators :

' - ndy showed that macrophages demonstrate a strong chemotactic
al (1992) in their study showed that macrophag A6 ¢ . t

' o and can directly kill trophozoites in virro. van Klink et al
response Lo e anthamaoc

; _ ‘hinese hamster selectively depleted out macrophages with
' Jir study on Chiese ; h
(1996) in their stud)

(aining dichloromethylene diphosphonate (C12MDP-L1P) and found
liposomes contaming ]

haee depletion affected the incidence. severity and chronicity of keratitis.
that macrophage

incid o infection in normal animals was approximately 60% but rose to
| he ncrdence ¢

-ance was ‘h more severe and there was a major change
. T sarance was much 1 ‘ 0
100%. The clinical appeare

in chronicity of keratits with earlier onset and a prolonged and chronic course in the

('l’MI)P—I,'l p reated hamsters. C12MDP-L1P treatment prevented the antigen
tation to T cells by con_juncti\-'a] macrophages. thus preventing the generation of

presente :

an Acanthamoeba specilic {mmune response. The profound exacerbation of AK in

an -

I ters treated with C 12MDP-L1P strongly suggested that macrophages played an

sters treate

'mm\l  role 1n corneal infection. Macrophages prevented the disease from

importan

l . L chronic because of their extensive attack early in the infection. which

ecoming




possibly prohibited the spread and mvasion of the Acanthamoeba  The authors

ained that macrophages are usually present in the acute phase of the discase hence

cxp

their absence has been documented in corneal biopsy specimens and corneal button

from penetrating kerd oplasy patients. They believed that macrophages serve as an

important barrier to corncal infection and exert their etfect by preventing the initiation

of infection and appearance of clinical signs. Thus they suggested that macrophages

act as a first line of defense and climinate significant numbers ol Acanthamocba

trophozoites (van K link er al 1996).

Polvmorphonuclear cells (neutrophils)
\'guu-nphilq are the most abundant gruuu]nc_\‘[cs in the blood.  They are efficient
: - invade tissues and degrade ingested material. They act as
; . Sgs e | ]Cl](.“[\ In\d(.]k. L g \
phagocytes anc ]
1 , thr he release of granule products and cytokines
: - ffector cells through t i |
important etfectol
der *termine importance of neutrophils in the
R - . 1996). In order to dete
(Cousins and Rouse

P AT < ¢f al (2001) inhibited the conjunctival neutrophils migration
; .nesis of AK. Hurtef ¢
pathogenesis ¢
: :  E ot ith an antibody against macrophage inflammatory
e = Ve [n]g,(,llon Wi ) o g
by .suh-wn_lunumll ]
ul chemotactic factor for neutrophils. secreted by the
. : orful chemotactic factor for neutrophils. secreted by
oteln 3 (MIP-2). .8 Pank
protemn = (!
. ooeritoneal injection of anti Chinese hamster neutrophil
ST S muapultomdl ]
cornea and by using
Iy, The inhibition of neutrophils to the cornea resulted in an carlier onset and
antibody. The mnh
. fection. Authors also intrastromally injected recombinant MIP-2 into
more severe mnlection.
1 initial Intense inflammation that resulted in rapid resolution

the cornea and found ai

| infection Thus the profound exacerbation of AK was seen when
of the corneal In !

hil migration Was ‘hhibited and rapid clearing of the disease in the presence of
neutrophil migra g

hils. Both these observations strongly suggested that neutrophils
increased neutropnils.




Ncutrophils kill amocba only when they are activated by Ivmphokines.  In addition
these altered neutrophils cannot act in the absence of complement or antibody

(Ferrante 1991).  Therefore. combined action of Ivmphokines. complement and

antibody is needed  tor killing mechanism of nceutrophils.  Necutrophils killing

mechanism involves both the oxidative respiratory system and enzyme which are

found in its azurophilhic cranules e.g.. myeloperoxidase. T cells and macrophage

cyviokines augment both oxidative respiratory svstem i.c.. respiratory burst and release
- P - L= ) P 8 ol

of Ivsosomal enzymes from ncutrophils. TNFa is responsible for significant

stimulation of the respiratory burst (NADPIH oxidase acuvation) which results in the

production of oxygen derived reactive species and the release of azurophillic granules

(Ferrante 1991).

L.ymphocytes

The lack of vigorous l[ymphocytes infiltration is cither because of lack of recruitment
by macrophages or secondary to a lack of vascularization. I vascularization is
present. lymphocytic and plasmolytic infiltration are usually observed mainly in the

immediate vicinity of blood vessels in the corneal stroma or in the vascular pannus

(Mathers er al 1987).

1.5.2 [n vivo and in vitro models

esle

The mechanisms invo‘lved in corneal tissue damage and invasions by the amoeba are
poorly understood. especially those related with early events of amoebae-cornea
interaction. Several animal models (van Klink ef al 1993: He et al 1993: Cote er al
sen used to study AK. In efforts

1991: John et al 1991: Badenoch ef al 1991) have be
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not only tailed 1o produce cvtopathic effect (CPE) but also did not even bind
b ven bind o

corneal epithelium of mice. rats. cotton rats. horses. guinea pigs. cows. chick I
¢ s, s. chickens. dogs

and rabbits.  However parasites adhered. invaded and produced severe dam
: damage 1o

human. pig and Chinese hamster cornei. Their results indicated that - castellanii
< *e Noeliann
at the host cell surface and the parasite recognized

exercises rigid host specificity

species-specific surface  moleeules on the  corneal  epithelium [owey
' ever.
disadvantages of these methods include lack of reproducibility between experiment
- : ents

als on a regular basis (Halenda er al 1998)

and the need to sacrifice anim

Non-corneal cell lines have also been used for in vitro studies of the pathogenicity of

rson and Brown 1978). but these studies vield data that 15 not

Acanthamoceha (CU
specific Lo cornea-pathogen interaction (Halenda er al 1998). ). Recently primary

097 - : il .
corneal cultures (Kahn ¢l 4l 1993) and immortalized human corneal epithelial cell
lines (Araki er al 1995) have been developed which represent greater characteristics

of the in vivo situation.

1.5.3 Pathogenesis

Acanthamoeba is a ubiquitous parasite: hence its inoculation in the cornea can be via

contaminated water. enil or any foreign body in the eye. Some rescarchers believe that
initial insult to the cornea In form of trauma. chemicals. organic matter. insect or
microtrauma because of contact lens wear is required for the infection to occur
(Roussel et al 1985: Theodore ¢/ al 1983). On the other hand Omana- Molina et al




ol e ‘Th ver Jae » . H
(20071 i their study on Chinese hamsters. have described that Acanthamaocba spp. are

capable of producing damage to intact hamster cornea. without producing a previous
g S

artiticial lesion. Onee the amocbha is present on the cornea. an important first step in

the infectious cascade of AK 1s 1ts binding to the corncal epithelium. Thus AK occu
g : s AK oceurs

in a scquential manner and is initiated by the adhesi .
1 seque I ted by the adhesion of the pathogens to the host

geellsy
penetration m

corneal infe

followed by invasion of the corneal stroma (Leher er af 1988). Adherence and
- ¢ anc

ayv be the twosstep process necessary for the AAcanthamoceha to establish

ction (Moore ef al 1991).

Adherence

[ the initial stages ol adhesion. cytoplasmic projections or acanthopodia of

the trophozoites come i contact with the superficial cells of the cornea. Soon

afier trophozoites adhere completely and separate the cell junction of the

corneal epithelial cells and eventually desquamate them (Omana-Molina er af

2001). 'l'rophozoilcs can adhere more intensely with the epithelial surface,

thus trophozoites are probably more important than the cysts in initiating

human corneal disease (Ubelekar er al 1991).

Stopak e/ al (1991) suggcsted that studying the human corneal constituent that

act as substrates or an attachment site for Acanthamoeba. will definitely lead

to a better understanding of the pathogenesis of AK. Yang ¢f a/ (1997) have

demonstrated  that corneal epithelium expresses Acanthamoeba reactive

mannose glVCO}Jl‘Otein receptor and the parasites express a mannose-binding

protein. Therefore. the authors proposed that one mechanism of
Acanthamoeba adhesion 10 the corneal surface involves interaction between




the mannose binding protein of the amocbac and mannose glvcoprotein
receptor of the corncal epithelium (Yang er af 1997). Leher er af (1988) were
in agreement with the above mvestigators and also tfound that eneagement off
the mannose receptors induces the release of serine protease. which mediates
contact independent cvtolysis of corncal epithelial cells. Their study mmplied

that the adherence ol trophozoites to corneal epithelial cells is essential for
e s AR s L

initiating the cyvtolyuie machinery ol Acanthamoeha but is unnecessary one
: SSAr ¢

the mannose receptor 1Is cngaged.  Authors proposed that Acanthamoeba

trophozoltes &t capable of mediating both contact dependent and contact

indupcmlcm c'\‘mpulhlc cffect. The mannose receptor is crucial for both these

processes (Lcher er al 1983). Studies on SIRC (rabbit corneal cpithelial) cell

weested that adherence of Acanthamoeba to the monolayer of cells is a
— - - . L&

lines st
time and (emperature dependent process. [hey also observed an interstrain

difference in adherence of Acanthamoeba to the cell line suggesting that
adherence ul'.71c'm:f/nmuw/m may correlate with observed variation i the rate
ni'pmurcssion and virulence i vivo (Morton e al 1991).

Aflter adhering 0 corneal epithelial cells. Acanthamoeba requires cellular
clements for its sustenance. The cell surface of the A.custellunii is a highly
spccializcd region that is not active in the active transport of solutes, but 1s
involved directly n the uptake of nutrients by endocytosis, membrane fusion
events and cell motility (Ubelaker e al 1991). It feeds on complex
macromolecules found most commonly in living cells for its nutrition (Stopak
et al 1991). Acanthamoebad feeds directly on the dense cellular epithelial cells
| and eventually allowing access to the corneal

causing disruption of the layer

(]
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stroma. which provides further nutritional support through its keratoeyt
gh 1ls Reratoeyies,

[his plentiful food supply allows the organism to subsist in the stroma fi
- T stroma lor

long period of ime (Stopak er al 1991).

Pencetration

Moore e al (1991) suggested that the trophozoites of A castellanii use 1
‘ : - se wo

methods to penetrate human corneas i vilew.  The Finst misthod nvelves il
' es the

secretion of material. which mainly includes enzymes. that interferes with th
) ! . .

junction of the surface squamous epithelium.  Acanthamocha are known o
are K :

have several ¢nzymes that include ribonucleases. phosphatase. proteinase. «
ai dsCe. U-

glucosidase. [S—N—uccl_\’lglucosmmnidusc and B-glucuronidase (Moore ef al

1991). Plasma membrane of Acanthamaoeba has enzymes like phospholipase
- B o

A. ]_\'nphosphnlipasc. acetyl Co-A hydrolase. palmitoyl Co-A synthetase

alkaline  phosphatasc and 5 -nucleotide activities and Mg adenosine

Acyl Co-A:lysolecithin acyltransferase. CDP choline:

(Victoria el al 1975).

].2—diacvlglyccro]cholmc phosphotransferase are present in the microsomal

fraction (Victoria ¢f ol 1975). Thompson and Shultz  (1971) reported that

substantial levels of two phospholipases. glucose-6-phosphatase and 5°-

h and smooth endoplasmic reticulum (ER) but found

nucloetidase in both roug

that NADPH Cylochromc C reductase and rotenone insensitive NADPH

cvtochrome € reductase were present only In smooth surface membrane.

Moore ef al (1991) suggesled that rough ER plays an important role in

claborating substances that break the desmosomes of the squamous

epithelium. Because of the enzymatic action. trophozoites separate adjacent

e

fCetnttiieation fret



wurface cell. extend pscudopodia into the separated area and move under the
surface of the epithelium without causing damage to overlying cells. This
finding may explain the clinical signs of stromal infiltrates without associated
cpithelial signs (Moore ef al 1991). Apart from many enzymes. collagenase

was also attributed to pathogenicity of AAcanthamoeba. since collagenase from

the axcenic cultures of A castellanii digested collagen shields and tyvpe |

collagen i vitro. This finding further suggested that the stromal degradation in

\ k. micht be caused in large part by parasite-derived collagenase (Alizadeh er

al 1990).

[ he second feature of penetration is phagocytosis of epithelium (Moore ¢r al

1991). Ferrante and Bates (1988) have shown that Acanthamocha contains the

prot olvtic enzymes clastase and Cursons e al (1978) found phopholipase A
oleol) -

luction by {canthamoeba. There have been many reports determining the
proc ¥ i

fisis of pqll]O”UHC“‘iS in Acanthamoeba and in one of the studies authors found
SIS athogeiit

hat pathogenic solates of Acanthamoeba displayed plasminogen activator
that pe e '

v Based on this. the investigators hypothesized that pathogenesis of

activity. b

AK involves the activation of plasminogen to active plasmin. which in turn
(s the narasite penetration into the corneal epithelium (Alizadeh et al

promotes :

19906).
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common histopathologic features seen in AK (Vemuganti er afl 2000)

1.5.4.1 Inflammatory responscs

il qtory response is usually acute 1 arvi e E 1 )
| he inflammator) I ally acute with varving degrees of libroblastic

response and  necrosis (Auran ef al 1987).  Polymorphonuclear cells with few

macrophages are the predominant cells noted in the anterior two third of the stroma

(Auran of al 1987: Kinota ¢! al 1993: Marciano-Cabral and Cabral 2003)

Conspicuous absence of lvmphoceytes 1s noted by many. and is attributed to the
absence of vascularization in the cornea (Mathers er af 1987: Garner 1993 Kremer e/

' : ) ! svite . . % 2
al 1994: Vemugantt ¢f ol 2000).  Lymphocytic and plasmocytic infiltration in the

cornea is closely associated with vascularization. wherein the lymphocytes and

plasma cells are observed mainly in the vicinity of blood vessels (Mathers er al 1987).
Mathers ef al (1987) h;'pothcsixcd that there is ineffective lymphocytic recruitment
cither because the organism has the ability to mask its antigen from the cellular
immune system or the organism has the capability to suppress the function of
infiltrating macrophages. Lack of lymphoid cells does not suggest that there is no
immune reaction. since Garner ef al (1993) observed lymphoid cells in both [imbal
conjunctiva and the anterior uvea in > of 30 cases which underwent evisceration.

Similarly Vemuganti ¢/ ol (2000) have reported the presence of lymphocytes and
plasma cells at the limbus in two of the cases of AK where evisceration was done.
Sl e e
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[he intiltrate in the stroma mainly consists of intact neutrophils. nuclear dust and
laroe fracments of karvorrhecetic nuclear form and degenerate neutrophils. Garner
(1993 reported the presence of neutrophil filtration 1 the anterior stroma in 86.7%

‘1. 17 10 <A . e . . ST .
(26 of 307 of the cases while 33.3% (10 of 30) of the cases showed infiltration in

posterior stroma Kremer ef al (1994) observed that degree of inflammation roughly

OSICTT h o o \
related  with the number of organisms.  Mathers er a/ (1987) performed

correlaled e

' phenoty ping of the various cells in the corneal buttons sections of two

immunophenoty pimg

-, % a1 RO, “the palle | g st o .
patients diaenosed to have AK and found that 98% of the cells in the corneal stroma

dive for HLA-DR antigen. Anti-HEA-DR antibody stains all the cells that
were positne it . =

1 1S ¥ atability CU[“]-’IC.\' C]E]SS ” 'dl]li‘._‘t:n lhlu inC[ULIL‘S lni.ik.‘l'nph;_[uch‘
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L',\Pth.\ ,\ld.]l” h!f\

S [ intense infiltration of !]]ilCI‘UphLlﬂL‘_\;_ althoueh
» . S i l[]]t)].\ [hUh IUUH(.[ 0 0
and keratocytes. Al

ineffective In recruiting lvmphocytes into the cornea. They also observed
they were inetlective g

. ;o l Ih“ ‘-,]I(' li[‘ ac l\ i ]l b Illll()]] ” l Q] h CdSes. \\h]lL‘ \'] drse
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l | (e were seen only mone casce (Mathers er al 1987).
vimphocyies . :

in corneal stroma
1.5.4.2 Acanth(mmeba in corneal s :

| hozoites have been observed in the histopathologic section of the
; -ophozo1tes
Both cysts and troph
[ AK cases While cvsts stain easily with haematoxylin and cosin
J dolo. B
corneal buttons ©
hozoites can be missed as keratocytes. The trophozoites exhibit
L ek 5 -)I') A o
and other stains. ¢

i | basophilic intracellular organelles (Kinota er «/ 1993). Garner
‘omine Jel and be
prominent nuc
he presence of trophozoites and cysts both in anterior and posterior
orved the pre:
(1993) observed t .

103 3% of thelr cases. Against this. inflammatory cells. though observed in
Sir . 2.07/0
e were present only in 33.3% of cases in the posterior stroma. thus
rior stroma. i
amum]' | that cysts Were present in the posterior stroma in the absence of
suggesting  the )
‘SU:&L’““;W cells in their vicinity (Garner 1993). Blackman ef al (1984) also made
inflammator) :
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then is exposed to varied defense system of the host (Blackman er al 1984
2 H z ) u ll )

Lo ) - 1 g, Y RIS 3 ast i
Vemuganti ¢f af (2000) reported intact and degenerated trophozoites with few cvsts in

the anterior and mid stroma and ¢ysts predominantly in the deeper quict stroma. 11
- stroma. 1CN

sugeested  that  when  the parasite invades the deeper stroma it unde
: . aergoes

morphogenesis into cvstic form as a defense mechanism and henee the absence off
daosence o

inflammatory cells around it. Kremer ef al (1994) also reported presence of viabl
Ore: able

cvsts in the posterior stromi. close to Descemet’s membrane.  Neutrophil and
. anc

macrophage response i1 AK thus. is a result of the secondary mflammatory respons

) ¢ Y re se

against the necrotic amocebic organism and not because of the intact organism
€ = b

(Mathers et al 1987). .

1.5.4.3 Stromal changes

Like the inflammatory reaction. necrosis and stromal loss are also limited to the

superficial stroma (Garner 1993: Vemuganti ¢/ al 2000). Vemuganti er al (2000)
reported inflammatory reaction in posterior stroma in two of five cases. while one
case showed vessels in the stroma without any associated lymphocytic infiltration.
Apart from neutrophils and macrophages. they also reported the presence of

cosinophils in the stroma. Another interesting feature, which was reported by them.
was the loss of keratocytes in all layers of the stroma. Kremer ef al (1994) also found
depletion of keratocytes in both anterior and posterior stroma and keratocyte loss in
posterior stroma was independent of the inflammatory reaction. Usually loss of

crit et

[ocprithiedst



heratooy tes is attributed to phagocytic acuvity of the parasite. but Vemuganti er al
(2000) observed keratoeyte loss independent of the parasite load in the vicinity. thus

sugeesting additional modes ol cell Toss. Using TUNEL (Terminal deoxynucleotidyl

ransterase-mediated dUTP nick and labeling) staining on corneal button sections

from patients underecing PK tor advanced Acanthamoeba keratitis, they attributed the
( H : geng ;

Lkeratoes te loss 1o apoptosis in association with phagocytic activity of the parasite and
N\ . 3 D

NEeCrosls.

[.5.4.4 Atypical featurcs

. ati . AK cases IS [hOU’;_’h[ Lo hC d rare l-indil]‘._.’ iln(.l f\’]iL‘[z
] ¢ S ¢ ﬂn]:ll]ﬂn mn \[\ Ccases IS
( ll'il[]tl]()lﬂdlﬂu‘ I[lﬂdi

> first ones to document a case ol granulomatous
- 097) were the g
and lont (1
' ion in AK. They observed a granulomatous necrotizing stromal Keratitis
inflammation 1 A )

. od with a florid oranulomatous reaction in the anterior chamber along the
associated with ¢ nd g

D (s membrane. Granulomatous inflammation with multinucleated
ane of Descemecls -
planc of De:

| epitheloid histiocytes were noted in deep corneal stroma.  They were

ojant cells and ¢p

lain why oranulomatous reaction was conlined only to posterior corneal
plain why £

unable to explam Wiy e

{ . along the planc of Descemel’s membrane and in the anterior chamber.
stroma along
Granulomatous reaction has also been documented in the scleral nodules developed in
I ¢ §
paticnt  with ‘Jccmlhumucha sclerokeratitis (Key er al 1980).  The scleral
a patie i
inflammation 1in Acanthamocebd sclerokeratitis has been hypothesized to result either
Inrle c
from secondary imm.unologic phenomenon related to primary corneal infection or
Tom secondar)
fi direct scleral infection by organism from the cornea (Auran ef al 1987:. Garner
‘om direct sclere
11;)~ Key ef al (1980) were the first to demonstrate the presence of Acanthamoebu
93). Keye

cysts in the scleral biopsy-
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Garner (1993), based on results of a histopathological study of 30 cases off AK
= ‘ - : dses AN

emvisaged four stage pathogenetic sequence of events alter initial breaching of th
« < g ¢

epithelium by Acanthamoeha. They are:

Stage I: Initial infection: This involves breaching of the surface epithelium
At this stage. there 1s no inflammatory response. because according to many
reports intact amocbac do not induce inflammatory response.  Hence. at this

stage npsnni/uliun ol the parasite by antibody and complement must be

occurring.

Stage 11: Keratocyte depletion: In the second stage of the infection. keratoeyte

depletion 1s seen in anterior part o stroma.

Stage 1I1: [nflammatory response. The composition of the infiltrate 1s

]n-cduminzmll\' neutrophils with some macrophages.

Stage 1V: Stromual necrosis: Reduced  thickness of  stromal  collagen
ucmm]mnicd by acute inflammatory cell infiltration is observed. This 1s
attributed to lysis of stromal collagen by enzymes released by neutrophil and

other collagenolytic enzymes. There is minimal or no neutrophil infiltration in

gc.

=
fu

this sta

1.6 DIAGNOSIS
1.6.1 [In vivo methods

1.6.1.1 Clinical features

; : . o ! v el
Clinical symptoms and signs have been described in detail n section 1.3. Earliest
signs of AK are non-specific and not relied upon completely to make final diagnosis
of AK. though clinical features do give a clue and are used in conjunction with
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laboratory tindings. Severe ocular pain is well documented in AK and regarded as

most common initial clinical svmptom by some authors (Chynn er af 1993). Presence

of ring intiltrate in the stroma has been described as a hallmark of AK. Rine mfilrate

rarely may occur in other conditions such as bactertal corneal ulcers. but in the

appropriate clinical setting it is said to be pathognomonic for AK and thus offers
diqonostic clue (Theodore er al 1985). Chynn et al (1995) and Bacon er al (1993)

ested that radial keratoneuritis occurs frequently in cases with AK and can be

sugy

used as one of the criteria to diagnose AK. However, other authors have not found

this sign to be [requently present (Sharma ¢r «f 20002 Srinivasan er a/ 2003). Clinical
suspicion of AK in contact lens wearer is much higher than in patients who do not
wear contact lens. Thus. increased level of clinical suspicion is very crucial for the
diagnosis of A K. in non-contact lens wearers. Clinicians should avoid waiting for the
to appear and should initiate confirmatory diagnostic

~classic”™ clinical  s1gns

Y 2t ) OC
investigations (Schaumberg ¢/ al 1998).

A ¢ ol £ 1987) in their review article found that in many ol the AK cases. the
Auran ¢f ¢

o was bacterial. fungal or of viral etiology. hence the diagnosis

initial diagnosis mad )
- . of ays to 15 months. Also the initial treatment with
s . -~ 1TaNngee Ol l] dd}b ¢ g
was delayed in the rang
: o eoa] or antiviral agents in such cases showed initial improvement
antibacterial. antifunga
Similarly., HSV keratitis has been reported to be

but clouded the diagnosis further.

. annis ef al 1986). The other entity, most often
AT P . jany cases (Me 3
initial diagnosis mn 1
istal 7 bic infection. is fungal disease. Both fungal and amocbic keratitis
mistaken for amoe
: »qC .+ because of the similar stromal keratitis

‘ched from cach other _
cannot be distinguishe
‘o matter ¢ > chronicity of the disease. Sharma et al
i ? . with organic mattet and the ¢ \
history of trauma with Orge
cal suspicion in 45.4% AK cases was of

(2000) found that the most common chni
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fungal keratitis. The only bacterial pathogen producing a clinical picture that might

be confused with Adcanthamocha is the lesion produced by Vvcobacterivm spp

[ estons produced by Vhveobacterium, like Acanthamocba, are associated with soil

trauma to the exve (Mannis ¢/ «l 1986). Thus. clinically. AK has the potential to mimic

other forms of keratitis.

1.6.1.2 Confocal Microscopy

Confocal microscope has a simultancous focus of both the illuminating source and the

objective lens on @ single point of ussue. Both the itllumination source and the

objective have the same focal point and therefore 1t 1s called confocal microscope.

Pinpoint illumination and focus creates high resolution images and produces minute

ficld of view which is obviated by building a large image from the rapid summation

of many pinpoint fields of view acquired in an ordered gridlike manner (Winchester ¢/

al 1995). Tandem scanning confocal (TSC) microscope was first developed in 1964

| g Adravasky. As an ophthalmic imaging device the TSC
by Mojmir Petran and Milan Hadray asky. As an ophthalmic imaging device the TSC

microscope 18 effective in imaging the cornea. Cornea is a semi-transparent. low
contrast structure. The TSC microscope has the ability to create high resolution. high
contrast optical section of the corned in vitro. Confocal microscope also provides
optical section that can be stacked to build a three dimensional view (Winchester ¢t af
1995). Confocal microscope offers superior resolution and contrast compared to slit

lamp. It offers magnification of X200 to x500. optical sectioning of the cornea.
increased contrast and ability to se¢ through optical opacities (Chew et al 1992).
‘reased € d
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Scanthamocha evsts were visualized as highly refractile round bodies of 10-13pm in
diameter (Chew er al 1992) while Auran ¢r af (1994) observed a 26pum diameter
object resembling the Acanthamoeba cyvsts using confocal microscope. Winchester ¢r
al (1993) reported the use of confocal microscope on eight AK patients. wherein the

Cysis appeared spherical and the size ranged from 10-25pm in size. they were lareer

than lcukocytes and smaller than epithelial cells. Plister er al (1996) demonstrated.

apart from double walled cysts. trophozoites with their extending pscudopodia.

Confocal microscope  was tolerated by the patients  except that the  patients
experienced decreased vision In the examined eyve for 10 minutes due to the intensity

ol the microscope light source. I'here was no evidence of corneal trauma. such as

cpithelial abrasions in any of the patients. ['he disadvantages mainly include small eve

movement's interference with confocal microscopy mmaging. A moderate degree of
—- co-operation is required to keep the eye still for sometime. therefore. the
used on  children. debilitated patients and patients  with

procedure  cannot be

p S— 905).
avstaemus (Winchester ef gl 1993)

However. it has advantages in situations where obtaining adequate samples from
corneal scrapings or the more hazardous biopsy is difficult. Confocal microscopy
helps in rapid diagnosis therefore leads to early treatment and subsequent avoidance
of penetrating keratoplasty- [t 1s a non-invasive technique. hence can be performed
cven when there 18 fairly low index of suspicion for this disorder. It also helps in
atment and can keep check on recurrences (Winchester

. TS re
monitoring the response to 1

et al 1995).




1.6.2  In vitro methods

1.6.2.1 Smears and cultures

For the diagnosis of AKL only two specimen types are suitable a corneal scrape and a

corneal biopsy.  Scraped material 1s moculated over the agar plates for culture and

smears are made on glass slides for staining immediately  (Armstrong 2000).

[dentification of Acanthanocha organisms can be accomplished using several stains

like Gram. Giemsa (Culbertson 1961). calcolluor white stain (Wilhelmus er af 1986).

Funwitlora Y stain (Inouc ¢/ al 1999). lactophenol blue (Thomas ¢r af 1990) and

acridine oranee (Hahn ef ol 1998) to stain Acanthamoeba in the clinical specimens.

Although the {canthamoeba can grow (not as colonies) on chocolate and blood agar

it is preferable to grow it on non-nutrient agar (NNA) which is also called Page’s
agar. with overlay of bacterial cells. usually £ coli (Page 1967). NNA is used to give
support and minimize growth of toxic. competitive. or inedible bacteria on which the
trophozoites feed (Das 1974). Once inoculated with scraped material. the plates are
ineubated at 30°C for up o seven days and the plates are examined daily under low
power of the microscope: Trophozoites may be seen moving across the field of vision
lcaving tracks behind on lawn of E.coli on NNA plate (Armstrong 2000). Penland er
al (1998) comparcd the use of buffer charcoal-yeast extract agar (BCYE). NNA (with
dead £ coli) and Try‘ptic soy agar (with horse or sheep blood) for the growth of

found that the recovery rates were 73%. 71% and 70%

Acanthamoeba and

ver. NNA with a bacterial lawn was recommended as the method
ever.

respectively. How
Jeanthamoeba (Armstrong 2000).

of choice for the isolation ol




Acanthamocha culture has also been reported in Sorbarod filters. which consist of
compacted concertina of cellulose fibers encased in a cevlindrical paper sleeve
Sorbarod tilter enhances the growth ol Acanthamoeba by providing provision for a

wide surface area for the attachment of the amocba and the inter fiber spaces act as an

area for scavenging and multiplication of Acanthamocba. The cellulose fiber is not a

source of nutrition. but 1ts flaky and pitted nature provides large surface arca and

stimulates the growth and multiplication of Acanthamocba.  This method of biofilm

culture can be used for studies on anti-Acanthamoeba drug efficacy and analvsis of

protein profiles of Acanthamocha species (Armstrong 2000a).

1.6.2.2 Histopathologic examination

Histopathologic sections have been stained using hematoxylin and cosin. periodic

cid-Schiff, Wright's. (richrome. Fields’s stain. Heidenhain's iron hematoxylin-cosin.
(mmm_i_mclhcnaminc-si]\'cr. wilder's reticulum. Hemacolor and Bauer chromic acid
(cited in Auran ¢f al 1987). Also fluorescein-conjugated lectins. concanavalin A and
wheat germ agglutinin have been used 1o view Acanthamoeba cysts and trophozoites
in corneal button hislnpatlmlogic sections (Robin er al 1989).



Hivwatashy ez af (194 ‘
ata al (1997) developed 14 monoc 1bodi
noclonal antuibodies '
s (mAbs) against a strain of’
L. a strain ot
Acanthamocha castellanii isol: ‘
stellanii isolated from human corne: 1
cornea. Nine mAbs were specific [
Abs were specitic for
1 castellan strain while other five mAbs reacted with Acanthamocha spp. belongi
spp. belonging

to morphological Group 11 They utilized thes ibodi
gict . od these antibodies t
\ SC & s to detect Acanth
. amoeba

using 1FAL Western immunoblot analysis and slot blot analysis and highlighted tl
2 ghlighted the

probable value of this techniques and antibodies in detection of Acanthamoceba i
: ocha in

clinical specimens.

1.6.2.4 Molecular Methods

Both hybridization and amplification techniques have been used for the detection of
Acanthamoceha in clinical samples.  Gast ¢f al (1995) described the use of specific
probes based on the sequences of small ribosomal subunit RNA (srRNA) for the
identification of - canthamoebd. They suggested that these probes are promising new
diagnostic agents which can be used to detect Acanthamoeba in clinical samples and
from the environm en.. FISH (Fluorescent in situ hybridization) has been used for
uivocal identification of Acanthamoeba in clinical samples (Stothard er

rapid and uncq
p of GSP (Group specific probe) and ST4P (Sequence type

al 1999). FISH with hel
T4-specific probe) probes which complement 18S rDNA have been used by Stothard
all members of the genus Acanthamoeba. while ST4P is

el al (1999). GSP identifies
us group that is
que could detect Acanthamoeba in 12 (80%) of the 15

specific for the subgen most commonly identified in Acanthamoeba

keratitis infections. This techni
re positive with overall sensitivity of 88%.

samples, which were€ cultu

loped 2 novel reverse dot blot method for the detection of

Gast (2001) deve
e specific for the ribotypes described by

oli gonucleotid

Acanthamoeba wherein

;- ’ 1)
NS
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Stothard of «f (1998) were developed. They applied these probes in a reverse dot blot
- : ¢ ¥ Q

method format i.e. oligonucleotides bound to the membrane. Approximately 750bp of
t : ¢ h 5 0

» A ' " ' ) 3 " - . . )
18S rRNA gene was amplified from Acanthamoceba isolates and hybridized with

oligonucleotides hound to the membrane.  Considerably good results were obtained
- S amee

with this hybridization assay however the Iimitations of 1t being expensive and
' = . ¥ 8 G

cumbersome existed. siee this assay had be to be performed both under high and low

which made it time consuming and required fluorescent

stringency  condition

microscope which is expensive.

Polymerase (hain Reaction (PCR) is a molecular biological technique developed in
1983 by a team of scientists at Cetus Corporation. led by Kary Mullis (Mullis 1986)

PCR is an in vitro method for the enzyvmatic synthesis of specific DNA sequences

using (wo n]ignnuclculidc primers that hybridize to opposite strands and fank the
region of interest in target DNA. PCR technique imvolves series of cyeles: template
denaturation. primer annealing and the extension of the annealed primers with the
This results in exponential accumulation of the

help of DNA polymerasc enzyme.

specific fragment (Erlich 1992).

092) were the first to devise a PCR based assay for the detection of

Vodkin et al (1
s specific to 185 rDNA were selected which included

Acanthamoeba. TWO pl'imel' sel
one short target of 772bp which was 4 genus specific marker and a long target that
offered the promise for distingUiShi“g pathogen from non-pathogen. Apart from 185
as also been explored to develop a diagnostic marker.

IDNA. the 268 rRNA gene

Jon-radioactive DNA probe (ArDNA-a) complementary

Lai er al (1994) deve'oped a'l

as 126bp BamH1-Sst1 restriction fragment of 925bp 26S

to 26S rDNA. This probe W
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FDN A unit. which they used for detection of Acanthamoeba from the erude lysate of

its culture and proposed that it can be used for detecting Acanthamoeba in clinical

SpeCimens.

| chmann er al (1998) were the first ones to use PCR for the detection of

Acanthamocha n clinical samples. which included corneal scrapings. and tear

samples. PCR was carried out with two markers belonging to 185 rDNAL both the

primers scls Were gunus-spcclilc. Mathers ef af (2000) used three primer sets. which

were based on 188 rDNA for the detection of Acanthamoeba in the clinical samples

and also for the coniirmation ol their results obtained (rom confocal microscopy.

Usine PCR they confirmed the presence ol Acanthamoeba in cases. which were

positive by confocal microscopy and epithelial bropsy. Schroeder er al (2001) also

. . 3 i the deteet . .
developed primer patr called JDP1 and JDP2 for the detection of Acanthamoeba from

corneal scrapings. This primer pair amplified a subset of 188 rRNA gene and they
called it as ASA.SI (,lmmlnmmebu specific amplimer) amplimer. ASA.S1 amplimer
obtained from JOPI and JOP2 primers is highly genus specific and could be amplitied

from all the genotypes (bch[oudu et al 2001).

17 TAXONOMY AND CLASSIFICATION

e firel established in 1931, considerable
. Ap ynoeba Was first establi: 31. siderable
Although the genus Acanthe
f=) p o)
ation existed in the literature until recently.

: . . . . classific
confusion about IS taxonomic cle

; ., .
e enus ,sIccm!hamoefm in 1931. He divided the then
Volkonsky (1931) GSlabIIShLd the ¢

i e.. Hartmannella. Glaeseria and

. Jla i three genera
existing genus ch‘mmmn//u into

| I ted genus ,-1c'un!hanmelm since amoebae were characterized
Acanthapoehe. HeE Ereal

4t Mitosis and double walled cysts with ostioles

ted spindles

by the appearance of poin
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and an irregular outer layer (Volkonsky 1931). In 1932 Singh and in 1970 Singh and
Dias stated that classitication of amocebae by form. locomotion and appearance of cysts
has no phylogenetic value and the shape of mitotic spindle was nadequate as a

generie character and thus they discarded the genus Acanthamoceba.  NMeanwhile n

1966, Pussard agreed with Singh (1932) that spindle shape should not be used for

inter-veneric differentiation but considered the distinctive morphology of cyvst to be

decisive character at the generic level and recognized genus Acanthamocbha. In 1967,

Page also concluded that spindle was doubtful criterion for classification. but the

presence off acanthopodia and structure of the cyst was sulficiently distinctive and
concluded that generic designation off Hartmannella and Acanthamoceba are justified.

In 1975, Visvesvara and Balamuth identified definable and demonstrable differences

in the trophozoite and cyst stages of Acanthamoeba and Hartmannella including
¢l , : S = -

o stional requirement and scrological responses.  Singh and

differences in their nutritic

. Cnted the genus Acanthamoeba but placed in the family

Hanumaiah (1979) accepted g :
et (1975) created a new family Acanthamocebidae

_ . over and Griffin (1972 £ ¢

Heartmannellidae. Sawyer

esionated the sub-order Acanthpodina under the order

and Page (Boveel962) d

Amocbida.

On hol | iffcation of ,1L'unfhuf;mebu at the genus level 1s relatively clear.
n the whole. classtin=
exual organisni. (he concept of the species is unclear. Many
but since it is an asextah ==
d for the subgenus classification of Acanthamoeba. which
: . have been us€
approaches have beel

mainly include:

48



1.7.1  Morphological

In 1977, Pussard and Pons propose ificati
_ Pussard and Pons proposed the classification based on the morphology of

cvsts (Figure 1.70. They established 18 different species i ot
¢ \ ablished 18 different species in 3 distinet groups (Table

1.3)

Group Il Group llI

A castellunii A.culbertsoni

Group |

A astronyxis
1 comanodoni A.rinvsodes Arovirehba

A.echinulata A mauritaniensis A.palestinensis
A tubiashi A.divionensis Adenticulata
A.griffini A.pustulosa

A.polvphaga
A lugdunensis

Aquina

’/_,_,_,_’————J A triangularis

gical classification

Criteria for morpholo
This group members have large trophozoites and cysts and average diameter

Group I
o ectocyst and endocysts are widely separated and the

Th

of the cyst is 2 18um.
cctocyst is smooth or gently wrinkled. while the endocyst is more or less stellate and
ends of arms or rays. Operculum is normally at level of the

meets the ectocyst at the

ectocyst.

f the cyst in this group is 18um. The ectocyst and

Group [I: The mean diameter 0
endocyst are close together OF widely separated. Ectocyst may be thick or thin. and
usually is wrinkled of mamillated. Endocyst may be stellate, polygonal. triangular or
,4ccmthamoeba belonging to this group do not have well

sometimes round oOfF oval.

; ;s f I Y IR TR T -"',:v, i i I
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Chaprer T Introduction and literatre review

groups of Acantham oeba

Figure 1.7 Morphological

Courtesy Dr Yy Tomiyama (http://protist.i.hosei.ac.jp)



den L-ln]\ul dArms or ravs. ()]k‘l'L‘lllle I\ at the ‘illIlL‘li(H] of endocevst and cctoevst and is

in the depression formed by the infolding of the ectoeyst. Most widespread and

commonly 1solated Acanthamoceba belong to this group.

Crroup 111 In this group the mean diameter of the ¢vst is <I8um. Ectocyst is thin and

is cither gently rippled or unrippled.  ndocyst is usually round but has 3-5 gentle

COrners.

Morphological characteristics have been used carlier for classification but they vary in

their evolutionary rates and are subject to parallel and convergent evolution (Web
address 1), The systematic classification of Acanthanoeba based on cyst morphology
has been deemed ambiguous and vague. [t can define an isolate up to the genus level
bt varlatisng geeur I cvst forms within the species and a clonal population. This fact
makes classilication-1sing morphology a very subjective process. Also. this system
dises digy sl gcr1clic relationship between the strains (Pilar e al 2001). Sawyer
trength of the growth medium could alter the shape of

(1971) observed that the 10m¢ S
reducing the reliability of cyst morphology as a

the cyst walls. thus substantially

taxonomic characteristic.

. : ogical
1.7.2  Biochemical and jmmunologic:
| | groups have used analysis of isoenzyme electrophoretic
n last decade. severd :
and to test morphological classification.

T T [ -elationship
patterns to address inirageneric rei
- nd  good agreement between isoenzyme pattern and
oul =)

Moura er al (1992) f
and included only one Group 2

' but their study was Jimited
morphological groups:

whn
—
)



solate 1o 1 castellanin. Using esterase and acid phosphatase 1soenzymes pattern on

starch gel clectrophoresis. Costas and Grittiths (1986) divided 32 Acanthamoeba

strains into 12 croups.  These groups did not alwavs correspond with the species

desionation. De Jonckheere (1983) carried out isoelectric focussing for 30 strains of

Acanthamoeba belonging to different species.  He compared zymograms ol acid

phosphatase.  leucine aminopeptidase. malate dehvdrogenase. propionyl esterase,

- i ; 0 ase and alcohol dehvdroeenase. e
elucose phosphate isomerase, phosphoglucomutase and ¢ vdrogen: ¢

also analvzed pmlcin patterns scp;n';uud by agarose isoclectric focussing i a pH
o 2 «
lient of 5-8. The result suggested chanees in the taxonomy within the morphology
gradient ol 2-6. : L= =
: : yone (1977). The drawback of this method of classification
Grroup 2 of Pussard and Pons (
e oxisted within a species. so he suggested that neither
SRR EaHT ZV rms existed within ¢ gg
was that. different zymode
- - ql analysis should be used alone for subgenus
. , P— . morphologica A 0
iIsoenzyvme pattern not

s 1OR 3]
classilication (De Jonckheere 1985)

85 ried out extensive phylogenetic analysis of Acanthamoeba

Dagoett ¢ al (1985) cal
» . . - - ke . P a0 . = o . . . %

L ] - e clectrophoretic patterns ol 71 isolates. which included 13

hased on 1soenzyme

dentified 15 different lineages. but found inconsistencies

identified 1

different species. [hey

lincages had more than one¢ species in them and many of the
% : 15 hinee
since eight out of 15

~ - - - s 1 ') al al
ltiple lincages. Ihe quthors assumed this to be due to
y : od 1 mnu
species occurred 111

. qooe 5). Jacobson « '
Hological classification (Dagget el ul 1985). Je and band
. . - -nholo G
inconsistency in morp
ental isolates changed pattern when they are grown
ronmentat

, . envi
(1987) reported that the ¢l " PP
w : change car anges
Jaboratory condition, This type © g £
. 3 a [
axencially under the ‘ .
. , wee of the enzymes. This could be
posttranslanonal process 0
: L ecion OF
In gene expression Lassification Thus. each study classified isolates
ceed classificallont
e teqenzyme-base
r smatie fOr ]50(,1‘1[*.\ - z . :
Preblgmatic ¥ different oroups that often were Inconsistent with
.veral difel €
o sevele

of Acanthamoeba Mt
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canthamoceha isolates have also been used for typing (Visvesvara and
- =} . “ ol ¢ J1NC

Balamuth 1975: Stevens ef al 1977).

1.7.3  Mlolecular

In the 1960 many breakthrough ideas ol’ modern molecular biology were published
& SNCC

which included. the detailed composition or scquences of biomolccules like protein
: ¢

and DN AL This new knowledge was applied to determine the generic relationship and

evolutionary  lincages between  various  animal kingdoms and microorganisms

[Homologous molecules were discovered in different organisms. and the comparison

revealed that the basic biomolccular framework of all living things is the same: an

observation consistent with the very Darwinian notion that all life is. ultimately.
monophyletic. Typically. DNA sequences  are used to determine phylogenctic
relationship. for relatively recent events. Tor example. the human and chimpanzee
split. where protein sequences are (00 conserved to be useful. Protein sequences are
desirable for more an:ient events. for example. human divergence from insects, when
DNA sequences are usually 100 divergent to make accurate estimates on the basis of
patterns of nucleotide substitutions (Web address 1).

The mast useful single molBCllle- which has been used to classity and determine
_ v (rRNA). Evolutionary studies of the rR

. . . aosomal RNA (rRN of the rRNA
genetic relationships 15 ribos
caused lutjon among the phylogenists (Web address 2).  Ribosomes are
aused a revo utic

s, one large and one small. Each of the subunits is a complex

composed of two subuni
pe of RNA in

s ribosome is called ribosoms
Specmc ty mal RNA,

of RNA and prolcin. Ihe

N
(B
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AN C arvoltes. lll]d th\'C are
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designated by their size: 285 or 26S. 18S. 5.8S. and 5S. Of the ribosomal RNAs. tl
M D d NS l]c

RN . -
288 or 268, 385 ¢ 3¢ are I : . )
3,85 ane 38 are found in the large subunit and the 188 is found in th
S s o

5']]&1]' SU L . ~\ . / ~ -
l [ l] ]Il]l \l L e oc Ll l l] N A .

are shown in Figure 1.8 (web address 3).

['he RN A genes are ubiquitous and abundant in all active cells (Olsen and W
: sen ¢ oese

QO? : y :
1993). The genes for the rRNA precursor appear mn multiple copies and are organized
S ganized

in tandem arrays separated by non-transcribed spacers along the cukaryotic nucl
g ar) clear

genome.  Each repeating unit consists of three IRNA genes (18S. 5.8S and 28S
& . .00 28D 0Or

‘)( g . . M » avtierns . a1 g .
36S) and 1wo internal and one extern Wl transc or . .

) and two internal a1 d ribed spacers. Each of the 18S and 28S
or 268 rRNA genes are organized into several highly conserved cores interrupted by

variable divergent domains also called expansion segments.  The fundamental
importance of rRNA In protein synthesis imposes evolutionary constraints to its
overall structure (Melen et al 1999). Hence rRNA genes are conserved in structure
and function through billions of years hence called an ancient molecule. It changes
slowly enough 1o provide information Over the entire evolutionary spectrum. It has
also resisted “lateral transfer” of the genes between different species (web address 2)
served enough to identify and yet it contains enough variability to

Thus. rRNA 1s con
determine evolutionary rclationships (Web address 3) The conservation in secondary
basis of accurate alignment. Furthermore

structure of rRNA can help in providing a

le minimizes statistical fluctuations. Finally because it is

the large size of molecu
1ce TIRNA 8

le (web address 2).

enes. a large and continuously growing database

relatively easy to seque!

Using rRNA sequences it is

of published sequence

he historica

| branching order of the species. the total amount of

possible to estimate t
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sequence change and the “eenetic line™ of descent and hencee it 1s called the molecular
clock of evolution. The molecular clock hypothesis posits that a given biological
molecule exhibits a relatively constant rate of change over time. irrespective of the

taxonomic lincage within which it evolves (Zuckerkandl and Pauling 1965).

The total cellular DNA content of Acanthamoeba Nefl strain ranges between 1 1o 2 pg

for uninucleate amocbas although the ploidy fevelis uncertain. The size ot haploid

senome ol Jcanthamoeba has been estimated 1o be ~4-3 x 10 bp (Bvers 1986: Byers

et al 1990). In Acanthamoeba. the transcription unit of ribosomal RNA has been

dentified to be 12kbp in length. of which 9.7 kbp includes the external transcribed

spacer. internal rranscribed  spacers. 18S rDNA. 5.85 rDNA and 265 rDNA

SPAcCer. C .

(D" Alessio ef al 1987) The remaining 2.3 kbp is the intergenic spacer (Yang er al
Alessio ¢ .

1994).) \ppm\inmlclv 600 copies of the repeat unit are present in each

2 s 7l o 981).
Acanthamoeba cell (D Alessio er al 1981)

) >ne has been sequenccd in its entirety (GUndCl'Son
1 S IRN/\ ocne has b \
I'he .‘fL‘(H?[/RHJ?(){’/‘)H ]85 &

| ]98() 1]1([ its CO(lillL‘ SeqLICHCC IS 230317]) lOIlg (B_\Clb et al 1()()0)
and Sogin y) : e

I / he has the second largest 18S rRNA gene sequenced to date (Byers e al
Acanthamoend e .
]()()0) 18S RNA gCI‘lB seqUCnCes are highly conserved and have strong functional
C l‘ ' tk ind hcncé change slowly and reveal phylogenetic relationship between
onstraints

o (, ot al 1989). Therefore they are being used to determine the
-7 Q . ¥
praanms (081 till date sequences of all known

-flc'mﬂhamoeba and

taxonomic  status  of | |
Jlable in the pubhic databases (Gast et al 1996: Stothard
Acanthamoeba species are & il

¢l al 1998). At present sequencing of complete 188 TRNA gene 1s considered as mog
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subuniy(SSU) 1 '
SU7) ribonucleoproteins. Rns are the nuclear genes ¢ 1i
| s coding for 18S
. i S rRNA
d mn the ¢y asmic SS .
cytoplasmic §SU). while s arc mitochondrial genes cod
genes coding for S
g for 16S

rRNA i i '
A found m mitochondrial ssU. The total length of R
o ns sequence for

equence is 1578-1514bp (Byers e/ al

Ac i 5 5 .
anthamoeba 1s 1250-2650bp while that of s s

2001
). Recently the above have been explored to perform  genot i
4 yping of
The techniques mainly include Restriction fragment 1
ength

Acanthamoeba isolates.

) of the complete cellular DNA and mitochondrial DN
A.

polymorphism (RFLP
PCR-RFLP of

cing of the ribo

ribosomal nuclear or mitochondrial genes and
g an

Riboprinting or
somal nuclear or mitochondrial genes. All

CO 1> - 1
mplete or partial sequer
these . |
se recent molecular techniques which have been used f :
. or genotyping
or subgenu
s

bu, are described below:

Cl . . ~
assification of 4 canthamo¢

mitochondrial DNA

ribosomal

ut RFLP o

1.7.3.1 RFLP of the
canthamoeba which included

n 13 strains of 4

Byers ef al (1983) carried O
10 strains of A.ca.s'tellanit'. {two ofA.PU[)"Ph"ga and one of A.astronyxis. They found
g strains. which have been

diversity amon

relatively high deé
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il DNA fragment patterns obtained from 15 lcanih /
A amoeba  strains

Gaut ' O¢ ped 15
om e al (1994) tvped 15 Acanthamoeba clinical 1solates and co ]
s s and compared it to 25

L‘l]\'. N . .. 12 » ‘
ironmental isolates and 10 Acanthamoeba ATCC  strains. S
ains. Seven  differe
nt
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taxonomic relationships between Acanthamoeba isolates

1.7.3.2 RFLP of the wholc cell DNA

\]CI ¢ — ' - i | |
B dLl”hllI] ('[ Ll/ ( ] )88) ‘l Lllil ‘I M VA > 1 '0 Ir I(Y”?[h(””() )/ i
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RETLP on their total cellul
5.2 kilobase long A.caste

assification was in agreement with the

later hybridized with /lanii mitochondrial DNA probe. Th
. The

REFLP results revealed that this method of ¢l
previous classification methods like the ones based on isoenzyme pattern and
morphology of Jcanthamoebd: Kilvington ef al (1991) typed 33 Acanthamoceba
isolates belonging to Group 11 morphological group. Using this technique they
en multiple strains and three single-strain groups

differentiated these isolates into SV
ates grouped together in a single group.

and found that keratitis causing isol

he ribosomal nuclear genes

1.7.3.3 PCR-RFLP of t
)an]p“ﬁed ap

proximately 7.3 kilobases of 18S rDNA of 23

Chung er ol (1998)
gested them using 10 restriction enzymes

bsequently di

ates and U
sed and the dendrograms obtained were in

Acanthamoeba is0l
Fhe restriction pattern were analy
I FET! L [
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rDNA sequences. Kong and Chung (2002) used the similar strategy as aboy |
- AN Cdngd

bped 24 Acanthamoeba strains. however the numbers of restriction endonucl
ucleases

used by them were four instcad of ten.  They provided a scheme to classif
. : classify

Acanthamocha based on the restriction pattern in combination with morphological
ogica

features of evsts of Acanthamoceba. They believed this key or combination could t
- - y d be

used for subgenus classification of Acanthamoeba especially when large numbers of

clinical and environmental samples have to be typed. Khan and Paget (2002)

performed riboprinting for 8 known Acanthamoeba isolates (known species) and 16
unknown isolates from environment and clinical specimens. They partially amplitied
the 18S rRNA gene using the primers described by Gunderson and Sogin (1986) and

ampliﬁcd products with 8 restriction enzymes. The analysis of the

then digested the
ambiguities in the morphology-based classification

restriction pattern highlighted
Comparison of the restriction pattern ol known and unknown Acanthamoebu isolates
i clinical isolates either belonged to the species A.castellanii

revealed that all unknow

or A. polyphagd.

ochondrial genes

1.7.3.4 PCR-RFLP of the mit
e mitochondrial ribosomal gene from 25

d 1550 bp of th

Yu er al (1999) amplifie
Acanthamoeba strains and digCSth them with 8 restriction enzymes. They preferred
‘ amoce S

ecause of the fact that mitochondrial genes do not

. , , b
mitochondrial gene OV€! nuclear

ults obtain

bave h ed were in concurrence with classification based on
ave introns. The res
g of 18S rRNA gene (Chung er al 1998).

e one pased on riboprintin

morphology and th




1.7.3.5 Nucleotide sequence based methods

Johnson ¢f al (1990) were the first to use ribosomal nucleic acid sequences to

study the phy logeny of the genus Acanthamoeba.  The results obtained by

them were concordant with the morphological classification of Pussard and

Pons ( 1977) but their study included only a limited number of strains.

Gast ¢f al (1996) proposed four distinct sequence types based on analysis of

complete sequences of 18S rRNA gene from 18 Acanthamoeba strains.  They

were designated as sequence types T1-T4. T1 included A.castellanii VO06. T

2 included 1. pu/c.\'linwz.s'i.s' Reich. T3 included A.griffini S7. while T4. the
fourth sequence 1YPC included 15 isolates classified as Lcastellanii.
A.polyphagd. L riysodes and 10 other isolates of Acanthamoeba obtained
from keratitis paticnts. Interstrain differences between T4 was 0%-4.3%
e tvpes were 6%-12%.  They found that
whereas differences among sequence types Were 6 3 .
T4 has a worldwide distribution. since isolates from Asia. Europe and North
America belonged 10 this group. Data also indicated that T4 includes
¢
epresentatives of three different species A castellanii. A.polyphaga and
represente
[ rhvsodes These findings confirmed  the inconsistencies of the
Arhysodes.

icar ification.
morphologica: class

( 1 - ”

d 35 strains O

Stothard ¢t dl : .
£ Acanthamoeba making a total of 53

(1996). further sequence ) | :
6 species They identified eight additional lineage

U .3-\ling

strains represen
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sequence types 15-T120 Eight of 12 sequence types represented only a single

species. while other 4 included more than one nominal species suggesting that
saquence l'\]\L‘.\ L.'UUILI be ULIUL[IL‘Ll with .\']WL.‘CiC:-'. - S “i[h
complexes of closely related species in others. The largest complex sequence

type 14 contained 6 closely related species and 2425 isolates from Keratitis
patients. One cratitis causing isolate belonged 1o genotype 13, Six species.

which were included in the T4 sequence type. included A castellanii.

A polvphaga. rinsodes. A hatchetti. A culbertsoni and A lugdunensis. Fven

this classification  was insufficient for full phylogenetic resolution of

branching orders within the T4 sequence type but the mixing of species
observed at terminal nodes confirmed that traditional classification of 1solates

Wwalochnik ¢f al (2000) genotyped three AAcanthamaoceha strains

is inconsistent,
patients from Austria and found that two isolates

isolated from leratits

I cpe
senotype while.one belonged to T6 genotype.

belonged to the [4

another two genotypes T13 and T14 based on

Horn ef al (1999) P"OPOSCL[
complete sequences of 185 rRNA gene. “ach genotype consisted of one
Scanthamoebd strain cach and both isolates exhibited <92% sequence
imilarity to cach other and to other Jcanthamoeba isolates. Two years later
S arity

ignated two Jcanthamoeba strains 1solated from stool

Gast (2001) also des
T14 oenotype based on the complete sequence of 18S rRNA
specimens as g )
otypes showed 1% dissimilarity from the existing
e fwo ZEnOLYPEs -
gene.  The (WO £
i her genotypes.
| / e isolates pelonging to othel F
Acanthamoc .

Al
-~
)



A recent publication has examined the mitochondrial s sequences (Ledee er

al 2003). They analyzed complete s sequences | 16S rDNA) of 68 strains of

Acanthamocha. These included 335 unique sequences and represented 11 of 12

Rns genotype.  ns sequences also showed that mT4 is large ¢l il
. ’ ve clad. which

includes 32 different grains with 22 difterent, but closely related s

sequences. Clade was suppnr[cd by bootstrap values of 99%.  Sequence

dissimilarity within m’T4 genotype was 0.7%. It included 18 strains currently

classitied into 0 different species and 35 unclassitied strains. They sub-divided

the 14 genotype Into 8 subtypes and designated them from T4a 14h. and this

was done based on the high bootstrap values between the subtypes.  The

phylogeny hased on mitochondrial rns sequences was mostly consistent with

that observed with quclear Rns DNA. The exceptions being that. several mT4
(S .

strains with identical mitochondiral 16S rDNA sequences. had different
. (S .
nuclear sequences. The reason for this could be either of the below: faster
volution of quclear gENes over mitochondrial genes. which is not quite
ev . 2
- oiled out: true sexual process which occurs. followed
e .annot be ruled ¢
possible but cal
by a mitotic sorting out of mitochondria: or because of parasexual nuclear
Ly @XC > . absence of nuclear exchange. The
; : . exchange m the absel ange. The
e ee or cytoplasmit
process Ol cyt
- -« sequencing has OVer Rns sequencing 1s that the
. e ms _s(,quLllLl g
advantages which
drial gene ;s much shorter and more consistent in length. have a
mitochondrial & :
. of qlignable sequences and have none of the complications
higher percentage ©o ==
leles or INtrons which are occasionally found in Rns.
& :

caused by multiple al




>y . .
Partial sequencing of the 18S rRNA gene

DE3 fragment is part of ASAST amplimer of 185 rRNA gene and has been

used previously by few rescarchers 10 genotype Acanthamoceba isolates

(Schroeder ¢ al 20012 Booton et al 2002, De Jonckheere er al 2003)

Schroeder ef al (2001) used DIF3 o genotype 12 South African isolates and 6

corneal scrape specimens from Scotland. A total of 71 Acanthamocba strains
which included 53 {canthamocba strains belonging 1o the 12 genotypes

described by Srothard er af (1998) and the ones mentioned above. were used o

construct the tee. They found that using these sequences genotype T4 could
not be distinguishcd from the closely related T3 and T11 genotype. They also
found that the trees obtained were not as robust as those obtained with
complete sequence of 18S rDNA. Booton ¢/ al (2002) sequenced the same
(ragment of the 18S rRNA gene from 13 corneal scrapes obtained from
keratitis patients from Hong Kong. They were successful in genotyping the
icolates using this marker and highlighted the use of this diagnostic fragment
where axenisation of the culture 1s not prerequisite. De Jonckheere er al

A ) ',.f -med genotyping of the Acanthamoeba 1solates obtained
(2003) also pel orme

) of the keratitis

-
[4

patients. from their contact lens. contact

(rom infected corne
: ; i I3 fragment and found that all keratitis
line solutions using D ¢ Keratitis
lens boxes and saline

R .notype 14
causing isolates belonged 10 genotype

artial Rns (910-930 bp) and genotyped 14

(2002) ampliﬁed p
They grouped them as pathogenic and

Khan et dl

isolates of Acumlmmueha.
.. pased on osmotic tolerance. extracellular proteases and

nonpathogenie =

corneal epithelial cell line. They found that ten of

o effoc -abbit
cytopathic effect on ra




the fourteen Acanthamoceba isolates  were pathogenic and belonged to

T3, T4 and T11. It was for the first time that a Keratitis causing

genotype

{Canthamoceha isolate was designated to genotype T11.

3) genotype nvir ntal Acanthamoceba isolates base
o [lewett ¢f al (2003) genoty ped 6 environmental e ased

1473 bp of 18S rRNA gene and allocated them to a new genotype named
on : \ NA @

T15.

1.7.3.6 Random amplified polymorphic DNA (RAPD)

' ' »ha strains isolated fro
RAPD was used for genotyping 19 Adcanthamoeba strans isolated from Brazil
morphic pattern among mosl of the isolates.
L howed highly polymorpl
RAPD profiles show=d  highl)

Ithough fi losely related solates formed clades. They suggested that RAPD is
although few closell
technique but can only be used for gross characterization of new
fast and informative
' ‘ ssment of genetic relatedness between the isolates. When it
isolates and for assess
Jrecise o relationships. other techniques like sequencing of
ore |

comes o determining M

ribosomal DNA subunits should be pe

rformed (Alves ¢f al 2000).




CHAPTER 2: AIMS

2.1 Introduction

As seen from the literature review. to date AK has been described primarily from
developed countries with several studies suggesting solt contact lens wear as the

oreatest risk tactor. In contrast. the reports from India and other developing countries
are few and have mainly been in non-contact lens wearers. This low prevalence of

lcanthamocha keratitis in India has apparently been due to the belief that the discasce
is related mainly to contact lens wear - a factor usually absent in most cases of

keratitis from this part ol the world. and also because of the unavailability of simple
- itive diagnostic tools for its clinical detection. A consequence of this low
and sensitive dragnos

. aeceptance of Acanthamoeba as a pathogenic organism by
_ i . . <keptical acceptance of Ace 4 g )
reporting is the skeptice

| lical (raternity as well as the health authorities in India. Hence due to the above
e medical fraternity < ‘

; few centers in India who actually diagnose AK and cven fewer
lacts there are very 1€ '

Tk oAroiects 1n It
who take up rescarch projects

2.2 AIMS

2.2.1 Primary aims
: the epidemiological features and predisposing factors for
¢ To determine
-« matients in India.
{canthamoebd keratitis patients
linical features in non—contact lens associated Keratitis and
T - > clinice
o To document the
ity 1 . diagnosis of AK.
letermine its utility 10 the diagnc
detern z 3
ional microbiological techniques for diagnosis of AK.
ntione :

— A Y \,'C
I'o evaluate the con

<

. . oeers to aid rapid and accurate diagnosis
_ piaonostic marke
at diagn

To develop mo]CCU[

2

of AK.
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o lo determine taxonomic status of Acanthamoceba and perform sub-genus

classification using conventional morphological method and recent nucleotide

sequence based methods.

2.2.2  Sccondary aims

¢ lodetermine the minimum cysticidal concentrations for drugs commonh

used in the treatment of AK and compare their efficacy.

¢ To determine the histopathologic and immunohistochemical features of AK
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CHAPTER 3: EPIDEMIOLOGY, PREDISPOSING FACTORS,
CLINCIAL FEATURES AND TREATMENT OUTCOME IN

ACANTHAMOEBA KERATITIS PATIENTS

3.1 INTRODUCTION

Acanthamocha keratit's (AK) has now been reported from Europe (Bacon ¢f al 1993),

Asia (Houang ¢f af 2001). Australia (Gebauer ef al 1996). America (Stehr-Green e al

) . ‘ A~ . A N ol o P i ETE) N .
1989) and parts of Africa (Leck er al 2002). Studies have suggested that contact lens

wear is the leading risk factor for AK (Auran et al 1987: Stehr-Green er al 1989:
Bacon ef al 1993; Radford ¢t «l 1998). In contrast. the reports from [ndia (Davamani
« (i A o L% e

¢l al 1998 Sharma ¢f dl >()00: Srinivasann ¢/ ol 2003) and other developing countries
(Alves of af 2000: Xuguang et al 2003) arc few and have mainly been in non-contact
leris wearers. The prevalence of contact lens associated AK seems to be declining.
Radford ¢r al (2002) nave reported that there is reduction in the cases ol AK from
e ant in contact lens hygiene and widespread
1995 in UK mainly becatse of improvementin s
dissemination of scientific knowledge about AK in the public. There is no study
describing the prevalence of AK In India. although carlier report from this institute
scribing the ¢
estimated it to be 1-3% in keratitis patients (Sharma ef d! 2000}, Liwratore: focusing
on linical features of AK has been mainly from contact lens wearing keratitis
1¢ clinical features

i few reports describing the clinical

1985: Gehr-Green 1989) with few repol &

patients (Moore ¢/ al ‘
/ ¢l 2000; Srinivasan ¢/ al 2003). Hence

) cnts (Sharma €

picture of AK in Indian pat]tﬂts (
- . and clinical features of A

l knowledge about the epidemiology & 4 o L Ak

there is dearth of kKnowitse

patients from India.
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[his report highlights the epidemiological features. predisposing  lactors. clinical

features. and treatment outcome of AK patients diagnosed at the 1V Prasad Live

Institute (1.VPIED). a tertiary eye care center. located at Hyderabad. India. To the best

of our knowledge this is the largest series of human Acanthamoeba keratitis patients

ever reported in hiterature.

3.2 MATERIALS A™D METHODS

3.2.1 Patients

Patients who Pruscntcd o the Cornea Services of the LVPEL between January 1993

and December 2003 and who were subsequently diagnosed as having AK by culture

and or smear were included In this study. A total of 191 individuals were diagnosed
¢ S b
as AK amone the 8537 Leratitis patients seen during the period 1995-2003. However
as AK among the 02277 :

if 3 ,‘.‘,\.1-" » _" "\'\-- R s A
micdical records of 172 paticnts WeTe accessible to us and thus were reviewed for

demographic and clinical data.

3.2.2  Investigative procedures

The investigative procedures followed at [.VPEI are:
AL presentation. @ detailed history of the paticnt was recorded on a predesigned
cluded socio-denmgraphic information: duration of

. . This 1n
proforma (Appcndl.\ 1), Th
) i factors and prior therapy received. 1f any. and associated
Ssymptoms. predisposing s
disecases:

ocular and systemic

bi qed to @ 1horough ocular examination for size. location
The pé oy e then Su hjec
atients were

i Ta . arascope. In suspected cases
he ulcer using @ slit-lamp bromicH I pected cases
' 5 . 2 < i > L . &
and clinical features of the
owere collected by the ophthalmologist under

crapings -

eal scrapilie

of infectious keratitis. corn
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local anesthesia and pro

culture. Complete clinical and microbiological data was captured in the proforma f
£ a for

subscquent entry in the corneal ulcer database and the data was subsequently analyzed
b * N odlldl 459

using this database. [Further details on AK patients were also manually collected from

medical records of the patients.

3.3 RESULTS

3.3.1 Epidemiological Features
Ihe number of AK patients in
however the increase wWas parullcl (o number of keratitis patients seen during the same
period (Figure 3.1 and 3.2). The demographic features of patients with Alcanthamoeba

- . R o B - i B |
Keratitis are shown 1n 'ables 3.1 and 3.2.

] - Gender distribution of patients with AK (n=172)

Table 3
Male Female
Number % 95% ClI Number % 95% ClI
115 66.9 59.5-73.4 57 23 26.5-40.4
Table 3.2 : Ag¢ distribution of patients with AK (n=172)
o
Range (Years) Number % 95% CI Mean Age
0-20 22 12.8 8-18 )
__—'_________,_.—._______._,_.—-——'——""_
- 99 57.56 50-64.7 ]
- '_._-.—_.__._._____.__-——-—-'_
1180 43 25 19-31 i
g ________,__—__.___—-—-—-—-
s 51 8 4.65 2.2-9.0 ;
e8| =]
i Total 177 35 1yrs
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Amone the 8337 keratitis patients diagnosed at the LVPETL between January 1995 and

December 2003, 172 (2%) were diagnosed as AK. either proven by culture or smear

examination of the corneal scrapings. Among these paticnts 113 (66.9%) were males

3 I'he average age at presentation was 33,1

Sl : R s
and 57 (33.1%0) were females (ratio =1 )

vears and it raneed from. 2-70 years. A majority ol the affected individuals belonged

aay 2] Ly P
to the age eroup that ranged between 21 and 40 vears.

. . ge b . e grenoed. i arious occupations. which are listed 1
e affected individuals were engaged in variou I ¢ n

"D

l ilhll_‘ AU N

Table 3.3 : Occupational starus of patients with AK (n=172)

T —
Occupation Number % 95% CI
34.3 ]
Agriculture : ____L - 27.6-41.6
Manual labour -agriculture’___j?_____ 4-6 17-29.5
14. 9.9-20.6
Household work 25
Office 9 52 2.6-9.7
O
Unemployed 31 18 12.9-24 .4
I
= 9 5.2 2.6-9.7
Student . -

Ninety-cight patients (57%) were cngugcd in agricultural — related work or manual
= o] C e =
o . duration of symptoms in patients prior to their
labor.  Table 3.4 shows the dura )
presentation to the Corned services of [ VPEL  Thirty-eight patients (22%) were
= [e
ks of onsel of symptoms: the duration varied between

Ay ¥ . ¥ N 1 vee
examined within one o (WO W

] F) S (s 1 - N 270
1ts (51.2%) and > 1-2 months in 25 patients (14.3%).

tWo to four weeks in 88 patic!
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Fable 3.4: Duration of symptoms prior to presentation in AK patients
at LVPEI (n=172)

[‘ Duration Number % 95% ClI
Less than 1 week 9 5.2 2.6-97
1to 2 weeks 38 22 16.5-28.8
2 to 4 weeks 88 51.2 43.7-58.5
> 1to 2 months 25 14.3 9.9-20.6
> 2 to 3 months 9 5.2 2.6-9.7
> 3 months 3 1.7 0.3-5.2

An analvsis of the incidence of AK over an cight vear period (between 1996 and
2003) revealed that AK was prevalent in the summer (February to May) and monsoon

(June 1o September) while very lfew cases were reported in the winter (October to

January) as depicted in Figure 5.0

An analy is ol th 50C10 L‘Cl)l]()n]iC status of 172 pulicnl revealed that 122 (7[”/0) of the

AN AnNalvsis « (i 5

patient 1on-paying patients (salary less than Rs.1000/month) and the rest 30
dients were non-pdy s e . J

. 3 v 0 -
(299%) were paving (Table 3.3).

cconomic status of patients with AK (n=172)

Table 3.5 : Socio-
i Non-paying
Paying
% 950/0 Cl
95% ClI Number
Number %
2 71 63.7-77.2
22 7-36.2 12
20 2y

3.3.2 Predisposing Factors

i ted 1 IR 30 x 2

A hist f { injury to the affected eye was reported in 66 (38.5%) of 172
Istory of recent mjub

uma was 1ot identified in 7 (10.6%) patients.

l ; i tra
Patients. The object causing the e
A et (']'r}ble 3.0). Injury with plant or agriculture material led

mong the objects identilied tEERm ,
j | o T
{ juals. Seventeen patients (25.6%) complained of dust falling
0 AK in 23 (35%) individuals. »
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Seasonal variation in the prevalence of Acanthamoeba keratitis
The peaks indicate a higher prevalence in summer and monsoon season

Understanding Acanthamoeba keratitis in India: A microbiological, cellular and molecular approach
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into the eve.  Other objects responsible for injury were stones. cow horn/tail

chemicals and fingernail.  Apart from trauma nine patients (3.2%) gave history of

washing their face or eyes prior to the onsct of symptoms with previously stored

water.  Among the 172 individuals with AK. only one patient was a contact lens

wearer (0.6 ) while other 171 had never worn contact lenses.

One patient had undergone cataract SUrgery one month before onset of symptoms in
the affected eve: while another patient developed AK in the eve in which penetrating
Keratoplasty was pcrlin-mcd for corncal  dystrophy. One patient was
immunocompromised since the patient was positive for both HIV and HBsAg. while
another patient was only [1BsAg positive. Another patient had a history of ocular

albinism from childhood.

Table 3.6 : Risk factors identified in patients with AK (n=76)

L Risk factor Number % 95% ClI
(i) Trauma 66 86.8 77.2-92 8
34.8
Plant / agriculture 23 24 4-46.9
.
Dust 17 25.7 16.6-37.5
-__Stone 2 3 0.2-11
Animal i 10.6 4.9-20.6
J.-____.—————
M/—/"/——‘—_L—' e 2.9-16.9
5 75 55
| Human(ral) | e
Unkno 7 10.6 4.9-206
| Unoon
i 9 11.8 F
(i) Washing eyes with storedwater | 7 = 6.1-21.2
1 : 0-7.7
(iii) Contact lens wea. e
76 44.1 36.9-51.6

row L



[hus. based on the medical records of the patients with AK. risk factors could be

associated only in 76 indiy iduals (44.1%). The majority of the patients 96 (33.8%)

were not aware of the exact mode of infection.

Ihe median interval between onset of symptoms and diagnosis was 28.3 days (range 4

o 150 Davs). One hundred and twenty two (71%) of the patients had already been

treated for keratitis with antibacterial. antifungal. or antiviral drugs cither alone or in

combination. prior to\ isiting our center ( [able 3.7).

Table 3.7 : Treatment received by AK patients prior to presentation
at LVPEI (n=122)

D Drugs (in combination)
ru F——
(Alor?es) No +AB No. +AF No. +AV No. +St.No. |AB+AF+AV
- - - 6
AB 46 .
iy —_._.__._-—_._.— -
AF 17 22 : -
—.__.__'_'__.__.__ - -
AV 10 12 1
-——'_.—._.__._—._— = =
St 1 1 2 1
_.__'_.__.__.__.__._ - -
AA - - '
° al. AV:Antiviral: St Steroid: AA: Anti-Acanthamoeba

AR: Antibacterial: Al Antifung

3.3.3  Clinical Features
\I1 oot  with redness. watering and decrease i VIsion. Severe pain was
All patients presented W

| [ the patients Various clinical signs noted in our patients are
noted in 17 (9.9%) 0 > Pe o

shown in Table 3.8.

;i ded in 133 (89%) of the patients. Radial keratoneuritis.
“pithelial defect was reeoras
: o el ol is of AK was seen in only in
hi | as specific sieh for the diagnosts ‘ ’
s been descl | |
1o was observed in all patients
27 Anterior stromal infiltrate Wes !
27 (15.7%) of the patients.




Tuble 3.8 : Clinical signs in patients with Acanthamoeba keratitis (n= 172 )

Clinical signs Number % 95% ClI
Epithelal defect 153 89 833-928
Radial keratoneuritis 27 15.7 10 9-21 9
Endothelal plaque 3 1.75 0.3-5.2
Hypopyon 90 52.3 44.8-59 6
Deep vascularnzation 84 48.8 41 4-56.2
Limbitis 40 252 17.5-30 1
Sclerntis 18 10.5 6 5-16
Corneal sensation decrease 24 14 9.6-19.9
Dendrite 3 LY 0.3-52
Severe pain 17 20 6.1-15.3

Table 3.9: Type of infiltrate seen in AK patients (n=172")

o 0
Type of infiltrate Number %o 95% ClI
i 43.6 36.4-51
Ring infiltrate 75
14 9.5-19.9
Satellite infiltrate 24
o 73 42.6 35.3-49.9
Diffuse infiltrate‘/—”J

-AaCe S ' ~orneal scar ine infiltrate was the pl""Sl‘I]li]‘lU
-X 5 \‘llh d LO]I1LL1| scar. R.ll]L
AL !])[ one \\‘h{) ]‘)I'CSL‘I“L‘LI 1o L \

y -),I JIO T PR
“iL’n I 7—'\ 4—’ (”’) Hl[L”ilC inﬁ“]'ﬁue was seen n 2 (1 A)) and dIHUSL lnjl][lcl[L was
- n - ( J.070). Sd >
L ) 'f T l!, C —; ; ¢ I]d ]:iul.“-e .J.4 ).
]‘WC()]‘dcd in .'3 ( _.6%) Of" T.h(f paIl"mS ( I‘- l(- Ja B

90 (52.3%) had anterior chamber reaction with

More than half of the patients 1-€-
Three patients (

while in another 3 (1.74%) patients

1 74%) presented with dendritiform

hypopyon from trace to 6.5 M

i a0 Y iral keratitis.
epithelial Jesion mimicking viral K
. snsation was recorded 1n 24
endot) ported Decreased corneal sensatic e n 24
‘Ndothelial plagues were € '

N . ) infe -) . SO 2 : =
(1 iy the course of Acanthamoc ha infection, some ol the

4%) of ants,  Laterd
ol the patients. 1<




| Ring shaped infiltrate with hypopyon
C = Kl e

e cornea under

lit lamp photographs of th

Fignet 3:4:5 aptical section
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patients developed complication wherein limbus and sclera got involved.  Scleral

nodule developed in 18 (10.3%0) of the paticnts. while limbal involvement was

recorded in 40 (23.2%) of the patients. In course of the treatment. deep

vascularization was recorded in almost half of the paticnts 84 (48.8%0).

3.3.4 Treatment

3.3.4.1 Medical treatment

Once the diagnosis was established by microbiological investigations the treatment

was started with a combination of polyhexamethylene biguanide 0.02% (PHMB.

Table 3.10: Treatment receeived by AK patients at L VPEI (n=172)

Drug Number Y% 95, C1
PHMB + CHx 88 51.2 44.9-57.3
EIMB +CHx + KTZ 22 12.8 8.5-18.6
PHMB + CHx + AB 10 5.8 3-10.5
PHMB + CHx + Steroid 10 5.8 3-10.5
PHMB + CHx + AF 2 1.2 0.05-4.4
PHMB + Clix + Brolene 3 1.7 0.3-5.2
PHMIB + CHy + Neosporin/ Pl 5 2.9 1-6.8
PHIME + Brofenc + Neosporin 24 14 9.5-19.9
T'lxnt Brolene + Neosporin 2 1.2 0.05-4.4
CHx + Brolene + KTZ/ltraconazole 4 2.3 0.7-6
Ciplox 1 0.6 0-35
Neosporin . 06 0-3.5

(Hy: Chlorhexidine: KTZ: Ketoconazole

PHMB: Polvhevamethylene biguunide.' ‘
Polvhexamerd Pl Povidone lodine

AB: dmtibacterial: AF: ‘.r[,;/(fémgals.‘

Bacquasil. IC1. USA) and chlorhexidine digluconate 0.02% (Chx. Sigma, C-9394) in

sil. ICI,

140 patj g1 4%). Among these 140 patients. 88 (51.2%) were treated only with
patients (81.470).

«. while other 50 were treated with a combination

the combination of pPHMB and CH







of PHNIB - CHx. along with either anti-bacterials (32) like ciprofloxacin, ofloxacin.

Ketoconazole (K17) ete: or anti-fungals (2) like natamycein: or anti-Acanthamocbu

3:10)

drugs (8) like brolene. neosporin. povidone-iodine: steroids in 10 cases (Table
I'he other 30 patients were treated with a combination of drugs like PHMB. Brolene.

ncosporin, CHx. K17 and itraconazole.  While one patient was prescribed only

ciprofloxacin and another 1 patient was treated with neosporin alone.

3.3.4.2 Surgical trea.ment

. ; . sz ) QU atastE  Tha SiEeime
Surglcul procedures were pcriormcd in 33 (30.8%) paticnts. The surgical procedures

performed on the patients included: therapeutic penetrating keratoplasty (Th PK) in

200 patients (11.6%). ¢ isceration in 12 (7%). cataract surgery in 8 (4.6%).
tarsorrhaphy in 2 (1.2%). supcrﬁciu[ keratectomy in 1 (0.6%). tissue adhesive (n-butyl
Cynoacrylate tissue adhesive (TA) application with bandage contact lens (BCL) in 17
as performed in 6 (3.5%) of the patients (Table

(9.99%) and optical keratoplasty W

3,111

3.3.5 Treatment outcome
‘ e 1ente resolved following medical treatment in 117
Of the 172 AK .« corneal infiltrate res
1 172 AK patients. €€
(68%) pati Ni tients among these underwent optical PK for improvement in
7v) patients, Nme pe : £

st to follow up and on the last day of follow up. still

Vision. Twenty patients Were lo
) i et nt and were advised to
had actjve | -« Three patients worsened with treatment ¢ :
dad-active keratitis. -

<ty they I'CI‘LISCd Hl'ld later were lost to
. — EOPlabl,\ bLl[ )
ating kera

Undergo therapeutic penetr

follow up (Table 3.12)-



Table 3.11 : Surgical intervention in AK patients in the study (n=172)

Surgery Number Yo 95% Cl1
Iherapeutic PR I ! 1-6 8
Opucal PK 3 2.9 48-133
Fyisceration Y 5.2 26-97
A + BC] 10 5.8 3-105
| arsography ] 0.6 0-3.5
_(_)[_ﬁliczll PK - Cataract 4 2.3 07-6
Therapeutic PR+ Cataract 2 |2 0.05-4.4
L BCT - Cataract I 0.6 0-3.5
LH( |- Therapeutic PK 2 fn2 0.05-4.4
herapeatic PR+ Evisceration 0.6 0-3.5
TA+ BCL + Evisceration 2 1.2 0.05-4.4
Superficial keratectomy = TA + BCL ! 0.6 0-3.5
M(m[u p]I\-i“‘w”“"’“-‘ FC AR | 0.6 0-35
Total 53 30.8 24.3-38

PK Penctrating keratoplasiy. IR

Among the 20 patients who underwet

had a clear graft and
failed and in another four th

Table 3.12 :

their vision improved. while n

Treatment oufcome

Tissue adhesive: BCL Bandage contact lens

¢ oraft was either edematous or ect

1t therapeutic keratoplasty. only 4 (20%) patients

other 12 patients (60%) the graft

actic (Table 3.13).

in AK patients (n=172)

LTEL Last (o follow il PR /’(’HLJH-(I.’."H_Q

rx/_”’/— X K/ 95% CI
L Qutcome Number X
68.02 60.7-74.5
RCSO]\'Cd keratitis 117 3]
-TFY 23 13.4 9-19.3
______—__________,____________
L ' 20 11.6 7.5-17.3
erapeutic PK 2

e 12 1 3.9-11.9
“Visceration 2

keratoplasty




Table 3.13 : Outcome of Therapeutic PK in AK patients (n=20)

Outcome Number % 95% CI

Clear graft 4 20 74-421
Failed graft 12 60 386-78.1
_EdematOUS graft 3 19 4.3-36.8
| Ectactic graft 1 5 0-254

34 DISCUSSION

Corneal uleeration is a worldwide cause of monocular blindness and surprisingly

there are only few studies evaluating the ctiological factors predisposing a population

to the corneal infection (D1 Bisceglic e al 1987: Upadhyay er al 1991). Gonzales ¢f

al (1996) reported the incidence ol corneal infection in Madurai. south India to be

F1.3 per 10 000 pnpuiuliun which is at least 10 times higher than the incidence

reported from the US (i ¢f al 1993). The cepidemiological pattern ol corneal

ulceration varies significantly from country (0 country and even from region 1o

region,  Thus. in order o develop a comprehensive strategy for the diagnosis.

ll'L‘il[]]]L‘]][ 'lI'lLl llllil'['l'[[--]\' “1[' [l]C ]'H'L‘\'Cllliﬂl'l 0[‘ the CUI'I]CEI] mnfections. the [')'d[h()f_._’LlllL
s dbeth)
be known (S['il]i\’ilSilﬂ el al ]90 / )

organisms causing the ulceration should

Acanthamoeba keratitis has been described primarily from developed countries with
several studies suggesting soft contact lens wear as the greatest risk factor (Stehr-
_— AT s I dia and other
Green ¢r ¢/ 1987: Radford ¢f al 2002). In contrast. the reports from In

dcvu!()ping countries are few and have mainly been in non-contact lens wearers
Wherein the prevalence of AK was estimated 10 be 1-3% In keratitis patients
(Davamani ¢r al 1990: Sharma et al 2000:). This low incidence of Acanthamoeba
Keratitis has apparently heen due to the belief that the disease 18 related mainly to

B S






paticnts were treated with anti-bacterial. antifungal, antiviral drugs and in some cascs

steroids alone or in conbination with antimicrobial agents was preseribed.

[ he m;tin]‘ll_\ of the Pii[iun[_\ (35.8%0) were not aware of the exact mode of afection.

Risk factors could be established in only 44.1% of the patients. which included

trauma 1o the cornea in 38.3%. washing cyes with stored water in 5.2% and contact

lens wear in | paticnt (0.6%o). To the best of our knowledge. on literature survey we

found that only 13 rescarch articles describing 243 AK patients have been published

from India (refer Table 1.2). Among these only three AK patients were contact lens

wearer (Srinjvasan 1993: Singh ¢ ol 1994: Sharma ¢r al 2003). Thus. neither the
mode of injury nor the patient's occupation. nor the clinical history of the cases gave
any suggeestion that any of this information could be used as an index of suspicion for

—_
f =

AK.

The clinical picture of AK patients in this study did not offer any particular clues for
diagnosis. Radial keratoneuritis. considered specific for AK (Bacon ¢/ al 1993) was
Present only in 27 cases (15.7%). l[imiting the potcntial to usc this clinical feature for
the diagnosis of AK. Seventeen patients (9.9%) of the patients in our series
complained of severe pain that Was disproportionate (o (he size of ulcer. Severe pain
itial clinical symptom in AK cases, but this was not

IS regarded as the most commor in
arma ¢l al 2000). The hallmark of

found by us and others (Srinivasan ¢/ al 2002; Sh
' idere ic for AK

AK is presence of ring infiltrat® and its presence 1S considered pathognomonic for
s 1 A7 [0 iy o
(Tht‘()dore el al ]985). We l'ound that ]‘ing inﬂltmte was pl'CbLlll in 43.6 /U.Of .th
Paticnts, Perry er af (1995) repm‘lcd that signiﬁcanlly decreased corneal sensation 1s @
| herefore physicians should consider AK as an

“‘Cquem finding in carly AK and t
o ///
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[hirts one (18%0) of the patients. categorized as un-employed. were not doing regular

jobs and belonged to lower cocio-cconomic strata of the society. Similar results have

also been reported by Srinivasan ¢ «al (1997) from Madurai. south India and

Upadhyvay er af (1991) from Nepal in microbial keratitis patients. We found that AK

was more prevalent inowarmer W cather i.e. summer and monsoon seasons rather than

winter scason.  Similar association of AR with warmer weather was evidenced by

Kvle and Noblet (1986). Shortage of water I summer may lead to usage ol

contaminated water ¢1d rainy scason may also cause contamination of unprotected

water.

88 (51.2%) of our patients presented to our institute

Of importance is the (act that
after 14-28 davs after the start of the ocular symptoms. while only 3% presented to us

This might be due to the fact that this Institute is

within the first week of their illness.
a tertiary eve care center: where in many of the patients are referred from rural eye

care primary centers and other nphthulmo]ogisls running private clinics in rural
centers. Also. of noie is the fact. that 71% of the paticnts before presenting o us
consulted a healthcare prm'idcr of some kind and were prcscribcd medication.
Among 122 patients who received treatment prior to presentation at LVPEI only three

(2.5%) were previously ireated for AK and specific anti-Acanthamoeba drugs were
started for them. This fact is ol concern and highlights the ignorance of eye care
em. s fact I
Practitioners in rural arcas about Acum/nmnw/m as an etiology for keratitis. However,
o C C [@ N

' - ~linical featur ween keratitis of varied
this rlap of clinical features betwee

s could also be due to OV€ p
o1 - 1 viral and also because of relatively high
Cliologies i ial. fungal and viral an

gies like bactenal. g

g - (Qripivasan ¢ 1997). Remaining 119
Prevalence (50%) of fungal keratitis 1M India (Srinivasan et al ) ‘ g

e



patients were treate ith anti-bacteri i ivi
ore treated with anti-bacterial. antifungal. antiviral drugs and in some cases

steroids ¢ Corin ¢ mnati i mi i
ids alone or in combination with antimicrobial agents was prescribed

Ihe major ' ' 33
a10 \ . ¥ % @ Y0 P 7 a1 i ¥k ¢
jority of the patients (35.8%0) were not aware of the exacl mode of infection,

Risk factors ¢ + establis ' ' '
. factors could be established only 44.1% of the patients. which included

[[., ) R 2 . - . - - R E 2 = =
auma to the cornea in 38.3%. washing eyes with stored water in 3.2% and contact

ns wear in 1 patient (0.6%). To the best of our knowledge. on literature survey we

found that only 13 rescarch articles describing 243 AK patients have been published

from India (refer Table 1.2). Among (hese only three AK patients were contact lens

wearer (Srinivasan 1993: Singh et al 1994: Sharma ¢ al 2003). Thus. neither the

mode of injury nor the pulicnl's occupation. nor the clinical history of the cases gave

any suggestion that any of this information could be used as an index of suspicion for

AK.

The clinical picture of AK patients in this study did not offer any particular clues for
diagnosis. Radial kcmloncuritis. considered specific for AK (Bacon el al 1993) was
present only in 27 cases (15.7%)- limiting the potential to use this clinical fcature for
the diagnosis of AK. Geventeen patients (9.9%) of the patients in our series
complained of severe pain that was disproportionate to the size of ulcer. Severe pain
is regarded as the most common initial clinical symptom in AK cases, but this was not

found by us and others (Srinivasan of al 2002; Sharma ¢
AK is presence of ring filtrate and its presence 1S considered pathognomonic for AK
(Theodore ¢f al 1983). we found that ring infiltrate was present in 43.6% of the
Patients, Perry ef af (1 995) reported that signiﬁcamly Jecreased corneal sensation 1S @
ans should consider AK as an

AK and therefore physicl

freare - . .
Cquent finding m early

¢ al 2000). The hallmark ol



alternative diagnosis in patients with presumed HSV keratitis with decreased corneal
sensation. In contrast 1o the above. we found that there was decrease in corneal
sensation in very few patients and this cannot be used as a diagnostic criteria. Of note

IS presence of deep vascularization in almost 50% of the patients though this was not

present at the time of presentation.

[he final visual outcome. as measured by resolution of the infiltrate and healing of the

ulcer. was achieved in 118 (68.6%) of the patients. We used combination of PHMB

and ClHx in 140 patients (81%). Usec ol combination ol two cationic antiseptics 1.c..

PHNMEB and ClHx is not common sinee both of them belong to same group of drugs.

They are usually used in combination with either diamidine derivatives or anti-

bacterial drugs. Combination of Pl IMB and CHyx was first used by Tirado-Angel er al

(1996) and they found them o have synergistic actvity. Therapeutic penctrating
keratoplasty was pcr]hrmcd in 20 patients. with little success since graft survival was
achieved in only 4 (20%) ol the patients. Similar results were obtained by Cohen ¢ al
ever [llingworth ef al (1995) had got encouraging

(1987) and Ficker et al (1993). how
results with PK.

- . be strongly suspected based on the
Brady and Cohen (1990) suggested that AK could gly
L oeularly in the presence of
; E o id v/ . and s1gns pall]utlm A
Presence of characteristics symptoms  d g
: of characteristits .
e who are contact lens wearers.
dppropriate risk factors I'his holds true for the patients who ¢
ate risk factors. :
- ; c .ontrast. in non-contact lens
Where . hioh level ol suspicion of AK. In contre
in there is high 16 B
ched |  of the patients. clinical
Weag ] he risk factors are not cstabllshcd in most 0 pe
arers. where the risk 1acsm:

[Qélturcs are often not suggcslivc of AK.



Lo summarize. among the AK patients. males were more predominant.  The most

common profession of the patients was related to agriculture and they belonged to

lower socio-cconomic strata. Of interest was the fact that incidence of AK in winter

was mimmal. Fxcept once. all patient were non-contact lens wearers and risk tactors

could be established n less than half of the patents. Clinical features observed in

patients were not p;uhngnnmnnic for AK and could not offer much to clinch the

di;lgnnsig\



CHAPTER 4: DIAGNOSIS OF ACANTHAMOEBA KERATITIS
USING CONVENTIONAL MICROBIOLOGICAL TECHNIQUES

AND ANTI-AMOEBIC DRUG SUSCEPTIBILITY TEST

4L 1TINTRODUCTION
AN 1s a potentially blinding corneal infection that is often misdiagnosed (Chynn ¢r al

1995)  |arls detection and diagnosis is critical to the outcome of the clinical course

of AK (Marciano-Cabral and Cabral 2003). The diagnosis of AK is high on the

differential diagnosis in contact lens wearers and therefore patients are diagnosed

carly (Bacon ef «f 1993). However. in non-contact lens wearers the diagnosis of AK 1s

not casy. and often delayed (Chynn ¢/ 4l 1995). This is mainly because AK may
. . ~ * - at o F - 0/ > 4

Mimic other forms of keratitis: @ previous study from India reported that 45.4% of AK
- RTITT | [ n————, o) ; ale s A ;

had been misdiagnosed as fungal Kkeratius (Sharma er al 2000). and also the fact that

risk factors for non contact lens associated AK are variable. A definitive diagnosis ol
AK cannot be made based only on clinical leatures but have to be done n conjunction
C (& i

with laboratory tests. Chynn ¢/ al (1995) attributed worse outcome in non contact

< ¢ 5 CSIs. 1)

lens associated AK patients mainly duc to the diagnostic delay. Confirmed diagnosis
(oIS Bt pa C(. .1 ‘ . ¢ -

of AK is extremely important since the treatment and therapy of AK is specetfic.
: S extreme , :

. . > cornea.
Prolonged and might be toxic 10 the cornes

' -opriate i- Acanthamoeba drug therapy 1S
Once ' o is achieved. applopnatt anti-Acant
¢ the diagnosis 1s achic
apy of AK continue e forthcoming from
Cqui ; -hemotherapy of AK continue to b L.
required. Novel : -aaches to thmolhuc 3
. Novel approacht-
i 1 I ' anti-fungal
time 1o 1 @) he vyears. & mu]titudc of antiseptic. antibacterial and ant oS
C Lo time. Over the yedi»- ¢
icl f 1 hicidal efficacy
d]‘ug‘i ha b ied for their Ell‘lli*C\-’S[]CldEll and trophozoite amoel y
s have been (r1e J
wnd in vitro. The use of the

©f ' esults 1 in Vive @
(refer section 1.4) w'th variable results botl

wment of carly cases of AK and has been very
ree 3

b'guanidcs has revolutionized the t




successiul for patic o baE
ful for patients presenting within cight w ceks of start of initial symptoms (Scal
L . al sy s (Sea

~ -
._“”"' 1o 1 » 1 » 3 -
~ Biguanides like Clx and PHMB have been used in combination with

diamidine gr “drugs like pr 1di idi
ine croup of drugs like propamidine and hexamidine with considerable success

(Larkin ef af 1992: Duguid er al 1997: Seal 2003).

['he objectives of this study were:

. To evaluate the conventional microbiological techniques for the diagnosis of

AK.

[0 compare the censitivity of smear oxamination with culture technique for

the detection of Acanthamoeba in corncal scrapings.

; vitro drug susceptibility test and compare minimum cvsticial

)

To perform
pIIMB. CHx and Propamidine on Acanthamoeba

concentrations (MCCs) ol

strains isolated from corneal scrapings.

42 MATERIALS AND METHODS

4.2.1  Patients
Microbioloey records were reviewed for a total of 172 patients who were diagnosed
as AK based on smear and/or culture results.

4 : , erapi

2.2 Collection of corneal scrapings

Using standard techniques (J0¢3 ef al 1981) corneal scrapings Were obtained in the
alc a cC o e

clinic using sterile blade no 15 on Bard parker handle by ophthalmologists with the

. s = G -

" ) O QF ~Arnea was .)‘,,

ad of gy lamp hiomicroscope (Figure 4.1a). In all cases the corncd vas topically
= —lc .

e hydrochlmﬂdc).

; : hetic (4% Lignocain
Naesthetized prior 10 scraping with topical anesthetic (4% Lig
Ser 1 the base and edge of the ulcer.

apings were taken {ro1




tograph of collection of corneal

A = Slit lamp pho
no.15 on Bard parker handle

scrapings using blade

s =

containing media, slides, blades,
OH+CFW reagent etc

5 oo
‘

B= Laborator’y tray
pencil, K

Figure 4.1: Collection of corneal scrapings
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4'2." N . . . . i - - .
3 Conventional microbiological techniques
Multiple scrapi T '

liple scrapings from the base and cdge of the ulcer were taken and placed on

ass slides for staining and inoculated on an array of media for culure

presterilized 4
(lable 4.1, Fieure 4.1b).

Table 4.1: Staining techniques and culture media used for the diagnosis
of non-viral keratitis including AK

Detection/growth of microorganisms

Smear and culture

Staining techniques

KOH'CFW ['ungus: Acanthamoeba

Bacteria: Fungus: Acanthamoeba

Giram stain

Cikitisa Cellular profile:Bacteria:Fungus:Adcanthamocbua

Culture Media

Bacteria: Fungus: Acanthamoeba

Blood agar - acrobic

Blood avar - anacrobic Anacrobic bacteria

Clineolaie st Bacteria: Fungus: Acanthamoeba
. . 3 o . r - ).lz . .‘ u S

Brain heart infusion broth Bacteria: Fungu

Ihioglycate broth

Anacrobic bacteria

Acanth mmoebha

Non-nutrient agar

1 ; = P g 1S

Sabourauds' dextrosc agat Fungt
‘ungus

Potato dextrose agar FFung

: . - microscopic evaluation of corneal scrapings. Gram
As part 1o 4 protocol for MICrose 0
ol standard proto
and (i bl were pcr]‘ormcd and observed under bright tield microscope.
jlemsa stainings Vv :
one drop of 10% KOH and one drop of 0.1%

while for KOH/CFW staining.

calcof] ' USA (CFW) with 0.1% Evans blue solution was added onto

alcofluor white-sigma. -+

ko | covership was placed on it and observed under fluorescence
¢ corneal scrape and COVEY

CFW sec Appendi.\' 2k

Microscope (for preparation o



at 37°C. Blood agar '
: od age ates were incubate 1
d agar plates were incubated under aerobic and anacrobic conditions

and chocolate avar was incubs qth 3
¢ agar was incubated with 3% carbon dioxide.

While i | ' |
L . . '8 . . 5
inoculating NN A with a blade. only a single streak was made at the center of

the plate wi 1erel 1
plate without piercing too much into the agar. Subsequently using sterile pipette

= B |
drops of live Fscherichia coli suspension was added on the surface of NNA taking
15 I O ¥ [ 3AN -
care to cover the inoc T - -
are to cover the incculum. The plate was tilted on all sides to allow the bacterial

SUsSpenst o Coa qrf T i l S
\DLHHH‘H O _\P[L‘tl(l ovel I.hC plillt‘ SLI face. th ]")lil[C was i\Cpl n Ll]Tl‘lLlhl pO.'iliOll [1”
[[ g 5 . 3 3 1

1¢ 5[!.\["&]]_\1()]] d[']L‘(.l Lll'ld II]CH 1L wWas SL‘lllL‘d \\']lh ])ill"dll]l]] Lll]d lIlL‘leﬂlCLl. NN,\ ])l'd[t;“i

\\ T e . » & . : r ] ) 1 13
¢ere observed daily under the x4 objective lens ol the microscope (magnification
avoid contamination (for

x40) for tracks and trophozoites without opening the lid to

Preparation of NNA and I coli suspension refer Appendix 2).

Certain eriteria were followed to determine the significance of growth in culture.
especially for bacteriu and fungus. since some of them are normal flora ol the eyelids
and conjunctival sac and can appear on culture media as contaminants.
A culture of bacteria or fungus Was considered significantly positive WhEn Tners Was

ganism on two or more media. or

¢ Growth of the same or
*  Confluent growth at the site of inoculation on one solid medium. or
¥ Clisudh in one fedin with consistent direct microscopy findings. or
* Growth of the same organism on repcatcd corneal scrapings.

f the cysts of Acanthamoeba were

ive on NNA.

. diagnosis of AK was howeVer made
cars and/or i culture was posit

Clel ; . .
nonstrated in any of the sM



All bacterial and fungal isolates were identified as per the standard procedure
(Isenbere 1996). Acanthamoeba was identified at the genus level by morphology of

cvsts in smear and cultures (Visvesvara 1995).

4.2.4 i vitro anti-amocbic drug susceptibility test

4.2.4.1 Clinical isolates

Seventy nine Acanthamoeba strains isolated from corneal scrapings ol 79 patients

were included in the study. These 79 were among the 172 patients described before in

the previous chapter. All the solates were grown on NNA with L.coli. NNA plates

with trophozoites were incubated at 30"C for 7 days to obtain mature Acanthamaocba
cysts. Medical records of these 79 paticnts were retrospectively reviewed.

4.2.4.2 Standardization of inoculum

The CVSIS were recovered from NNA-/ coli culture by fTooding the plate with 10ml.
of one-quarter strength Ringer solution and then the amoebae were gently dislodged
[rom the plate using & swab or bent vlass rod. The cyst suspension was transterred to
a 13ml. centrifuge tube and spun at 5002 for 5 minutes. The pellet containing
Acanthamochu cysts was washed twice with the same buffer solution. Subsequently
adjusted to 1 X 10" cysts/ mL with one-quarter

the concentration of the €ysts was

Finger lactate solution.

4.2.4.3 Anti-amoeba drugs and the dilutions
Anti-amoebic susceptibility test was performed with three an[i—.-1c'an!lmm(w/m Llru%’s:
PHMB (Bacquasil. 1C1 USA). CHx digluconate (Sigma—AldriCh C-9394. St Lows:

. Rorer Australic
MLy USA.) and Propamidine isethionate (Brolene: Rhone-Poulenc Rorer Australid

—



])I \' » e . . .

[ 1D, NSW. Australia). A working stock solution of Img/ml. was made for all
the drug e rfor i

¢ drugs. The test was performed in flat-bottomed 96 well microtitre plate and all

procedures were performed in laminar & ‘
cre performed in laminar flow hood (Figure 4.2A). For the purpose ol

dilutio ' »dr cever lact: ; :
on of the drugs. 100ul. ringer lactate solution was added to all the 12 wells of

he microtitre plate. In the first and the second well 100ul. of ITmg/mlL. of the stock
ar BT . = L F '
Irug was added. wherein the first well serves as drug control or negative control.

From the second well onwards two-fold dilutions were performed till the cleventh

we e . 2 T U
vell. from where 100ul. of the drug was discarded. The 12" well was the amocbac

control or the positive control where no drug was added. Thus the concentration of

the drugs in the wells ranged (rom 500 to 0.49ng/mlL (Table 4.2).

4.2.4.4 Test procedure
After the drug dilutions. S0ul. of the standardized Acanthamoeba suspension was
added 1o all the wells except the negative control (Table 4.2). Subsequently. the plate
was scaled with adhesive film and incubated at 30°C for 48 hours. After incubation.
Using a multichannel pipette. the solution was gently removed from all wells and
refilled with 200ul. of quarter strength ringer solution. taking care 1o add the buffer

rocedure for anti-amoehic drug susceptibiltiy rest

Table 4.2: Outline of the p

Ringer solution 00 | 100 | 100 00 | mil |
(micrnlitc]-_\-) r‘

prug [00 | 100 | 100 }—’,00 B
o 0 | 50 | 30

ﬁ?;sit.sl.'sm"smn [ 50 | 50 <555 L
Dl.unlzlul-\) - _ _ _
tmll:-.g roncentration 500 | 300 | 250 ——T 707 ] 0.49 |

-



A~ Done in laminar flow hood with help of multichannnel pipette and
microtitre plate

C = Dead cysts

B = Healthy cysts

e

eptibility test

R

Figure 4.2: [n vitro drug SUs¢
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solution on the sidewalls of the wells. The plate was left undisturbed for 3-10 minutes

and then the wells were washed with ringer solution and this step was repeated twice.

After the final wash. 100ul. of heat killed £ ¢oli suspension (O at 540nm 0.1-0.2)

was added in all wells and the plate was resealed and incubated at 30°C for 7 days,

4.2.4.5 Recording the results

The minimum cvsticidal concentration (MCC) is the lowest concentration of test

solution that results in no trophozoite excystment after seven days of incubation.

Using the 10x objective ol an Lverted microscope (magnification x100). the wells

were examined datly for up to 7 davs for the presence of excysted trophozoites. I'his
AL (& -

test was performed 1 duplicates for all the isolates and if either the positive or

st wias serfsirie :

negative control did not show the desirable results the test was repeatec

43 RESULTS

. . - ol s (,“
43.1  Microbiological findings
A\ ] K patients analyzed. complete microbiological data was available
Among the 172 AK paticnts 70
icrobi ical de as not co e
for | For six ijcms- the m[uoblologlcal data was not complete
or 166 patients. For the > &
jques w erformed or culture was not
Wherei [ the staining techniques was not p
‘heren. either, one o HE =
o ven cases of AK. Acanthamoeba alone
d 166 smear and/or culture pi oven €ases ¢
one. Among the 100 SIIEC
=] . . -
ants (79.5%)- Bacteria and fungus co-existed
§ 21 natle e
Was the etiological acent 10 132 pall
0 ients respectively (Table 4.3).
(I() ,.)%) ﬂnd two (]2/0) Pat p . ( w ))

| ] 2
With Acanthamoeba 32 --
| smears, KOH/CEW was posttive in 147
by d ' C\'amination of the smea
v direct microscopte & ! o
1 p 1135 (81%) and Giemsa was positive in 122
tive 012~
posl

Patients (88.5%). Gram Wa®



Table 4.3: Microbiological findings in Acanthamoeba keratitis patients (n = 166)

Tests Number Yo 95% C1
Cvsts i smears
Ciram 33 Sl 74.6-86.5
Giemsa 122 3.5 66.2-79.6
KOH - CFW |47 88.5 82.7-92 6
Mlur
Acanthamaocha 35 81 74.6-86.5
Bacteria 32 19.2 13.9-25.9
I-ungus 2 1.2 0.05-4.5

patients (73.3%0) (Figure 4.3). while culture results showed positivity in 135 patients

(81.3%) (Figure 4.4).  The number of days aken to show culture positive for

. ot LN~ [
Acanthamoeha ranged from 1-10 days with an average of 3.5 days.

When the comparison of cach of the staining technique was made with the gold
standard (Table 4.4). i.c.. culture. KOl +CFW had the highest sensitivity of 87%
(95% Cl: 82.7-92.6). followed by Gram with 81% (95% Cl: 74.6-86.5) and lcast
Sensitive among the three was of Giemsa staining with 70% (95% Cl: 66.2-79.6).

staining techniques with culture in deteeting
ale fan]

Table 4.4: Comparison of the
' ngs (n = 166)

Acanthamoeba in corneal scrapi

"‘:_——-___ K()@__—:—E—l am : - Giemsa : Total
a-l;ru :8 = 0D ___ZE__.___QL—— 40 135 (81%)
\———___———————-ﬂ’“‘:;’ 5 27 4 31
EE_’E‘L - ____E———————LST;; 'T_—m 44 166
I‘L I47(87‘%)__ﬂ_£_____1_;’_3_(_,j—_————*—-‘_—"—'—

g susceptibility test

4. . .
3.2 Anti-amoebic dru ‘
¢ isethionate (Brolene)

] t (.{ [1()111 1((:1 'dtltl..s l)(’lllell[‘.;- ‘[&! lr .._.( “3}[()\-\“:

S

for . o
r79 strains ol'.-1mm/mm(:chd IS
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A = KOH with Evans blue
(Bright field microscope x250)

B = KOH +CFW staining
(Fluorescence microscope x500)_

C = Gram staining
(Bright field microscope x3500)
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D = Giemsa staining
(Bright field Microscope x500)

-

4.3: Corneal scraping smear exam. for detection

of Acanthamoeba cysts
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Table 4.5: Results of the MCC of the drugys against Acanthmoeba isolates from

keratitis patients (n = 79)
Drug microgram/ml.) Range Vloan ——— -
| PHMB (.49 - 500 66.9 T -
| 0.49 - 500 <7 7 = B
Brolene 1.9 - 300 3346 - BE

the cyst morphology under the effect of Anti-fcanthamoeba drug. The geometric

mean of MCC for PHMB. ClHx and Brolene was 66.9+137.6ug/ml.. 37.7+133 4ug/ml

and 334.6+184.dug ml respectively. Comparison between cach of the drugs {using

student’s 1 test) revealed that PHME and CHx were better drugs than Brolene
(p~0.0001). however. when pIIMB and CHx were I
as lower than PHMB. This was. however.

than PIIMB since its mean MCC el 7

Not statistically significant(p 0.56).

Among 79 isolates tested for VCC. medical records were available for 77 patients.
= solates Lee

% . A ~ . ) i - . |
hreg ou of 77 peijefts WEE not treated with either of the drugs (PHMB. CHx and
LG paticnts
o+ with either of the combinations i.c..
el ‘ ur patients Were reated with ¢
ene). Seventy foul patien

me in AK patients treated with PHMB+CHx (n=69)

Table 4.6 Treatment outco
5.7 —

Qutcome :

[t
2 3.7-18

h—

Therapeutic PK 6
i 63.9-84

|__Evisceration ~—— :
10.1 fp—

_Resolved —] :
T —

L TFU:

[ost o follow up




PHNB - ClHx (69 patients). PHMB + Brolene (3 patients) and CHx + Brolene (2

patients). Among 69 patients treated with combination of PHMB and CHx. corneal

nfiltrate had resolved in 73% of the patients. while drug foxicity was seen In none

(Table 4.0).

44 DISCUSSION

Acanthamocha keratitis is a chronic progressive infection that has been increasingly

identificd worldwide.  Initial clinical features of AK are varied and it can be

misdiagnosed as fungal. bacterial or viral keratitis wherein the treatment 1s delayed

and outcome is poor.  Thus definitive diagnosis of AK is extremely important.  For
Some time now. clinical features and a combination of conventional microbiological
h”‘C]mi‘lu'&-\‘ [ike smear examination and culture are being used but with variable
results.  According to a pl'nlncnl al our institute a combination ol three staining

techniques j.e.. Gram. Giemsd and KOH + CFW along with culture are used for
diagnosis of non-viral keratitis. We evaluated these staining techniques and
dch—‘l'mincd their sensitivity against culture. which is the gold gtandard for the
detection of Acanthamoeba. KOH/CFW had the maximum sensitivity (87%) to detect
CYSts in the clinical samples. followed by Gram (81%) and culture (81%) while

Giemsa (70%) had least sensitivity among the four.

 neoative and smedr positive
Among the 166 patients 31 (18.7%) cases Were culture negative an

At TE 1. l ':
(Cither of the stain). All these 31 patients WeIt€ treated based on the smear report tusl
: i . (mentionec
's in contrast to the criteria. which is followed for bacteria and fungus (mentione
aate . based on the smear
“rlier in (he chapter) where the patients arc not treated only base (‘ o
i dentify the gent:

eport. Morphology of cyst IS characteristic and sufficient 0! entl
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Acanthamoeha in the clinical specimens. For 17 patients (10.2%) smear was negative

(none of the three staining technique was positive) and culture was positive. hence in

these 10,29 of the patients the definitive diagnosis was delaved by an average of 3.3

davs. Successtul use of CIFW to detect {canthamoeba cysts n clinical samples was

first demonstrated by Wilhelmus ¢/ al (1986). Calcofluor white is a chemotluorescent

dve. which has an aftinity to bind to the |ml_\‘.\'uccluu'idc polymers ol amoebic cvsts.

[his staining technique requires only five minutes after the fixation ol the slides mn

methyl alcohol (Auran ¢/ ol 1987).  Thomas and Kuriakose (1990) however

mentioned that staining with CIFW might be simple and rapid but nceds expensive.

claborate use of fluorescent microscope. which is not available to many laboratorics.

¢ of lacto phenol cotton blue for staining Acanthamoeba

Fhey recommended the us

¢ysts in clinical samples.

According to a protocol at our [nstitute. the first scrape from the keratitis patient 18

alwavs used for KOT CCEW staining. I our study. we found that the sensitivity of
Gram and Giemsa was higher that what is reported 1n literature: we believe that this
higher sensitivity might be due to the fact (hat these Lwo smears are always seen after
the KOH/CFW smear. Therefore. il a smear stained with KOH LCFW is positive. in
view of CIFW result the probahilil_\' of finding Acanthamoeba cysts in the smear
stained with Gram and (Giemsa will be much higher. Therefore. 1t 1S possible that
Sensitivity of Gram and Giemsa is high only because they arc seen in conjunction with
KOH+ CFW. however this hypothesis needs to be proved. Though these three
Slaining techniques have high sensitivity to detect cysts of Jeanthamoeba. they fail to
detect trophozoites. which mainly predominate ‘n the initial stages of infection
(Stothard er a/ 1999). Being more susceptible 1o (reatment than cysts if trophozoites
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are detected in carly stage " the dis it wi
detected i carly stages of the discase. it will lead to better prognosis since

lrop . i S ; 7 :
ophozoites are the ones. which are present in carly stage of the discase (Stothard er

al 1999,

Culture ofters definitive diagnosis but Bacon e/ al (1993) reported only 44-74%

suceess in growing Acanthamoceba from clinical samples. while others have reported

much less satistactory results (Auran ¢f al 1987: Mathers e al 1996). The inability to

culture fcanthamoeha from some corneal cpilhcliai[ specimens may be the result of

cither inadequate sample. presence of non-viable or small number of organisms in the
chinical specimen carly in the course of the infection or can also be due to lack of
expertise in collecting the cpithelial scraping/biopsy or in processing it (Bacon et al
1993) ITowever, culture remains the oold standard. The time taken for culture to

: . ey, 3 =3 8 avs
show growth varied from 1-10 days with an average of 3.5 days.

THis pa_ . 4 eeranes has been recognized in up to 58% ¥
The co-isolation of bacteria from corneal scrapes has been recogn p to 58% ol
AK patients (Bacon et dl 1993). However. in our series ol 166 AK patients. we found
Y C =
that 32 (19 290 ) of the patients had bacteria as their co-isolate, which mainly
= vk Q)
i . - g s epidermidis and - various
n¢lyg : g i like  Staphylococcts ¢}
ded  Gram  positive bacteria K .
: : . identified hyaline fungus
€ o [usarium SPp- and unidentified hy gu
Viaehacteria s o patients [1s¢
: eria spp. In two |
: : o1 keratitis combined infection, both
Were (] . . .nce of bacterial keratitis
1¢ co-isolates. The presence
; ; .. ¢ AK and thercfore appropriate
Clinicylly i It may delay the diagnosis ol AK a PPTOPIIE
Yoand on culture. e 2

l]’L‘é 2
Ument (Bacon er al 1993)-

jeveloped 20 years ago with propamidine
: ©owas deve
1ol AK

half the patients responded.

The ¢
©hirst effective treatmen
[985) but only

(]3“}]L‘ (\A'rlghl el ”/

ne) and neomycein




Alter considerable research. this regime was replaced seven vears ago with CHx and
propamidine (Hay er af 1994:Scal ¢ al 1996) or the polymeric cquivalent PHMB.
hese three drugs are among the most popular drugs. which have been used in recent
ames for reatment of AK. We wanted to determine the efficacy of these drugs in

vitro. hence MCOC for cach of the drug was determined using method described by

Hav er al (1994 ). We Lound that Brolene had very high MCC value ranging from 1.9 -

500 with a mean ol 334.6ug/ml. indicating its inclficacy in killing cysts and hence we

recommend that this drue should not be used alone as drug of choice in the treatment

of AK. However. many have used this diamidine in combination with cationic

antiseptics like CHy and PHMB (Hay er al 1994). When we compared the efficacy of

PHNIB and Clix as cyvsticidal agents we found that CIHx had lower MCC value than
PHMB. but it was statistically not significant. Theretore. we believe that both the
drugs are equally effective against cysts ol Acanthamoeba.  Efficacy of these two
drugs were also tested by Narasimhan ¢/ al (2002). however. the in vitro method used
o determine the MCCs was different from the one used by us. They carried out the

otiter plates and determined MCC by plating cyst

leStin Durham tubes instead of micr
(treated with umi-,-Ic'unl/nmma/u.' drugs) on NNA plates seeded with £.cofi They
Csted 19 qeanthamoeba strains. isolated from keratitis patients and found that MCC
Values of Cpyx were Jower than PHMB (a finding similar to ours) and this was
Slistical ]y significant. thus concluding that CHx had a better in vitro cysticidal

ilCli\'il_\‘ than PHMB.

: ic (either Pr or CHx) with
o esentic (either PHMB
SC’QI (—}(H)‘\ 1 d [hc use (I)i catronic dﬂilb(,}
U05) recommende : ‘ 7
: i o+ treatment for AK. He
' amidine) for trea
d"‘”ﬂidim: derivative (Pmpamidilw or hexamic
[ 3 i




ested that there is no advantage by treating with a combination of PHMB and

sugy
CHx and stated that the combination would be more toxic to the cornea. Synergistic
action of PHNMB and CHx 2 vitro has been reported by Tirado-Angel er al (1996). but

this combination had not been evaluated in patients.  This study for the first time

reports the efficacy of these two drugs.  Sixty-nine patients were treated with a

combination of PHMB and CHx in this study and we found that in 75.3% of the

paticnts. the corneal infiltrate had resolved with no drug toxicity recorded for any of

the patients.

Both PHINMB and ClHx belong to same group of drugs i.e.. cationic antiseptics and act

o molecules to the mucopolysaccharide plug of

by binding their highly charged posiuiy

the ostiole of the cvst. resulting in penetration into the amoeba. where they bind to
Phospholipid bilaver of the cell membrane. This results in membrance damage with
: C

irreversible loss of calcium followed by cell electrolytes from the cytoplasm to cause
sible loss of ce ]
a smaller molecule than PHMB and thus may

cell lysis and death (Seal 2003). CHX IS

3 \PEY 2 QC ).
Penetrate better in corneal Ussue (Seal eral | 790)

5 . . 1 hniques aided diagnosis of AK in all
In summary. conventional mlcrohm]ogu_dl techniques & g ;
ple sensitive and rapid staining technique for the

166 patients. KO + CFW is a sim
:msa are sensitive methods for the
detection of feanthamoebd Grams and Giemsa are also
Ao f
: e rate of culture was much better than
‘ L ceries. Success rate
her in our Seric

([‘Jlb‘clion of Acanthamoc
t that the conventional

esults sugges
' Thus ¢ results sugges
What s reported 10 literaturc. [hus. ou
- . linical features can be used for rapid
Microbioloeical techniques 0 combination with clinice
ogical tech ~

fAK.

and A .. _ .
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Lo conclude. efficacies of Brolene as cysticidal agent is minimal in vitro. while both
PHNB and CHx have low MCC. Combination of CHX and PHMB seems to have
effective amoebicidal action within the cornea. 1 this combination of drugs is used. it
could shorten the time and frequency of anti-acanthameobic drugs treatment. which in

W may reduce the toxic reaction of the drugs and obviate effects of inherent or

acquired resistance to the drugs.

ey



CHAPTER 5: HISTOPATHOLOGIC AND IMMUNOHISTOCHEMICAL

STUDIES ON ACANTHAMOEBA KERATITIS PATIENTS

STINTRODUCTION

In recent vears. with the use of newer anti-amocbic agents. the medical treatment of

Acanthamocha keratitis has improved significantly. Despite medical treatment. some

paticnts may  develop  complications and require corneal transplantation  or

evisceration. In addition. patients with healed corneal ulcers on medical therapy may

require optical keratoplasty for visual rehabilitation. The histologic changes in the

corneal button or eviscerated materials obtained from AK patients include. epithelial
uleeration. stromal inflammation and necrosis. presence ol cysts and trophozoites of

A- /v ) <) - i S
Acanthamocha (Garer 1993: Kremer or al 1994: Yang et al 2001). apoplosis of

Keratoevies (Vemueanti ¢f al 000) and rarely granulomatous inflammation of the

- . =¢ -

e ) : 97). We studied clinical. histologic and

corneal  strom: .+, and Font 1997).
stroma (Mietz anc

- . . maid oF Aé yeba  keratitis who

IMmunohistochemical  features 1 fjve cases Of Acanthamoeba Kere

. ; - midlv prooressive. non responding

Underwent keratoplasty or cvisceration for rapidly progre l S

C dol)

diseaen
ISease of the cornea.

52 MATERIALS AND METHODS
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All these 18 specimens were subjected to histopathological examination.  Among
these histopathological features of five tssues (3-corneal buttons. 2-cviscerated
contents) were reviewed and were subjected to immunophenotyping. Medical records

of these five cases were also reviewed and the clinical pictures at the time of

presentation. medical  treatment and its - duration and indication for surgical

miervention were noted.

3.2.2 Microbiological investigations
R"“"‘le‘cli\'ci_\ the microbiological data was reviewed wherein the corneal scrapings
rom )] paticnts were subjected to smear examination by three methods. viz..
Potassium hvdroxide with calcofluor white. Gram and Giemsa stains and culture on
Media for bacteria., fungus. and Acanthamoeba. as described carlier in Chapter 4.2.3.
Corney| buttons. whenever available for microbiologic studies. were processed

Smilarly for bacteria. fungus and Acanthamoebd.

¢ l ()Il .l 1 C I]ltc l ) S 1 2 v
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lerials with the commercially @Y ail
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3.2.3 Histopathology

l\L'I'illk‘clum_\ cviscerated material was fixed in 10% buftered formalin.  Paraftin

sections were stained with hacmatoxylin — cosin and periodic acid stains,

3.2 .
324 Immunophenotyping
Immunohistochemistry  was performed using monoclonal  mouse anti-human

antibodies (Dako. Denmark) against T cell €D 3. Macrophage CD 68 and B cell CD

20 antigens. Afier deparaltinizing. immunohistochemistry was performed on the
Ussue sections as per the procedure described by Sharma e/ al (2001).  Aftar

deparaffinizine the sections. the endogenous peroxidase acitivity was neutralized
Using 100°, methanol and 0.4% H>Ox. Incubating the sections with prewarmed citrate
aintained at 100°C retrieved the antigenic

butfer for 15 minutes in hot air oven m
: - - windine of antibodies was blocke
CPitopes of the corneal section Non-immunologic binding of antibodies was blocked
S al ;
by | . [ncubation with all the primary antibodies
% Mcubation with bovine serum albumin. atlo
: +armioht. On the following day. after
Wag g . <3 e 81 APC overnigh
S carried out in a moist chamber
i cecondary biotinylated goat anti-
[hoi’ouuh washine with Phosphalc buffer saline. secondary
O (& =) - -
; inc -d at room temperature in
Mouse aniih lv (Dako Denmark) was added and incubated & I
oL ody (Dako.
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with primary antibody. was used as negative control. while tonsil section served as
positive control. The phenotype of the inflammatory cells was assessed in the region

of the granulomatous inflammation. surrounding stroma and limbus.

5.3 RESULTS

331 Demography

s e mene fve (27 7%
Among the 18 corncal button/eviscerated specimens  five (27.7%) displayed

eranulomatous cell reaction. Five patients included 3 males and 2 females and their
age at the time of surgery ranged from 20 - 65 years el 45 yeare), T pafents
underwent evisceration while the other three had (herapeutic penetrating keratoplasty
- [

d()])c
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A= Casel

Figure 5.1: Slit lamp photograph in diffuse {llumination of cornea (x16)

A: Large ring shaped infiltrate with surrounding edema .
B: Ring shaped granular infiltrate involving the graft host junction
C: Clear graft and congested sclera showing four abscesses of varying size, sparing the graft

host junction

D: Ring shaped infiltrate ding edema. Note the presence of hypopyon

sith surroun



and 0.02% PHMDB for a period of one month. There was progression of the
ulcer. marked thinning and ectasia of cornea with impending perforation. The

patient underwent evisceration and the excised contents were subjected to

hiﬁlﬂlngic examination,

Case 2

A O5-vear-old lady. who underwent uncomplicated penetrating keratoplasty

with extracapsular cataract extraction and posterior chamber lens implantation

' . - " ot ' Y £ A 7 ‘)_‘..“ o

in her right eve for granular dystrophy. pummul to her ophthalmologist three
' : aini " pal hotophobia. and decreased

months ]u)s[-upcr'zll:\'cl_\' complaining of pamn..p I

IS T ist di 1 her condition as graft rejection. She
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and chlorhexidine 0.02% and oral itraconazole 100mg twice dailv

()\\i] I ] 3 .
1¢ 1o no improvement. a therapeutic penetrating keratoplasty was don
o Rl s ¢

after 2 weeks s epiead SOT :
or 2 weeks and the excised corneal button was sent for histopathology. On

1¢ first postoperative day. there were exudates in the anterior chamber. There

was evidence of suture abscess. epithelial defect and endothelial pigments on

. ~th i i
the 7" post-operative day. which progressed to scleral abscess at the end of 5
weeks (Figure 5.10). The final visual acuity at the end of 6 weeks was

pereeption of light.

Case 3
A 45- year- old man prcscnlcd with severe pain, redness. watering, pricking
sensation and reduced vision of 10 days duration. He gave a history of sand
particles falling nto his left eye. He consulted a local ophthalmologist who
diagnosed the casce as hypopyon corneal ulcer and referred to our institute. On
examination. he had edema of lids with pseudoptosis. Conjunctiva was
thelial defect 2 x 75 mm

mosed. Cornead showed an ¢pl

al infiltr

congested and che
Anterior chamber was

ates of §mmn.

associated with underlying strom
deep with Imm hypopyon: [nitial corneal scrapings did not reveal any
organisms on microscopic cxaminalion of smear while a repeat scraping
revealed cysts of AL'un/humneha. The patient Was ireated for five weeks ity
129 CHx €ye drops along with oral itraconazole. There

0.029% PHMRB and 0.( /////



WAS NO response o the above medication. The ulcer Pm}-.-'l'l.‘h‘scd 0 involve the

limbus  and the sclera with increase in intraocular  pressure.  thereby.

necessitating evisceration,

Case 4

A 20-year-old woman presented (o us with the complaints of pain. redness.

watering. photophobia and diminished vision in her left eye of two and halt

months duration. She gave history of inknown particles falling into her eye.

. % S . aftfteerte — 'i‘.,
Al the time of presentation the visual acuity in her affected eye was light

pereeption and accurate projection of rays in all quadrants. On examination.
the Jeft eve showed a ring shaped corneal infiltrate Tmm inside the limbus.
The corneal stroma within the ring showed a granular infiltrate. Surrounding
cornea was edematous with deep vascularization in W0 quadrants. Anterior
chamber was  deep. Postertor segment EIPPC“Wd normal on  B-scan
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Table 5.1. - Results of Microbiological investigations on Corneal S crapings, Corne

Evisceration material Jrom five cases included in the study

Patient No

al Butrons, and

Smear Results
Sample - Culture PCR for HSV-1 DNA
KOH + CFW Gram Giemsa
Acanthamoeba spp.
1 Corneal scraping + + + Staphylococcus
epidermidis
Evisceration material ND ND ND ND .
_ Acanthamoeba spp.
2 Corneal scraping + - + Rleisssti:spp.
Corneal button ND ND ND - -
a3 Corneal scraping * - = g
Evisceration material ND ND ND ND .
4 Corneal scraping + + + Acanthamoeba spp.
Corneal button ND ND ND Acanthamoeba spp. -
5 Corneal scraping + + + -
Corneal button ND ND ND Acanthamoeba spp. -
ND: Not done

+ : Positive

: Negative




cither of three staining methods. I'viscerated material from the two patients were not

subjected to microbial iy estigations while corneal button from the three patients

were subjected to only culture examination.  Two of these corneal buttons showed

positivity in culture. PCR for HSV1 DNA was negative for all five cases.

N

3.4 Histopathology

- 1 e = » N - 2 .y » flve ‘[..‘A"-‘ L’.‘“ ]
I'he histopathologic features of the corneal buttons from the five cases are given in

lable 3.2, There was epithelial ulceration with destruction of Bowman's layer in all
the cases. The stroma showed ‘nflammatory infiltrates consisting ol neutrophils in the

anterior two-thirds of stroma (Figure 3.2 Vascularization of stroma was noted in mid
and deep peripheral stroma i WO Cases (Figure 5.3). Viable and degenerated cysts of
Acanthamaoeha were seen 1 the stroma (Figure 5.4). In addition. the deeper stroma
and the region around Descemet’s membrane showed a few aggregates of epitheloid
Cells. lvmphocytes and mullinuclealed giant cells (Figure 5.3). Some of the giant cells
and occasional keratocytes showed cysts of Acanthamoeba the cytoplasm.
es (Figure 5.5) Limbal tissue. when identified in

suggesting the phagocytosed Pt Bl
admixed with few

wvtic infiltrates
the sections. showed dense ]}fm])hoplasmac)/t
Cosinophils.
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lial ulceration and
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Figure 5.2: Corneal button

inflammatory infiltrates in
( haematoxylin and eosin,

heral vascularization

kness of stroma.

Jomatous inflammation and multinucleated
Ily detached Descemet’s

Figure 5.3: Corneal button section shc-)wing PEr, P
and corneal ,-nﬂammation involving full thic
Nore the presence of
giant cells in the deepP
membra

d eosin, ¥20



; \..(\ RITEHeEl

shows two cysIs of Acanthamoeba

¢ corneal stroma
dic acid and Schiffs stain, x1000)

Figure 5.4: Th
all (Perio

with a double-layered W

ification of multinucleated

i
moeba within the cytoplasm

Figure 5.5: Section shows i
giant cell with st of Ac-a - tai x1000)



A = Positive for T-lymphocyres X 100




Table 5.2: Histologic fearur,

es of 5 cases of Acanthamoeba keratitis included in the study
Case Epithelium Bowman's Stromal Vessels Necrosis Granuloma l’ilu:;m-l_\‘lrw Acanthamocha load
No layer inflammation
1 Ulcerated Absent Severe ( M. P) - % - [.CD: Cysts 3
B: -
2 Ulcerated Absent Diffuse ‘ - - I.CD:+ Cyvsts 3 -
B3 -
3 Ulcerated Absent Severe ( M, P) - - f [CD x4 Cysts 3
B:-
4 Ulcerated Absent Severe ( AL M) - i - T.CD:+ Cystg 3+
B:- trophozoites 2
5 Ulcerated Absent Severe (M. P) + T ED 7 4 Cysts 2 +
B:-
™M : Mid stroma A . Anterior stroma

P : Posterior stroma - : Negative 1 Positive



5.4 DISCUSSION

Histologi
$ ogically N - N
E ]l_. the corneal tissues -“t'tmlhumr)c!':c.' keratitis show evidence of

stromal necrosis along with the

L")i[hx', - o
pithehal ulceration. P“l.‘”“‘l'thmc]c;u- infiltrates.

presence of tr . . . ;
of trophozo..es and or eysts 1 the corncal stroma (Garner 1993). Despite

l]’[c 218 o

ro . . . - » < ) ‘ ‘ -
prolonged clinical course of the discase. a few unmque observations have been
lllLl(]L‘ ! ; : 1 1 ~ . . -

in AK which include: a) absence ol vascularization (Kremer ef al 1994). b)

chl-.' ) ' . - .
city of lvmphocytes (Garnet 1993). ¢) keratocyte loss through 'dPOPlosls_d) i

Presence of cysts in the deep Sromi. unaccompanied by inflammatory cells
(Vemuganti ¢r al 2000). Though qcanthamoebic infections of brain usually evoke
granulomatous inflammation (Dougherty ¢! 4] 1994). this is rarely reported in AR, T
this report we describe five cases of AK presenting with granulomatous inflammation
' the posterior L‘()I‘I]L‘i.l] sroma. four of which prcscmcd with rapidly progre ssive AK
im”l\'i”‘:’ limbus and sclera To undcrstund the signiﬁczmcc of these findings we
berformed - the immunophcnol_\'ping of the inflammatory cells and attempted @

C“l]' 5 . )
Icopathological correlation.

(llhica“}, AK 1s ch'lmctcriycd by severe pain W ith an early superficial keratitis:
: h dl'e :

infiltration. ring infiltration and rarely limbitis and
en associated with severe

Jalmologist (Lee el al 2002).

fol]

owe : -

wed by radial penneural
iy AK 18 oft
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scleral extenst "AK i
al extension of e a rare ¢ icatl '
of AK remains a rare complication. None of the patients in our

carlier reporte _ ‘ _
rl it v ot b _
ported series of 39 patients had developed this complication (Sharma e al

2000y Three of fi | | |
ce of five cases reported in this series had a severe clinical course that
* S

]\"““l'c\\ . I ;
=hesse . R DPTR— o - ) .
despite adequate doses ol :wllpcr\mcd medical treatment, necessitating

.\L]]'ch.ll g ) .
it 11 » > . pace e . . -
ervention. (ne casc PILHL]][LLl W [[h lUlLll Cnl'ncul UICCI'. \\'h]]L' [hc O[I]CI'

presented as e i o o o
ed as a graft infilrate. clinically mimicking a rejection phenomenon. The

media e . :
n duration of medical treatment Was 7 weeks (1- 8 weeks). History of trauma

Wan slicitnd & , . -
clicited in 4 cases. [Though ]71'nlungcd medical treatment 1Is usually advised for
-'lt'u . ) -

nthamoeba keratitis. penetraling keratoplasty has been advocated in cases. which

threate : : ; \ ’
reaten the integrity of the eye (Cohen et al 1987).

Hjs[“l“gim”,\. the tissues showed epithelial ulceration and destruction of Bowman's
layer, The stroma showed dense inflammatory infiltrates predominantly consisting of
Polymorphonuclear infiltrates in all cases. as has been reported in most studies
(Garner 1993 Kremer ¢/ al 1994 Yang ¢/ al 2001). The decper stromad showed
].\'mphug}.wi macrophages. cpithcloid granulomas and  giant cells. Though
p()lynmrph“mlcIcar cells are bc]iC\"Cd to be the first line of defense in all infections.
Encludi”g AK. recent evidence points towards the role of macrophages (van Klink e/
“1996). Thev serformed conjune sl macrophage depletion in Chinese hamsters to
- lectively eliminated

in AK. They s€

deterr:
¢fMine the jmportance of macrophages
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They found proi‘ound exacerbation of AK In
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II]-\[ I : . \ s * . . -
inc of defense and eliminating  significant numbers ol P

“'“Ph“/nug\_

Iwo of - . s o . . -
of the five cases showed evidence ol vascularization In our serics. Chis is

differas - . -
fferent from the observations made by Kremer ¢/ al (1994) who noted the

Co Fos ) . _ . . | ‘ | N
nspicuous absence of vascularization in 10 cases reported by them. In general, it is

baliova o ' | - | |
clieved that [vmphocytic infiltration in the corned is closely associated with

Vascularization (Mathers ¢f al 1987). When vascularization is present. lymphoceytic

and plasmacviic infiltrates are usually observed prcdmninunll_\' in the immediate
YICnity of blood vessels in the corneal stroma or in the vascular pannus. An immune
"eSponse 1o chronic inflammation can be expected to further involve macrophages.

| 1 1 : / S 0Q
" Mphocyies and macrophage derived epitheloid cells (Mathers ¢/ al 1987).
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CHAPTER 6: SUBGENUS CLASSIFICATION OF ACANTHAMOEBA

STRAINS ISOLATED FROM KERATITIS PATIENTS IN INDIA

6.1 INTRODUCTION
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the earlies  olaediFieemt i
carliest classification was based on the morphology ol the Acanthamoebu

CVst . - : 1
ysts trophosoites (Pussard and Pons 1977). Several groups have used 1soenzyme

CIC g X . - z 1 111 5
ctrophoresis (De Jonckheere 1983) and antigenic differences (Stevens et al 1997)

hc P . 4
tween the isolates for tvping ol Acanthamoeba. More recently molecular

techniques  like  restriction  fragment length polymorphism (RFLP) of the
Mitochondrial (Byers ef al 1983) and whole cell DNA (McLaughlin ¢/ al 1988): PCR-
RELP of the nuclear (Chung ef af 1998) and mitochondrial ribosomal DNA (Yu ¢/ af
1999) hav e been used for subgenus classification of Acanthamoeba but with variable
PUecess. The small subunit ribosomal RNAs (ssu 'RNAs) have been recognized as a
Well-suited marker for estimating ph_\‘lngcnclic relationship (Woese 1987) and this
PProach has been cmplo}'cd (o determine the (axonomic status of Acanthamoebu
d et al classified 53 strains of

nces of 188 rRNA

st e ay 1996:Stothard ¢/ al 1998). Stothar
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Vealeq inconsistencies in the earlier cJassification systems (Gast ¢! al Ot
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\I[h o ot = b . e 3
ough scquencing ol 188 rDNA and 165 rDNA vields highly reliable data

complete se v S Ve : :
l sequencing of genes s aenerally expensive and time consuming (Alves er al

5
20000 11 1. ‘ : . ,
It found a equally reliable. a partial sequencing may serve the same purpose

within i .
ithin limited time and resources

fcanthamoeha spp. isolated from

In thi ; .
his study . genotype and taxonomic status ol

corneal scrapi \ ettt matients witl history { ¢ aet lens wear was
apings ol keratitis patients with no history o contact lens wear was

determi " : . : s
lermined. Phy Jogenetic inferences Wete obtained from complete sequencing Vis-a-

\] At . - 4 N Yo / S RTE 3 . ]
S partial sequencing ol seven amplimers ol 18S rRNA gene of Acanthamoeba.

6.2  MATERIALS AND METHODS

0.2.1 Amoebae strains
Atotal of 73 amochae isolates Were included in this study. consisting of 15 isolates
from Keratitis patients (13 from (his institute and 2 from Qankara Nethralaya.
Chennai). | environmental isolate. | cach from pakistan and Argentina and 3 standard

SUaine o f T
Ins of Acanthamocba (Table 0.1).

6.2
2 Amoehac isolation
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Latte 6.1 Acanthiaroeba siramirs used in the s7udy and their morphological classification
S.No Amoebae Source Geographical location Morphological group*
1 A.castellani ATCC 503747 Yeast culture UK  Partial
2 A.castellanii ATCC 503707 Keratitis USA Partial
3 A castellanii Neff ATCC 50373" Soll USA - Partial
4 A.polyphaga ATCC 50372" Soil Japan Partial
S A.culbertsoni Diamond CDGC' Keratitis USA Partial
6 A spps . Argentina I Partial
7 A.spps - Pakistan I Partial
8  AsppsL402/97 Keratitis Hyderabad, India | Partial
9  AsppsL 565/97 Keratitis Hyderabad, India I Complete
10 AsppsL773/96 Keratitis Hyderabad, India | Complete
11 Aspps L 1060/96 Keratitis Hyderabad, India Il Complete
12 A.spps L 407/95 Keratitis Hyderabad, India Il Partial
13 A sppsL473/00 Keratitis Hyderabad, India Il Partial
14 Aspps L 749/98 Keratitis Hyderabad, India I Complete
15 A sppsL 1019/99 Keratitis Hyderabad, India | Partial
16 A.sppsL 1002/99 Keratitis Hyderabad, India I Complete
17 A.spps L 1035/99 Keratitis Hyderabad, India 1} Partial
18 A sppsL 1629/99 Keratitis Hyderabad, India 1] Complete
19 A.spps L 98/00 Keratitis Hyderabad, India | Complete
20  A.spps L 478/00 Keratitis Hyderabad, India | Partial
21 A spps SN-2 Keratitis Chennai, India 1 Partial
22  A.spps SN-3 Keratitis Chennai, India i Partial
23 A.spps Water Hyderabad, India - Partial
*- Based on present study: ' - Standard strains

Sequencing

o e e



6.2.2.2 Fnvironment

In order determine if :
rder determine if contaminated water was the source of the infection. eight

attempts were made »
empts were made to isolate Acanthamoeba from water that was collected and

brouw R . " ) .
ought by AK patients. The patients were explained that water should be collected

IT¢ RV . ' . : : .
ym the water source which he/she uses for the daily chores likes bathing etc and that

he water should be collected in a clean container. Patients were asked to collect

approximately 2 liters of well water. Amphotericin (fungicidal) at a concentration of
2.5mg ml was added to the water and then centrifuged at 4500 rpm for 15 minutes.
The pellet obtained was inoculated on NNA plates. which were pre-seeded with E.coli
erved daily for the growth of Acanthamoeba.

suspension. The NNA plates were obs

Among the many attempts only one strain of Acanthamoebd could be isolated.

6.2.2.3 Axenic culture ofAcanthamoeba
y based classification, cultures grown on

In order 10 genotype and perform morpholog
NNA were axenized in Proteose Peptone Yeast Glucose broth (PYG:; for preparation
see Appendix 2 ). A small piece of the NNA with growth of Acanthamoeba was cut
and placed in 25cm” sterile tissue culture flask to which 3 mL of PYG medium
was added. The flasks were incubated at 30°C

Containing ciprofloxacin (601-18/111[‘)

and observed for growth daily (Figure 6.1)-

6.2.3 Morphological classification
. olates except the 5 standard

Classification based on morPh
owed 10 encyst 10 PYG medium and

. - 11
Stram& These 17 isolates were axel‘llZed al‘ld a
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later classifi
% Cldss > G : : . .
ificd based on morphological features of both cvst and trophozoite. as
- - - [N

describe :
escribed by Page (Page 1967) and Visvesvara (Visvesvara 1991).

6.2.4 DNA extraction

lotal i :
DNA was extracted from the 53 amocbic cultures usine the UNSET (Urea

I. Sodium dodecy] sulphate. FDTA. Tris: for preparation see Appendix 2) lysis
bufter : - | .
fer method (Hugo er daf 1992). To isolate DNA from cultures. amoebae were

harvested from 4-5 days old 3 ml confluent cultures (~1 x 10° amoebae. containing ~
9:1 ratio of trophozoites and cvsts) by centrifugation at ~1000 g for 5 minutes. The
harvested cells were washed twice using 5 mlof PBS (Phosphate buffer saline) and
resuspended in 0.5 ml of INSET lysis buffer for DNA isolation. The aqueous lysate
Was extracted twice with 0.5 ml of phcnol—chlorolbrm-isomnyl alcohol (25:24:1). The
DNA was finally precipitated using 0.1 volume of 3M NaCland 2 volume of ethanol
and dissolved jn 200 ul of 1x TE bufler 10 mM Tris-HCI, 1 mM EDTA. pH 8.0).

6.2.5 Amplification of 18S rRNA gen¢ domains

18s TRNA gene is the most commonl}' used rRNA gubunit 10 gstimate phylogenetic
relatedness. Ribosomal RNA genes are conscrved through billions of years and resist
latera transfer of genes petween the species hence evolve sfowly which 1 2
Prerequisite to estimate Ph}-’logcnelic relatedness. 18S rRNA gene has been sequenced
oebu and the data 18 available in the public database.

for all the species of Acanthan

cific to 185
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(Ac , . _ .
canthamocha specific amplimer: Schroeder e al 2001). ACARNA (Acanthamoeba

-18S rRN A gene based primer. Vodkin ef al 1992). GP- P1 (Genus specific primer:

Lehmann ¢ . _ o
nn ¢r «f 1998) spanning within 937 - 2076 bp (A castellanii Neff strain:

ienBank Accession No U07416: Figure 6.2) of the 188 rRNA gene. were .

amplification ( Table 6.2).

[he primers were synthesized at the Centre for Cellular and Molecular Biology
(COMB). Iyderabad. India. All PCR reactions were carried out in a laminar flow

hood afier 30 minutes of UV irradiation o decontaminate surfaces and all supplies
within the hood. Pro-sterilized PCR tubes. double autoclaved Milli Q water and
positive displacement tips and pipetles Were used to reduce the possibility of
contamination,  The primer pairs were tested initially  for amplification of
ALcastellanii.  clinical isolates of .-Ivumhumuebu. Pseudomonas — aeruginosa,
Aspergiliug species. Herpes simplex virus. and human leukocytes DNA. The
amplification profile for cach of the primers is given in Table 6.2. Each 20 ul PCR
reaction comprised: 1 pl of DNA (=10 ng genomic DNA). 200 pM dNTP. 2 pM of
cach primer. 1x standard pCR bufler (conlaining 1.5 mM MgCly)and 1 unit Tag DNA
Fermentas. Lithuania). Amplifications were performed

])()]}THQI-HSC (Gene [ilt] l\/IBI
The PCR products W

ere run in a 1.5%

In MJ Research PTC 200 (hermocycler.

0.5 o/ml ethidiu and the results were
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VItec Ltd, Cambridge.
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Table 6.2: Details of primers and PCR conditions used in the study

S.NO Gene Primer name Specificity Primer sequence Npuoc;(iat?;f*e PCR conditions Size
94°C - 1 min
1 18S rDNA ASA S1 Genus  F - 5-GGCCCAGATCGTTTACCGTGAA-3 932-954 94°C - 30 secsl 467bp
R-5-TGACTCCCCTAGCAGCTTGTGAGA-3' 1375 -1399 65°C - 30 secs ¢35 cycles
: 72°C - 30 SeCSJ
72°C - 5min
94°C - 1 5min \
) 185 rDNA ACARNA Genus F - 5-TCCCCTAGCAGCTTGTG-3 1379-1396 50°C - 1 5min  »35 cycles 272bp
R - 5-TAACGAACGAGACCTTAAC -3 1634 -1653 72°C - 1 5min J
72°C - bmin
94°C - 30secs
3 18S rDNA GP-P1 Genus F -5 GTTTGAGGCAATAACAGGT-3 1831- 1850 94°C - 15secs 253bp
R - 5 CCTAGTAAGCGCGAGTC -3 2059-2076  56°C - 20secs (35 cycles
72°C - 10secs

* - Nucleotide position based on Acanthamoeba castellanii Neft strain Accession No. U07416
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6. Y
2.6 DNA sequencing

6.2.6
.1 Three fragments of 185 rRNA gene

Seq i 7
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sequencing kit (Applicd Biosystems. Foster city. CA. USA) as per the manufacturer’
's
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6.2.7 i i
.7 Alignment of the sequences

6.2.71 Three £
.2.7.1 Three fragments of 185 rRNA gene
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sing sequence editor program of ABI PRISM and the forward and revers
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of cach sample were assembled using AUTOASSEMBLER program of ABI

PRISNT. S
Mo Sequences at both 5" and 3" end of the gene determined by the primers were
ained from the PCR products were

k"NCILIL 3 T > . .
led from further analysis. Sequences obt

blasted against  sequences in EMBL database and
Acanthamocha belonging 10 [4 genotype (Table 6.3) showing 97-100% homology to
the  blasted sequence  were selected.  Apart ffom the above. Tl reference
Acanthamocha strains were also selected. which belonged to genotype T1 to T3 and
ened with their corresponding reference sequences

IS-I] ] \ .
2. All the sequences Were all

“'U ’
M the MBI database using CLUSTAL X program.

627 Complete 185 rRNA gent
Complere 18 (DNA sequences of the 7 ‘,fL.H,,,/n.rnmcfm isolates were aligned using
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cluding 7 belonging to ['4

Ae
any )
hamoehy reference strains
01) have earlier described three

gchroede

-

a n]‘
aster al;
cr alignment was made.
SA.B1 (Genus specific

dl y ;
d€nostje fragments (DI-"l-DF.?: Figure 0.2)
o pFlis |

©18S rRNA gene whereln
able

'clm .
Plimer ;
ner) domain ol _ .
) having 4 varl
(1270-

105 bp long

7 reference sequences of

- ey



Table 6.3: Derails of Acantharmoeba reference strains used in the

S.No Reference Acanthamoeba species

A. castellanii CDC:0981:V006
A. polyphaga OX-1

1
2
3 A griffini H37
4  A. hatchetti 38T
5 A.rhysodes
6
7

A. royreba Oak Ridge ATCC 30884
A. polyphaga Naginton

8  A. castellanii CDC:0184:V014

9 A.sp.Liu-E1

A. polyphaga HC-2

A. lenticulata strain 118

10
11

12 A palestinensis 2802

13 A astronyxis Ray & Hayes

14 A tubiashi Lewis & Sawyer

15  A.comandoni Pussard

16 Acanthamoeba culbertsoni Lilly A-1
17  Acanthamoeba stevensoni RB:F:1
18

Acanthamoeba healyi

Acanthamoeba strains in bold face — T4 genotype:

sStudy
rDNA genotype Source Geographical locati
cation GenBank Ac i
cession
clade
Number
T1 GAE USA U07400
T2 old distilled water USA AFO
| 19051
T3 keratitis UK S813
" 37
T4 keratitis Austria AF260723
Ta Tap water Austria AF260720
T4 Soil UK Uo7417
T4 keratitis UK AF019062
T4 keratitis India U07401
T4 keratitis China AF019055
T4 - Mexico AF019056
T5 Nasal Mucosa Germany U94736
T6 Soil France AF019063
T7* Lab water USA AF479546
T8* Freshwater USA AF479545
To* Soil France AF479544
T10 Human cell culture USA AF019067
T11 Marine sediment USA AF019069
T12 GAE BWI AF019070
* - Not used in the analysis since generated large

Y T

gaps in the alignment




l. 7-‘ 118 5 3
- l] ) C‘”]Hi.‘\li]]” l\j- 1 ] ) ) ) "
i sinele Ve (
ll[]tll IC 1.‘ I )
cuelon (SLh['L LdLl‘ el (a’l UU] 1 OI'de
L ) l[ | (
0T 11]' 1o

L‘Lllli|‘li > ) O e e r 10 Y e -
C 1]]L " 1 1 ) [SA A ) S 1 £y
.ll li]l\ { § S )
‘.)1 lll 5 ll o b -
g e ¢ . \
— 2 L[l(.,(.l]l\' .
- IvVe

LL!! 1.
master
alignm
(48!
{ was made with same set of ref
reference s
qu.ll.nLL‘v

1634-1831 bp) of 185 rRNA gene. hicl
gene. which we

=

In ; m
addito
n. another
¢l 197 hp ‘ '
amplimer (

(lc\lﬂ 1
Sl L’!ICL{ ds —l- SO \ =l )] ‘ LIC
= ds l)l \ )
. \;.1.\' 'll..( 2\ < 3 = C ¢ g ) [8]
. . P nu ; ‘(“.i l‘ 8
L . (O]}

all 1l
e am I
amplimers  wer ' '
. cre Inore rence
(ian ]\ elerence O lvc.rn.'humm'hu castellanii N
ank '\(_' . . : ! ci‘i‘ [ i
y cession NO : strain.
NGO, l [”-11() ]hk.lLiOI'.. .,11[0”Ll]'l sevenl S S P
¥ f:‘lon\ (A A. ] C
1 -

1, A&C
. 4 -,\i{\ ‘\ I) 5 5
F1-DI4 v oc <IN
) of 18S rDNA were analyzed and compared to th
e complete

SCL]L[ ’ :
ChNCine .
1) LI 1
= ["the same :.:’,L‘I]C (I'IS_'.UI'C (72)

6.2.8
. - l) ;
hylogenetic analysis
Contfi ‘
hhd s .
ence in g = o ffild
venetlc E [y e
h genetic affiliation inferred by different sequence data sets
00tstr ata sets was tested by
strap analysi :
d Lll\'SIH P ‘o 5 <
. ysis. Lot this purpose the sequenee data was resampled 100 tit
SEQBOG nes using
OT. . i
. and cac . . 1PQ -
p | each of the resampled datd set was then used to calculat
- ate genetic
Sl“‘l‘lil[c&; N ~ T B
s using DNJ\DISI [he multiple ' i
g y . iple distance matrices /
s were then us
used
o/ 109§ 1 1
e/topologies showing gene ctic relationship between th
.

lo
ceconstr
nstruct the distances ¢
.o UPGMA (

iS()l.

ates

s and referenc ' I
reference nncmol'g"”“sms usiie

Unweighte ir gr
eighted pair group with

ari]
]IT}Q['
Ic me i . v d
1can buqucntml clustering pros_rram). Majority rule (50%) consensus t
wer Irecs
re ¢
onstructed fi . .
ucted for the topologies using € -ONSENSE. All these analyses Were A
e done
e version 3.6 (Fclsenstein 1985).

uSin J
g the PHYLIP package

6.2
9 C
alculation of the perccnt dlSSimilal‘lf)’ yvalues
Ap
art
| | ‘ .
om constructing trees for each of the regions: dissimilarity values were
atched pases 1N pairwise comparison of sequences



YR
PTG

“.- h lll ll

Cill(.‘llkllc . v )
d h.\ l)\\l )l\ ] pr(‘,‘:’rlln] Uf th Pl l\’L”) < ‘k e VT 1 3 1

pil amelter SS eSS ere ca
I n]UdL‘l [)l ssTm| 1
. hh Ilnllill'l[V \"dlll s were € i
I ) S ) l'lllr. lCd \\'Ilh seq ¢S .
( a uences Oblamed 1"
rom

seven 18S . .
rDNA  domains and complete 185 rRNA gene. These values
gene. were

calculat
ed 1o determine : .
determine the taxonomic status of Indian isolates and to compare tl
ne

didenact:

iagnostic values of each of these amplimers of 18S rDNA gene with complete
sequence of the gene. Such a comparison was possible only for seven Indian isolates
for wwhi

or which sequence data for complete gene and seven domains were available
Iherefore the master alignment for this analysis included seven Indian isolates (Table

0.1 ) ¢
) and a set of - : -
1dasctof 18 .1 cumluumwlm reference strains (Table 6.3)

6.3 RESULTS

6.3
.1 Morphological classification
ged to group I while 6 of them

tes tested belon

Sev
en ¢ . :
1 among the 17 amocbaé isola

h R .
clonged to Group 11 and J4 isolates belonged 10 group [11 (Table 6.1)-

6.
3.2 Genotyping using 18S rRNA gene sequences

6.3.2.1 Complete 185 'DNA
Complete 185 rRNA gene sequences were obtained for seven Jeanthamoeba isolates.
1193 - 2250 bp. The sequences of the seven Indian
yielded 3199 bp long aligne d

The g ‘
€ s1ze of the gene ranged from =

iso] .

ates when aligned with

S€quence set and this Was without the remova] of ambiguous bases. gaps and intronic
gaps In the alignment,

he sequenc
ences specific to

regs
glon. Manual VieWing of t
the genotyP® _T9. Hence sequ

Whj
ch were mainly attributed ©

-



thk SU O e . TR RRY 1 1 l 5 | ] p )
gCt l\ l C WECT ¢l [} ) 4 '\ 1S¢
1 Fel 10\ [ = el
= 8 L l ¢ ill.._]]in&l]l ¢ Vi It 1
[R] ) e ( ()(‘.!I 1‘!' SCS
l

4\ “[]nu .\ ) ) ‘ el T ~ . -y 5
xtll ]| re ' ) ) Sp { ( ) ( 1t 1 1CC
- CITC \Ll] L . [ - CICI
) ) ) 1 l ) l an l 'l“" l z}
C

2CnNoty o 1o)
= ype reduce
& 4 ' '
d ILI]:__’[h of the ;lll*..']k‘d sequences Lo 99 1
! ! L& DASCS.

I.hl' B
l hL‘”()” 5
-—[t“]] ey U = ¢ ¢ 1 1 > ¢
«l'LLl ll]t]l LlII |l'|k.]]ell1 lh()l'dll.‘. ”].(.)“ ‘i 1
A = ] C l()L'L.[hCl. \\][h |'(‘l-l‘l-l‘n('
= = c

1.3). | » of the jan 1
). None of the Indian isolates grouped

sequenc
cl : | g
s belonging o 4 cenotype (Freure (
with 13 h
Sand T11 g
penotvpe -
| g (pe although they have been documented in literat
s erature to be
SESL genotypes o 1 T
E ypes o T4 ['he oenetic | iti
. g etic identities WwWere S
o ‘ re supported by hi
11eh bootstr
J = v Idp

Values.

Diicci s Lot
Issimilarity values were calculated using master alignment of 2299 bp. Mini
average sequence di —_ - 2297 0p. mimum
genotype ] .I,LHLC dissimilarity benween (he genotypes Was 3.73%. which was between
! ype 13 and 1T (Table 0.4). Hence. any Acanthamoeba isolate witlh
dissimilari

stimilarity value more (han 3.73% was groupcd in another genotype. Sequence

DN : s Average [II.S'S’””I(U'H:]' "(II!I(,’S i [)(IU'I'UISL’ C(”"p(”?s{)” Ofc(?lﬂp[(,’f(,’ 1885
DNA se i 7 Ac ; |

T5

oe
Til 712 T4-ref Cs-Ind

T6 T10

Tl T2 T3

ipimunt average

it and m

ent 1he Xt

The v : '
¢ values in bold face repres
¢ gmm} pes

neeell th

dissimi :
issimilarity values be



———y
Tl - A castellani CDC:0981:V006 (U07400)

e 14 A royreba Oak Ridge(U07417

100 e | \/PE|:L98/00
100

'1—0;—' T4 - A polyphaga Nagingfon AF019062
b= | \/PEI: L749/98
r-—'m A sp. Liu-E1( AF019055)

> =14~ Athysodes (AF260720)

66

14 - A.polyphaga HC-2 (AF019056)

94
e 14 - A haitchetti 3ST(AF260723)

100

59 LVPEI: L1002/99
a3 LVPEI:L773/96
LVPEL:L1060/96

100 s | \/PEI: L1629/99

10 Qe | \/PE:L565/97

53
= T4 - A castellanii (U07401)

= 13 A rifTIN H37 (581337)

100 100
— 111 A stevenson RBF 1 (AF019069)

15 - A. lenticulafa strain 118 U94736)

100 g 110 - A.stevensoni REFI (AFO19069)

100
— 112 - A.healyl (AF019070)

r"" 16 - A pa!esﬁnensr’s 2802 ( AF019063)
"122"" 12-A polyphagd OX-1 (AFO19051)

100

Figure 6.3: UPGMA tre€ based on complete sequences of 18S ;:Rj\zquen e J'ror
7 Acanthamoeba strains isolated from non-contact lens associated keratitis
pels with prefix LVPEI) are included in the T4
] ted in red color.
1 o included il the study are represen
t ’;zf;tr:i::; values. The accession 1t umbers of the reference
are the b 5.

EMBL data pase are given in the parenthes;‘S.

Note that all the isolates from™ [ndia (entries la

genotype. The 7 Acanthamoeba
The numbers at the node
sequences obtained from




L]i.\_\i[ ']il'“'- 3 =Y > 1
ariy ] LW ee 14 1e :
3 . e [!]dldl] l.\l‘lillcfﬁ' Llnd rL‘lL‘l'L\]‘!CL‘ SL:L]UC“CLS l‘LlUn“inU lU '["

genotype 1 '
£ vpe ranged from 0.01 -2 Q%% WI d
g ) 2. . AV & 5 Thi
» with an average of 3 12%. This value was less

dn 3 l ' o] O l ‘ ) [l]\ l ‘ O 1 e e Qe » Vi
‘h 3 1 N . . N N A rav
Ll]l [nk]ixl“ I (‘]Ll[k.\ l L] il = 8] \I . \ = L(.]Ll ne
) CNCe o k”] C ( C C = C C o C C

Lli.\\;i]]]i[- ‘1 ’ ! 527 Ct 4 S 4 8}
‘ arin hL‘l\\ ;= A - e & ) T o :
3 Cen ]_1 JHLI [ was o.= : 0. W hllC hL."l\\" N l ﬂﬂLl ll l was 4. —O/n

(Table 6.4).

(.3 ') N .
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N o
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(Table 6.5).
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Table 6.5

h. 3 lver .8 . Lra. . . . .
of 4SS fverage dissimilarity values in pairwise comparison of partial sequences
A.ST amplimer . pecific 10 18S rDNA sequences from 7 Acanthamoeba isolates

- Tl T2 T3 TS T6 Tio Tl T12 T4 Cs-Ind
1

_ ——

r2 17.02

ems ~ /-

I3 996 o

Ts (302 g4 1219

__Te6 16.43 4.74M

1256 11.82 14.73

_TI0 1099 1551
_ T 934 17.63 799 S0 1675 1163
531 1637 455 11.78

_ T2 1079 1694 112 |
Tdref 930 1704 591 1316 1026 500 550 1195 2.48
628 1218 516 1187 207 218

Cs-lnd 953 1733 632 13.27

The values in bold face represent the maximum and minimum average

dissimilarity values penveen the genotypes

6. .
3.2.3 GP-P1 amplimer
f the 23 Acan!hamoeba isolates

jed from each o

Approximately 253 bp were amplit
(Figure 6.6). After omitting the primer sequences number of alignable bases for this
amplimer was 242. The tree topology obtained from (his sequence alignment Was
identical 1o the one obtained by ASA.S1 amplimer. although it was not supported by
very high bootstrap values (Figure 6.7). Minimum sequence dissimilarity between
genotypes was 1.32% that was between 13 and T11 genotype hence the cut off value.
to group any isolate in genotype Was | 32%. Percent dissimilarity between Indian
isolates an d reference T 4 genot ype strains ranged from 0-6.04% with an average of
3.73%. Dissimilarity value petween T3 and T4 Was 5%. while between T11 and T4

was 5.05% (Table 6.6)
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comparison of partial sequences

Table 6.6: Average dissimilarity values in pairwise
ba isolates

of GP -P1 specific to 185 rDN-1 sequences from 7 Acanthamoe
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Td-ref =, < ~ TR T 5z 8.2 .
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—_—

The values in bold face repre
values henveen the genolypes

l ini verage dissimilarity
sgenl the maximum and minimunt averds ;
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lable 0.1/1 Percenrs dissinlarify values berween gernonpes for six domains and complere sequence of 188 rRNA gene of

Acantharmoeba
Percent dissimilarity DF1 DF2 OF3 DF4 GP-frag ~ ASA.S1  Complete
213 bp 288 bp 115 bp 219 bp 242 bp 431 bp 2299 bp
Average : Indian isolates 6.13 7.01 8.98 1.08 3.8 2.18 2.08
Range 0-98 0-13.6 0-16.6 D-21 0-64 0-32 001-29
Average: T4 reference strains 1.2 6.02 9.88 0.71 34 2.48 214
Range 0-152 0-13.67 0-17.94 0-208 0-604 0-349 0-32
Average T4 and indian isolates 6.36 6.39 9.02 1.03 3.7 2.07 2812
Range 0-15.3 0-13.6 0-17.9 0-21 0-6.0 0-3.7 0-3.4
Minimum: sequence types 7.16 852 128 6.09 1.3 4.55 3.73
Range T716-41.8 52-534 12.9-1333 6.09-29. 8 1.3-17.2 46-176 3.73-396
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ECULAR DIAGNOSTIC
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6 490/02
7 503/02
] 512/02
9 513002
10 569/02
1o 570002
2 5770
13 603/02
14 604/02
15 607/02
16 63202
17 652002

Microsporidium

Actinomycetes

Direct smear examination

N Gram

GPC
Il

GPC

Microsporidium

Actinomycetes

Acanthamoeba cysts — Acanthamoeba cysts — Acanthamoeba cysts

1.‘1.‘
FE

Giemsa
Coccl
Q8 E
Cocel
Microsporidium
Cocci
bacilli
Actinomycetes

FF
vE

P AW R £
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Table 7 5-Correfation of nicrobiologrcal findings and POR results of CS from 535 consecutive patients (Phase 2)

Culture

Streptococcus pnenmaoniac
Pscudomonas acruginosa
Aspergillus fumigatus
Streptococcus pnewmoniae
ND

Staphvlococcus epidermidis
Pseudomonas aceruginosa
Streptococcus pneumoniae

Staphylococcus epidermidis

Ed

Pseudomonas aeruginosa
Nocardia asteroides

Acanthamoeba spp.

UTHI

Aspergillus niger

PCR



O30

FE e
653402 FE FI-
661/02 - Acanthamoceha cvsts
710/02 - GPC
F5/62 ND -
788/02 Acanthamoeba cysts | Acanthamoceba cvsts
862/02 - -
865/02 - -
877/02 - -
383/02 Actinomycetes -
386/02 EY 9y
889/02 - GPC
018/02 - L
925102 Acanthamoeba cysts | Acanthamoeba cysts
932/02 FF | FF
.9531'02 Acanthamoeba cysts ; Acanthamoeba cysts
956/02 FF | FF
995/02 ¥ FF
1001/02 - GPC. GNB
1004/02 - -
1009/02 FF I'F

1
I
ND
Cocct

ND

Acanthamoceba eyvsts

I'F
Coccl
Cocci

FE

Acanthamoeba cysts

Fi
Fi

Coceci. bacilli

FF

Aspergillus nicer

LT

Ntreptococcus pneumaoniae

Acanthamocha spp

« - harmolytic streprococci
Nocardia asteroids
Bipolaris spp.
Streptococcus pneumoniac
Streptococcus pneumoniae
Acanthamoeba spp.
FFusarium spp.
Acanthamoeba spp.
Aspergillus flavus

UTHE

Streptococcus pneumoniae
Pusteurella spp.

Fusarium spp.



MR

« - haemolvtic streptococci

Staphylococcus epidermidis

JY 107402 o8 Il - UleE
40 1015702 I FF FI Aspergillus flavis
41 101602 FF FE FE Aspergitlus flavus
42 104602 EF Ft FI Aspergillus tlavus
43 107002 Acanthamocha cysts — Acanthamocha cysts— Acanthamocha ¢y sis Acanthamocha spp
44 1132/02 - GPC Coccel @ - haemolvtic soreprococed
45 1148/02  Acanthamoeba cysts — Acanthamoceha cysts — Acanthamoceba cysts Acanthamoceha spp
46 V1777102~ Acanthamoeba cysts — Acanthamoeba evsts  Acanthamoeba cysts -
47 1201/02 - - - -
4% 1205/02  Acanthamoeba cysts  Acanthamoeba evsts — Acanthamoceba cysts Acanthamoceha spp.
49 1210/22 FE FE B Aspergillus fumigatus
50 1224/02 - 7 Cocei
51 1226/02 - - -
5 1243/00 i ) i Acanthamoeba spp.
23 1253/02 E ¥ FF Fusarium spp.
PE Fungal filaments CFw Calcofluor white
GPC Gram positive coccl ¥ Positive for Herpes simplex virus antigen / DNA
GNB Gram negative bacilli - Negative
UIHF Unidentified hyaline fungus ND Not done
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N S Culture
est it
Positiv .
Smear positive 7 2
Sens = 87.5% FP = 4.4%
ppvV = 77.8%
S ey 3 . 2
meat []cg;ltl"c ~ l -y 43
FN =12.07% Spec = 05.6%
NPV =97.7%
Y
PCR positive , 7 o 1
Sens = 87.5% FP=2%
ppV = 87.5%
Y /
PCR negative - L s 9
FN = 12.5% Spee = 97.8%
- NPV = 97.8%
:cns‘ Sensitivity
[PJLL Specificity
\1 )\ Positive plL,dlLll\L value
. \]‘\ Negative pn_du,lm. value
s - False negative rate
- False positive rate
7.2
3 DISCUSSION
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NV PCR and the other 43 corneal scrapings. culture/smear pusilivc for bacterial. fungal
and viral keratitis were negative: Convinced of the results of specificity of the assay.
We evaluated this test on 33 €ases ol suspected microbial keratitis. To the best of our
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armamentarium of diagnostic methods 1n a microbiology |aboratory. Additionally.
the short time taken by the PCR test 1s a distinct advantage over the culture method.
Hence, we strongly helieve that the PCR based diugnoslic assay. coupled with smear
CNamination. will be verd helpful and desirable for rapid diagnosis of Acanthamoebu
Keratitis and e confirmatory in clinically suspected €ases with or without culture

results,

The high clinical value of PCR N the diagnosis of .-1czmihamucha keratitis has been
earlier shown by Lehmant &/ 4l (1998) who found @ sensitivity of 84%. which 1s
Similar 10 ours (87.5%). Although they used clinical diagnosis as the gold standard as
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traocular discases caused by canthamoeba Species in this part of the

world.

Vodkin ¢r ol (1992) were the {irst to use pCR for the genus: -specific detection of
Acanthamocha using primer pair ':\('.f\RN.f\.Ihrl383' and - ACARNA.rev1655".
which amplifies 272 bp of 18S rDNA. This primer pair was also tested by Lehmann
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evaluate a1 PCR based assay . | ‘
a PCR based assay agaimnst conventional methods tor the diagnosis of AK in

aclinical settinge.

Inclusi i | . B
usion of PCR for Acanthamoeba along with conventional methods of diagnosis of

non-\r: b L . - | \
n-viral miicrobial keralftis 12 expected 1o Improve the diagnosis ol Acanthamoeba

I. ratit ‘ 1 5 . 3 . ~ ege -
ceratitis in ocular microbiology laboratonics having molecular biology facilities.

While awareness regarding bacterial and fungal keratitis 18 relatively high in a
majority of the eye hospitals 1n India. as reflected in several publications. information
fegarding Acanthamochua keratitis 18 gmssl}' inadequate. The reported incidence of
Acanthamoceba keratitis in Indid varies from [-3% and the cases are predominantly in
non-contact lens wearers (Dzs\'amuni ot al 1998: Qharma ¢f al 2000:Srinivasan 1997).
lhrough this report. we would like 10 emphasize that with appropriate tests greater
humber of cases of _-JL'mn/mnmchu keratitis can be differentiated from bacterial.
]‘“”Lilll or viral keratitis and reated appropriatel}‘ pefore it is too late.

¢ R
73 18S and 265 rDNA BASED MULTIPLEX PCI

7.3.1 Materials and Mctlwds

isolates
7.3.1.1 Reference saraple 41 {-lcanthamneba isol:
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. -
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No. (%) of patients

Pati
atlie i .
Latient and Sample details

De
vldles
Females 15 (60)
Bovisrsise - 10 (40)
Hos B (years) 344 - 14.7
%:k‘ range (vears) g ;
O -0.
‘U“*-L'U‘llnn.ic status
Very Poor 18(72)
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& techniques
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phase of the study. in order 10 evaluate the multiplex assay the same set
of 33
Ja consec I T R : X
ceutive corneal scrapings samples (as described 1 section 7.2.1.2) were
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and Polymersac Chain Reaction analysis

Ty |
1.3 DNA extraction
Lo

DNA f

INA from the isolates and  the corneal gerapings Was extracted according
Procedure described cqrlier in section 7.2. | 3. Forthe standardization of the multiplex
PCR. two sets of primers Were included: one specific 1O 18S rDNA (Schroeder ¢/ al
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2001 )
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for cellular and molecular biology
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:\I"S_”w—H57—.-\[’53417‘)) and also blasted using in BLASTn search to
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PCR reactions were done in 20 pl. reactions using 1 or 3 ul of template DNA (for
amoebae and corneal searping samples 1-c>;pccli\'cl)'). Fach PCR reaction contained
I AmpliTaq Gold (Perkin Elmer. USA). 2 pM of each primer. 200 uM dNTPs and
LS mM MgCly and was amplificd for 35 three-step cycles of 94°C. 61°C and e
cach for 1 min. followed by final extension 01'72”0’5 min in thermocycler ! 1JR PTC-
200, The amplified products were resolved and visualized on othidium bromide
stained 1.5% agarose gel. In all the expcrimems. negative (water In place of template
DNA) and positive (D:'\f.»\ from A. c'a‘s'/y//am'i. /-\TCC—S(B 70) controls were used
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7.3.2  Results
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CHAPTER 8: SUMMARY AND CONCLUSIONS
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the prevalence of infectious keratitis varies {from region 10 region. We still believe that
AK s prevalent bhut Undi;lgnﬂSCLI in other parts of the country-. Thus. this study calls
e done across the country to determine the

h should b

or epidemiological survey. W hic
eidence. prevalence and risk factors for Al
[ AK was 7 3% 1n Kkeratitis patients and

.avale e O
At our center we found that P“-\'dl"]m
is report is the largest series
99.4% of 1l (jents were an:Ontac[ lens wearers. This ref
1 patients ‘ ‘
. Clinical features of AK
g e center Clu
°f AK patients ever reported i literattre from 01
‘ ot 53 : £ AK
K. the initial clinical signs and symptoms ©
AK. 1h

f infectiou

etiology like pacteria and fungus.
S

‘\V"\ P Nr
Cre not pathognonmmt for

' 0
esembled any suppurative e keratitis

: - institute revealed that
: o es at our 1M
Bal | mic 1()1110105':’”331 techmd®
Valuation of conventiond L eba bt
| atect Acanthd .
t o techniqt® de
\ . o mo |
o ROR e e which many nphtlmlmologlsl
ta-\ |
e micros¢ op
FeO e . cive o
luired the use of C\pcﬂbl\t {hough he pOSlUVlt)‘ rate was
vE,

35S SGDS!U

C - .
annot afford. Culture was



mu hl (& 1 2 Ead 8] [ ol 2l W o > 1 e 1e [2 2 ! vl v ey
L I ll It [ o (§ 1 ( Al va \ ch1 Cl
< l 1 I'e o [a§=4 1
. |
i S ]S] 4 Il]u
( l ) \I

hLl 1 '\ ] |) e T > =Y
d owas ) . ( l\, ) Ve V¢ S 1 1 1
C - E €
[ [l ] i =
S 11 g ‘.

di']n! 3
JdUNOSES 1
= g Bl ‘-\hlL‘h l i S5 S
direc al 't
LL[[:\ -.l”CC[.' thL‘ UlllCUI]]C ﬂl‘lh ]

\\ »
¢ devel
C U[k‘d two PC
o PCR bas I
ased die S1C [
- diagnostic assays for the detection A
1Ical s¢ | e |
ldmplc\. ) | whamoeba i
) ) N | [ 1m
1 Lllllpll..\ Ll]](.l InLl]ll[)lC.\ P R assay W
C Ssa) ere SCll‘ii[i\"C g
K and S[)CCir
1C
f1son of Lll. x PC
ll[JlL.\ PCR and smear cx’amiml‘
. ation

for
th‘ O
genus ¢
us .Iumthumwhu. Compal
with
culture r
reveale : i
caled that sensitvity of PCR was sam tl
o ) as same as th “gmear
R at of smears. however the
Voanc ¢ POSILIVE &
positive and predictive values of PCR were marginally |
smear arginally vigher
R y higher than
xamination @' '
1 a* » it
atthough the difference Was not significant Sensitivi
smear = . Sensitivity of tl
ars wer 2 | -
ere high 1 is labor
gh this laboratory hecause W€ employ a stf ateoy of
. ategy 0O examini
. ning
smears and als h
ars d also have the adde / i
added advantage of usi < :
antag using KOH +CFW stal
g SWostaining
oCR di -
10 | CR did not offer much advantage but

thich have @ get up for PCR but are lackin
K INE,

lech
niqu
jue. We umdudu_d that in our settil

wor
ild defini ¢
efinitely ul i
initely be useful m |aboratorics W

L.'_\DC o
nsive T
¢ microscopes. This study s the

fo evaluate @ PCR based assay

first study

aoeay

gainst

o comventi } ) . ;
sentional me dhods for (he diagh 0sis gf AK in a clinical setting

led that amoebae

N
g UC]C .
Ull( 3 S -
le sequence based (:cnohpuw of 185 [RNA gene revea
150];
ated  f{r ) " .
from non-conmct lens assomated keratitis patients were indeed
enotype: The results also revealed that there

olates. Subgenus

o the T4 g€
lnmwebu is

Ae
‘unth

( r

moeha and bc,]onucd t
c diversity among the Acant
' n.fhmm)ehu isolates

C‘\-i&;l
. S . »
a high degree © f gcncti
class;
ssificati ; 5 :
cation based on nmrphology was 1nc01151slent since Acd
u1ouped together within the T4 genotype.

hQI

Ongj . . ‘

ging to different mor pholog ogical group- &

loge eneti€ - ferences ohtaincd from ASA.SI and DF4
ined from the complete

at phylt
nes Ob‘lrl

o are compat

We g
so concluded th

. to the ©

d
OMains of 18S IRN 2



S “l (S ] [ g 4 [ comp aecne cnis e I)L I SIVE. ( [lll) C al
- n 5 l 1C1
1 ny 1] B -
UCNC L Cy ( { 1 § ¢ C 1n I'SO1
1C

IL[ ( 11 v N l»,l 3 3 (% . a1 (7 l-. --,—l.-.
1Ll] INVC C ) ) S s F 111D 1M¢ ca ] 1SC( 1 1 )
\ n iL C
t].\
Olded. !I LS. }l.\ .\- \% < ]
S & [()
~ (l

Illil 0 l‘ﬁ e . . . ] X arker i\-\“l 1' Al Ne
oCnu ] : S € (S C 4
C ( S L C C C o !/ 1
1 [ }111 l
d

\J CCIMC 4 . r r 7] r f“ r!‘“ H 11 IC s‘r rr,i d r ’
a

strains |
s isolated fr
Sfrom non-contact lens associated keratitis patients from India
.

/}i vy
itro: drae susceptibili
g .\LI.\LLpl[hllll} test revealed that Brolene is not appropri'llc as. drug of
: 3 dd. g (
khll]tc l )
or Cre: ¥ :
the treatment ol ,}mm/mmuu/m. Both PHMB and CHx had lower MCC
ver than PHMB though was

but
when ¢ : i

en compared with cach other MCC of CHx was loy
NoL statist

statistically sienii

istically significant. Both pPHMDB and CHx arc excellent drugs for the

or in cnmhinalion.

lreat
almreait G A K o
went for AK cither alone

Revi

Review of the histopulholugic glides of corneal buuon/e\-’isceralcd material obtained

from ALK paticnts syealed (hat 27% of the samples showed granulomatous

flammation. lmmu1mphcnol}'hing of the cells revealed the presence of T-

]}'n]]-)h“ll}‘[cs aind nacrophages: Thus We conclude that gramllomatous inflammation

M the posterior corncal stromd is not an ancommon finding 1n AK and could possibly
e warranled to prove this.

idies ar

hg_' 1
Im : ] '
mune mediated. (though further stt




<

1P, Acanthamoeba keratitis. In: Pepose JS.

Alizadeh H. Nied.rkorn JY. McCulley
and immunity Mosby. USA.

Holland GN. Wilhelmus KR eds. Ocu
1906 ppll]()_j—l(n:.

lar infection

IM. McCulley IP.  [n vitro
isethionate against

1997: 16:94-100.

DR. Dougherty
and pentamidine

| tissue. Cornea

Alizadeh 11, Silvany RE. Meyer
amochicidal activity of propamidine
Acanthamocha species and oxicity to corned
as D. Foronda AS. Affonso HT.
tool for the characterization of

Alves JMP. Gusmao CX. Teixeira MMG. Freit
Braz J Med Biol Res

Random amplified pnl}‘mm'phic DNA profiles as a
Brazilian keratitis isolates of the genus Scanthamoeba.

2000: 33:19-206.

Q
=4

Araki-Sasaki K. Ohashi vy Sasabe T. Havashi K. Watanabe H. Tano Y. Handa H.

An SV40-immortalized human corneal cpithelial cell line and 1ts characterization.
e gt c. 16 14-62

[nvest Ophthalmol Vis Sei. 1995: 30 614-621.

Armstrone M. The pulhngcncsis of human Jcanthamoebd infection. Infect Dis

Rev 2000:2:65-73.

The use of Sorbarod filters significantly enhances growth of
¢ us ¢ g "

fect Dis Rev 2000a: 2.80-83.

Armstong M.
yhaga. In

Acanthamaoeha polvi
D. Hay J Selective effects of pentamidine on

. dy - .
release from zymosml-actl\-'alcd human

D. Cairns
994 16:394-396.

ted enzyme

Arnott MA. Bennett N
rm pharmaco 1

cvtosolic and gmnu]c—a
neutrophilic oranulocytes:

gsoc1a
] Phe
ha keratitis- A review of

Auran JD. Starr MB- Jakobiec FA. Acanthamo¢
literature. Cornea 19 . 6:2-20-
. o scanning slit confocal
' di VI [ vivo gcanning s )
LaBombare! 1004: 13:183-185.

Auran JD. Starr MB. [Loester Cl. e A case report. Corned

micl‘oscnpx‘ of .-Ic'um/mmuuba kerd
| - eoren M. Rapid
gkold - and A. Forsgren .

a ~nberg . Stal : a . \
e £ g e kolceh e ‘ olymerase chain reaction of
di'lg lm? [I l.IohalL ;;imp ex t‘nccphalltls by nested pol)

agnosis of herpes * ‘ 227:189-9
. 5 e : _)_)7 P
LC"Cbl'uspinu] fluid. Lanut I
Wrighl P Accmlhanmelm

0N - ) A a

Ficker LA.
- diagnosts: Ophtha

, o ’hl P f_\ I'L‘Vic\\. O{:
€ 1993a:7:719-

Bacon AS. Dart JK.

Keratitis: The value of carly

scker LA
atheson M. Fic
o bt keralitis. 984—1902, Ey

. Par G.
Bacon AS. Frazer DG- Df"l » hamot
72 consecutive cases ol Jeuntne

725,




Badenoch PR . T
denoch PR, Johnson AM. Christy PE. Coster DJ. A model of Acanthamoeba

keratitis in rat. Rev Infect Dis 1991 13: 5 445,

Behye Tbahani . oV
«dbehbahani A. Klapper PE. Valley PJ. Cleator GM. Detection of BK Virus
A extraction methods.

1in reaction: a comparison of DN

n 1.1Arinu by polvmerase che
I Virol Methods 1997: 67:161-160.

_Holland GN. Farley MK. Levenson

Hoft RI. Donzis PB
Am ]

Berger ST, Mondimo 13J.
of

J-. Successtul medical
Ophthalmol 1990: 110:395-403.

management Acanthamoeba keratitis.

Isolated human and rabbit eye: models of corneal toxicity.

Berry M. Easty DL
7:461-464

Loxicol in vitro 1993:
H.lmlcr PS. Cryvotherap) for medically unresponsive Acanthamoeba keratitis.
Cornea 1989: 8:100-11+
, NA. Lemp MA. Visvesvard GS. Acanthamoeba keratitis
with pcnclruling keratoplasty: ogenic

(ornea 1984 3:123-130.

Bl'l{_‘] )

ackman ). Rac

successfully treated Suggested 1mmun

mechanisms of action.
[nterstrain

[ L. Fuerst PA, Byres TJ.
restriction

Jcanthamoeba by

Bogler SA. Zarley €T Burianck
g:145-163.

mitochondrial DNA pol.\'nmrphism
» . 1 > Jqras
endonuclease analysts: Mol Biochem Paras

dctcclecl in
itol 1983:

Biiiills HE Whitchurst A K auffman CA. ,-'[L-unf!mnmehu si(;msitis and
& . s - ) - i 0- .207 .2
disseminated infeetion in a patient with AIDS. Infect Med 1999: 17:397-400.

g E. Lam DS. Byers TJ. Fuerst

Boo . Kelly ‘hu YW. Seal pV. Houal T

tom G, Koo DS and racking of ,-'Ic'amhcmmeba species isolates
C &

lens €ases and home water

¢ lenses.

DNA typing
Jong Kong.

contac . . ;
] Chin Microbiol

PA. 188 ribosomal
iis patients in I

from corneal scr

supplies of Aeanthano
2002:40:1621-1625.

] o R wus MM, Fuerst PA.
Booton GC. Led DR Awaad [1. Sharma 5y Nm]];N[\fll;zS uences: in:"femd
§ H . ) )(. "L‘ . el . I . ag: Y
Byres 'l']] Lfl:cmf/rmnnefm sitochondir 8 II‘DNA seqquences types. g
pLiat J. ‘ . aar Il osoma X : tl
phylogeny and support © mli/l;a.[\iqno— abral F. pernin P Pringuez E eds. IX"
abanes arcle athogenicity of free living amocbae

Billot-Bo ' .
Boney S. € _ .
I ‘nati ne he BIOIOgy a 1135
aermatonel S0 g g:;vt[?;rotexl. paris. 2001, PP 227-235.

' r SH. Bovee EC eds.

John ].ib
ee JI. Hunte

proceedings.
R . In: L _ .
arpente’ 180 [ awrence: gansas. Society of

hoscd
Lot rotozod.

Bovee EC. Class he P
‘;\“ illustrated guide '8t"]<1'1
Yrotoro . 1085.pp 10077 :
sologists, 1987 Pl , P
] |eratitis Ophthalmol Clin North America
celc :

Brady SE. Cohen EJ. Acun!/nurmebfl

199(): 3:537-544.




L

f’“/l ) " :
Vphaga [Mnnplu]mlmm.s. Cornea

H[ 1S
weur G Favennee L. '
¢ Perrin ‘he
¢ D. Chenu JP. Brasseur P. Successful treati
1994: 13:459-462. ament

ot Acant!
]
amaocha keratitis of hexamidine. Corn
ca

Brooks :

< Jr )G, Coster DL B

epitheli: s ' I. Badenoch PR. Acanth Jhet keratitis :

pithelial debridement. Cornea 1994: 13:186 lq(;mmu’m keratitis. Resolution after
. e ! B0 .

Acanthamoeba

Burke JP.
¢ . Webber SK. Kerr- AN uir MG. Talbot JE. Parsons MA
1092 11: 274-275. -

Byver
vers 11 Gr )
: 1. Growth, reproduction oo antiation |
= and differentic Fer
Cyvtol 1979:01 583-338 (ferentiation 1n fcanthamoeba. 1t Rev
itochondrial DNA v ariation as

Analy sis of mi
eha. ) Protozool

the genus . Acanthamo

=

B3N

mc_[\ 11, Bogler SA. Burianck LL.
& dp

pproach to sy stemic relationship in

L8
1983 30:198-203.
h'unmmmwhu. Amoeba. Entamoeba

3 -
vers 1L Molecular hiology of DNA in .

a
8 Naegleria. Int Rev Cytol 1980 99:311-341.
art V1. Genes of {canthamoehd: DNA. RNA and

Byvers 1

i’}uﬁ 1), Hugo ER. Stew
rote| :

protein _u.m_qm,mm( A review). Pmto/onl 1€ )90;37:178—238.

aspects of the Cell cycle and

\IOILLUlJI
g378-384.

[Hugo ER.
Yis 19912 13:

Byers 1), Kim BG. King LE,
Rev lnlu.ll

Jcanthamo¢ .

eneystment ol
[.edee DR. gchroeder JM. Awaad

4 DR. Gast RJ.
and pdthouemcm of of

Byvers TI. Booton G Srothar
MI. Fuerest PA. Srudies of the ph\lO‘ eny. b)blbm"“CS
Jq transfer RNA gene sequences. [n: Billot-
5 P. pringuez E eds. X"

; using nhmomal an

J Acanthamoehe
oney S. Cabanes P \4¢11u¢1no(ab[a )
g on lhc Biology and pathogcmul) of free-living amoebae
aris. 2001, PP 219

|
nternational meeting

proceedings. John [.ib
ing of multlpk nucleic acid and

cous editl
1989: 5 5:233-234

gjmultanco
31 Bioscl

Cabot 111 BLL]\thdLh Al
5 1* ( ]’1pll[
note. J Trop Med

)
protein sequences with L
[Caslcllani A An amoebd found 10 cultures of yeast: preliminary
lyg 1930: 33:160-
Cerva [.. Serbus € gkocil V solation ¢ of limax amoebac from nasal mucosa of
a l.. Serbus L. 2% . B
man. I‘olia Parasito (Praha 973130197'103'
| - an HE | BA. Hill IM- Early
Chew S. qsoulil'l . qufmarn HE, Barrol B y
. Beuermal K et - real ime € 2focal microscopy- CLAO
diagnosis of infectious ® : titis with in vh ree
) DN Azol: A reagent for the

11992:18:197-201.
Ue VV
. WIlfing€? oo, 29 550-553.

ac Tt K. DI‘C\‘\‘E’ .
[\1 ILl\ i s -lnqu](,S

C
hnmu\nsl\\ 28
11C

]
rapid isolation ol genolt




('hUIl‘_' [)l \ \ )
¢ ; u | 1\ . O . . - ,o " »
- [ ]\\ dn_ \ 1\ - 1\1”] I l ]. }\”]] ’I-O. YUI] HC. l\.( ].1” [W[li Sle ’C

classificat -
~ ation of ¢

Acd ’ it
80, cunthamoeba by riboprinting.

[alamo JH. Acanthamoeba keratitis:

¢ Chn '
nn -
cont . ]|\\' Lopez MA. Pavan-langston D.-
act lens and non-¢ ¥ i
= IS 1- dac¢ -,
vy contact lens characteristics. ()phlhaimol 1995: 102:1369-
¢ Chy '
vin B W al: :
A e 1 : [alamo JHL Scligman MS. {canthamocebu keratitis: is water exposure
ue risk factor? CLAO A 1997:23:55-6. spRREE
Visvesvara

¢ (ol
e - Jaae !
en 1-0. Buchanan HW. [ aughrea PA Adams CP. Galentine PG.
agement ol

O Tsiher -

rl'.' Folberg R. Arentsen JJ. Laibson PR. Diagnosis and man

Acanthamoeba keratitis. AM J ()phlhztlnuﬂ 1985;100:380-95.

Arentsen JJ. Genvert Gl Fagle RC Jr. Wieland MR.
1ent of » Am ]

nd surgical treatn Immhmnue.’m keratitis.

O
(u.hcn 1-J. Parlato CJL
Laibson PR.  Medical

Ophthalmol 1987: 103:615-62>
protozod and protists: the current status. In: Coombs
ry relationships among

’ ' & ] .- . -~
E-'(”]I'\.b 1O, Classification of
i1 Viekerman K. Sleigh MA. Warren A eds. Evolutiona
protozoa. Kluwer Academic publishers. Dordrecht. The Netherlands. 1998. pp
409-447.
Restriction enzyme

[loyd D- Griffiths AJ. Turner G.
{ members of the genus Acanthe
983:17:231-234.

¢ (o . o

Costas M. Edwards SW. '
analysis of miloclmmh'iu] DNA © moeba as an aid
FEMS I\«‘licmhinl Lett |

moeba isolates.

Lo taxonomy.
Acantha

’ . . i o 1'.‘ At i
Costas M. Griffitiis AJ- physiological characterization

J Protozool 19806: 33:304—309-
e aluati *the rabbit as @ model
a \ rrousdale MD. Ev aluation of the ra

‘ '
Cote MA. Irvine JA. R
Infect D1S

of Acanthamoebd kcralitis. Rev

on. In: Pepose

Jar infl ammatl
Mosby.

. of ocu
d immunty.

) (‘hcmical mediators cul
'R eds. Ocular infection an

& Cone
Cousins SW. Roust Bl
Jelmus |

JS. lolland GM. Wib

5. pP 61-64.
Treatment of advanced

Louis. 1996. Chapter 2+ 1
* € - "osenting MJ. ! _
(Ilcmona (. Carrasco . )dtlun e keratectomy and Con_]unctlval s
Acanthamoeba |eratitls with deep
Cornea 2002: 21: 7()5-708.
. activity of alkyl
* Crof Jergast /. Clan JH. Th‘-‘ ¢ .) ..\,_
roftSL.. Neal RA. Per erEe™  vatives qoainst [ eishmanid donovani.
phosphorycholine: and related (’EZIJWH l
1 ! A TR )
Biochem Pharmaco 987: 36:2063574 |
: wvations on animal
* Culb W inet IR Ammkmnmefm. bserve
“Wbertson CG. Smith 17 LB
son CG. >N A 77;1506.

pathogenicity. Seience



Culbertso
n CG. Smith 1Y
mice and mo \'. Cohen HK. Mi .
H ikevs by dcar inner JR. Experime i
- hie whamoe ba. A DLHIULIHHI infectl .
m J Pathol 1959: ection of
35:185-197.

(U““k ) ) ™ 8] ( .
SO (.‘([ [ ¢ . ( ¢ 1 .
. xl[l l“‘ il I b
= . ([f’”‘l“l n L'-’ u ([[ &
. 4 ] 1 l)d[l
Ol

1961: 35:195-202

Curs
on R1T.Br -
S Brown []. Kevs ; '

58 vt e \L_\.\I__-\. Virulence . . e

rsito] 1978: 64: 744743 irulence of pathogenic free-living amoebae. J
: 3. e ¢ ac. |

Immunity 10 pathogenic free-living amoebae

o ae:

.
ursons R 1. Brown 11 Keys L/
1980: 39:401-407.

role o .
i humoral antibody. Infect [mmun
Us g Sl .
¢ of cell cultures an indicator of pathogenicity of fr
& ) ee-

¢
- ursons RT. Brown T
\] o 9
ng amochae. J € lin Pathol 1978: 31:1-11.
Rlbobomal ribonucleic acid repeat

ja PJ. Paule MR.
restriction endonuclease map.

Gl
cloning and

[FAlocs
) :\Ith[U IM. Harris GH. P
ni o
t ol .-hml!/mmm’hu L'u.\‘!(’//nu.fl.

Bioc ;

C s e 2
hemistry ]981:2():3822—}827.
and successtul medical treatment

Dic wnoms
13:1120- 1123.

[ Avcopea €1 &

u|~‘}\u'\"] (i, Stern GA. Dricbew T.
Acanthamoceha keratitis. Arch ()phthalmnl 1995: 1
proach to the

Dt .
wweet PM. L 1pswmh . Sawyer Tk. Nerad 1A A molecular ap
Biosystems 1985: lb 399-405.

s
lh Jog geny of Acan

r

thamoe bl
R. Rao GN.

hanan M- Nldll\lldlh Shenoy
[ndia. lndian J Ophlhalmol

[, Janart
keratoplasty in

Dandona 1.. Ragu

[n e dod
dications for anleunw

¢ _
1997:45:163-68.

(echniques for various st
n the taxonomy of the order Amoebida. Ann.

idies on gmall free-

D S
15 SR Impmtanu ol zlppl'UPlldl
¢ bearing ©

[
S\ ing amocbac and thet
oc Belg Med Trop 1974: 54 235-247.
/‘\mndal\annan gridhar N- gundararaj T Studies
oie m EO 'nound (Chennal. Indian J

D L
avamani . Gnanase
moebd ke

on
the prevalence of ¢
52 ]'11.

Med Microbiol 1998: ]() (52
| total protein analysis DY
] Pr otozool

lsocnz_\fmc anc
] s 4 c'urm’n'mmalm.

agarose isoelectric
1983: 30:701-

De
¢ Jonckheere JF.
ixonomy 0

lncusmg and L
991;13: $385-387

706.
Zfect Dis 1

Jha. ReY I

De _
¢ Jonckheere. E

amham(

) 03:287:27—33.

De Jonckheere JE- Epidcmiologica] 1}"P111g8 halniol 2
Keratitis cases in Belgiun- 1 So¢ Belge PR
5 s o central corneal
di Biscerglic AM: € mic Il Factors P! pos’ 37 1; 770 : :
erglie AV ar 9 , L
ing l, pll]dt 101 Ah =

ulee
eration in a dev elop



BA. Bruckner DA. Microbial analysis of

I) 1 1 S
ON/ls I)I;. ,\]U”Ll”]“ I;.'. \\'L‘ib‘.'llllm
,-"\n] .l ()[ )hthﬂl[nol

contact lens car
ire svstems contaminated with Acanthamoeba

1089:108:33 -50.
Dougherty :
g Pl. Binder PS M i
A S.  Mondino BJ. Glasgow Bl. Ac
Aml ()phlhulnm] 1994: 117:475-479. ) he puotBIGTHERA

sclerokeratitis.
Douvl: I
olas M 'S - classification of
cultures of : .\nl_u.\ on the classification of the amoeba found by Castellani |
es of veast like fungus. 1 Trop Med Hve 1930: 33:258 . e
Dart JK. Morlet N. Allan BD. Matheson M. Ficker L. Tuft S
oeha keratitis (reated with 1)01)'110-\'1““0111.\’1 biguanide and

10l l‘)*)7:l()-l:1587—1592.

Duguid 1G.
( . &
yutcome ol Acanthan

propamidine. Oph:haln
Dutardin 1. Histori o

1 jardin 1. Thstorie naturelle des soophytes infusoires. Librairie Encvclpedique
de Roret. Paris. 1841. '
Dum: Y - ‘ iti i

l uma RJ Telwig WB. Martinz Ad. Mcm11gocnccphulll|s and brain abscess due
0 a free-living amoeba. Ann [ntern Med 1978: 8:468-473.
GC. Byers TJ. ,-1ccm!fmmoem:z strains

JM. Booton
] Parasitol 1999; 85:1 106-1113.

l.om J. Schroeder
{ishes.

Dyvkova 1.
15 of fresh water

1solated from orgdl

Fibl 11 Uneer C. [lgxudccv|]ﬂ?ﬂﬁlﬂﬂwholi”c: a2 new and selective antitumor drug.
1990: 17:333—343.

of in vilro

Cancer Treat Rev
s Sci 1994:

Flder MJ. Kilvington §. Dart JKG. A clinicopalhologic study
Sensitvity u;sling-:md _Ic'um‘/m;nuuhu Leratitis. Invest Ophthalmol Vi

35:1059-1064
ancet 1995:

]‘] ,..[ ! I\" 'I‘ : “'“-I- ~I I\’-(.‘l C l]b“l()lllhl.a}.) V 1‘01- .'1(,‘(]”’/“”””{’/)(’ 1\’Ll.all 15. ]

‘)"'I'W: ;()]",::) .

I \ V] .\'L";\““”l S I I()Ll[’d(. l: . j R p[ l ¢ iﬂg“()sis Ut.
i S Shdle N : : l a -( 'I1 g . |

I'c ol - 3G ( 1

Fpstein RJ. Wilson
986: 104 3

Acanthamoebd Leratitis

Staming. Arch Ophlhaimo
ive keratitis ina

cidence of ulcerat
1 93: 111:1665-

Erie JC. Nevitt MP. Hodge P+ pallard ]38]8 I,IArch = Chatmol |
defined pOpu]ation from 950 through :
. iples and applicutio

1671.

n tor

Erlich HA. Basic methodolos in g
Freemal and CO-

DNA amplificatiof: wH

ising the pootstrap-

approach U

[_'”lﬁtnslcm I. Confidenct
volution 1985: 39 3




the alternative pathway of

.\. ‘(' ¢ = 'S ) )1
]\ win [\L“L\ I;. .'\Lll\.t’ll‘. n C

Ferrante
uthamoeba culbertsont. Clin Exp

complement by e
stimulated mononuclear

| T
errante A\ A DY ] 1
lCIl[ .‘l{‘dl?fh(ll”()(’h(l

leuk
ocyles aug
_.me""" ' I
gments munnphlla-mcdmlcd killing of a viru

spp. Infect Immun 1986: 51 607-617

Ierr
rante . B 1 :
Ay ates Il 3 ic I
[.Llh}d.‘w in the pullmgcmc 11‘cc—|i\'inu amoebae Naegleri
Intect Immun 1988: 56:3330-3?”1 RS

a .
nd Acanthamoeba spp-
Ferra
ante -
¢ AL Immunmty o ,-1('c.rm}mmm'hu. Rev Infect Dis 1991: 13: S403-409
Ficker | |
er 1. D Se:
Gisposabl .| FL!I][\.] P Scal D. Wright P. .-fc'um/mnmv!m keratitis occurring witl
sable contact lens wear. AmJ ()phllmlmol 1989:108:433. ; 1
er | AL Kirkness . Wrigl 2 - is f i
. ss (. oht P. Prognosis for kert lasty
kit righ 2nost: ¢ keratoplasty 11 Acanthane
eratitis. ()phlhulnm] DRRE 100:103-110. vt

Grar

C 38 / Aot 10 ST L & iQ 2

o Iner HA. MartineZ AJ. Visvesvard GS. Sotrel A. Granulomatous amebic
ce il e, . . o
ephalitis nan AIDS pzmcnl. Neurol 1991: 41:1‘)93-]093
New technique for the cvtologic
1 corneal cpilhcliul serapings. Am

wp. Folberg R.

Gar
ardner 1M, Mathers
‘ft'tu’l”/hn’ih‘(}{'hﬂ (To1

lt_lcnli [Tcation u!'prcsumcd ;
)phthalmol 1999 |27:207-209.
keratitis: hypothcsis based on a

{ .-Ic'umhcmmclm
1 1993: 77:366-370.

A. l’ulhogcncsis
] ()ph[halmo

Garner
his . : .

stological analysis of 30 cases- Br
Gast RJ. Byres 171, Genus and subgenus spe gonuclcotidc probes for
parastito 260.

Mol Biochem
systematics of

Acanthamoceba
otic Microbiol

Gast RJ. Ledee DR. Fuerst pA. Byers TJ. Subgenus
Aecunthaigeba’ TOUE quclear 185 DNA sequence types- ] Eukary

1996: 43: 498-504.
{ and the

of an .‘Icumlmmoe!m speciﬁc reverse dot-blo
' Microbiol2001:48:609—615,

type- | Eukaryoti€

Gast RJ. Dcvelopmcm

q new riobo
o effectiveness of

[n vih
Antimicrob

-qolia M.
1 cornea.

7. Ramad p. Sc
isolates from humal

discovery of

(Ia“.i S. Cevini C. Bruno A Penso
povidone-lodine ©OP .—Ic'anh’numwhu
Agents Chemother 1979 5:2232-22
: - el -atsche TR Milochondrial
Gautom RK. LorY S. Sc\'edil‘ﬂshll 5 Bilguoﬂ i-sgizltled fom linical nd
DN g ' 4¢ n/humuc ha o SPP: N
I\‘_/\ hngcrprmlmg “'}L;\I/I' s 9()4:32:1070%
environmental source> 1 Chn ict
: " } <. G Gevere
Gebauer A. McGhee LN Uﬁw‘f)ld 0. .10-57‘3-5
uqtru]in. ye 19962177 i

ceratitis in temperate

microhial
80.




and limbus. In: Smolin G. Thoft

1. cornea
Little Brown.

Crp : 5 :
iipson I K. Anatomy of the conjunctive
ation and clinical practice.

[) X _— R
1\ \ c¢ds. The cornea - Scientihic found
Joston. 1994, 3™ _dition. pp 3-3.

> Smolin G. Incidence of corneal

A, Whitcher JP.
nic Epidemiol 1996:3:159-

Gonzales CA. Srinivasan
south India. Ophthal

ulceration in Madural District.
166.

ara G. Cleary Tl
associated  with
Arch Pathol Lab

Martinez Al Visvesy

Dickinson G.
syndrome

immunodeficiency
up]mrlunislic organisms.

Gonzales MM Gould I
Acquired

Hensley G
nd other

Acanthamoeba infection a

Med 1986: 110:749-751
Dart JK. Amocbicidal efficacy of hexamidine. compared
and paromom_\fcin (abstract) Invest

Gray T B. Kilvington S.
with PHMB. chlorhexidine. pmpumidinc
Ophthalmol Vis Sei 1996: 37(suppl): 875.

Hull DS. Chlorhexidine effects on corneal

ron V. Bowman K.
1980: 98:1273-1278.

Green K. Livings
Arch Ophlhulmol

epithelium and cndothelium.
reaction 10 Descemet's membrane.

G anulomatous

Green WR. Zimmerman [I-. Gr
Am J Ophthalmol 1907 (4:555-338.
TC. Nel 5 \ minor groove ‘ecoenition properties
¢, Neidle S DNA minot groove recog
=T deling study- Mol Pharmacol 1993:

Greenidge PA. Jenkin
(s analogs: @ molecular mo

of pentamidine and 1

43:982-988

ation 10 cukaryotic 'RNAs: small subunit

b - ~
Gene

[lanil and Fuglend gracills.

Soein ML. [ ength varl
" ha caste

( ]U]]Llcann J] 1
.-Icumhunmu

rRNAs from the pmlih‘lH
1986:44:63-70.
cridine orange staining for rapid

Hahn TW. O'Brein TP gah WJ. Kim JH. Cﬁ\lthﬂlmol ange suinie
. “1cumhmnueha Keratitis. Japan J Ophthe

An immortalized hamster corneal

ha keratitis.

diagnosis of .
of 4 canthamoe

. RR. Riley LK. AD
-2 | . nathogenests

! l'[]c . eyt

alenda RM. Grevan ¥ 5

: ) . ..« of the P¢

epithelial cell line for SLUd;Lb,,LItOt P

Current IFve Res 1998: 17 225-43% o .

‘ 9 ldentiﬁcation of antianglogenic
Cornea

4 Q) hanu
1: . ;. Kaim , £haltz membrane.
Hao v Ma DIl HWEC )O(;tcins in  human
A

and anti-inﬂammator}’
Arch protistenk.

anmiotiC

2000:19:348-352. |
. par sitische amoeben:

Hartmann M Untcrsuclmngen uber pard

1910- 19 :

e ht P Drug resistance and Amngzné?(:ib—a
W]lglt . = '[hel'ﬁpy 4ye 19 :8:5 33_

S - . rot0z0d chemo

- o antipro

Hay J, Kirkiness CM ative
keratitis: The quest v altert
263,




He Y, MeC

. NeCulle ) Alizade i
e II{I;} Q - .l\h/dd‘.h H’. Pidherney M. Mellon . Ubelaker JE. Stewart
Lo \i.;- .HI:L m}mm 1.I\. A pig model of Acanthamoeba .kcr'-uiltis-
5 o 4 contaminated contact ens 1 1993
. ted contact lens. Invest Ophthalmol Vis Sci 1993:
Acanthamoeba endophthalmitis

boli AC. Stieritz D.
pllmlmo] 1996: 122:584-580.

Hettler K. |- ckhardt I'). Re
AmlJ O

in acquired i A

wequired immunodeticienc? syndrome.
Identification of a new

responding to the species

1992 (Lobosea:

Hewe 3 ; ' i

I vett MK, Robinson 3S. Monis pT. Saint CP.
.fuIH.'/I(HHHL':”(.' 188 rRNA gene sequence Lype cor
A , 5 . . N I
\un.f/zummhu jacobsi Sawyer. Nerad and Visvesvard
Acanthamocbidae). Actd l’rnmzonl2()03:—12:335—330.
_Jensen A. Howard

ann C. Visvesvara GS
and review of the

[\111'5[ [ W, Green WR. Merz W. Kaufm
Mo Management ol _h'.:.rminmmuhu keratitis. A case report

literature. ()phllmlmnl 1984:91:1 105-11.
H. Production and

tellanii and their
Parasitol Int

(Obazawd

H. Kaneda X,
‘-fcumhmmwim cas

umibndics to

Hiwatashi FE. Tachibana
{canthamoeba SPP-

on of monucloncul

characterizati
application  for detection of palhngcmc ;

1997:46:197-205.
Holbach .M. Font RL. Naumanh GO. Herpes simp‘lc.\' slmmall and endothelial
keratitis: (i]'anulnmumus cell reactions at the level of DiSCCﬂ’lClS membrane. the
L o
stroma and Bowman's Javer. ()ph[hnlmol 1990: 97:722 728.

. i g H li .
Holland 15J. Alul 1T Meisler pDM. Epsteil j. Rotkis WM, _N?tl_]‘fm’on AL.
Liescoang 1) %‘ubcpilhclial infiltrates 10 {canthamoebd keratitis. Am
Ophthalmol 1991: [12:414-418.
e KWH, Wagner M. Novel bacterial

Hoiri | . ;. ) gchleifer KH. Wag \

orn M. Fritsche I'R. Gautom R relate the Parameciiin caudatum

999:1:357-367.

yeba SPP-

[Fpviron Microbio ]

endosymbionts ol .-Ic'um/zcum
: c'ur_\'f)p/zifu‘s’.

symbiont ( aedibacte!
elationship

in Hongkong t
Trop Med

/Iicrobial kcratilis
; Trans R Soc

Houang 5. Lam . Fan D Seal - disinfcctiOll.
o climate. environment and contact 1en®
Hyg 2001:95:361-307
i ? > A using
[ . 2j. Byers 1+ Purlhcauon of anmcl_m mTDl\’Jf using
lugo IR, Stewart v, Gast RI. BYe?? . 1] eds: protocols 10 PlOlOZOOlOg}’-
the UNSET proccdurc [n: Soldo LL? 1
Ak " 1002 =
Allen Press. Lawrence: [ ansas-: 1992. PP ' / b
. ot Jase of Acanthamoedd
Lethior arboX¥ 2", 95:203-209
Hugo IR, Byers TI. ©° \denosY' ™™ i’ ties hem J 1777 295:205-5%
. « - -" e "‘: i 0 erle' i ) “vacel 1 :
castellanii (nett): purtfict tor and P pN' .derkorn /- Alizadeh H. E‘\lambatlon (,)1.
goward e with a1li—n‘mcroph'ﬂf:’e inflammatoty

ha eratitis _1

Acanthamoe
roph!

protein 2 or antineut




[lingwor
l
h CD. Cook SD. Karabatsas CH. Easty DL. Acanthamoeba keratitis:

risk factors and outcome. Br J Ophthalmol 1995: 79:1078-1082.

Hlinewor ' : :
imevworth CD. Cook SD. Acanthamoeba keratitis. Surv Ophthalmol 1998:

42:493-508.
Y. Shimomura Y. Utility of

['ahara K. Kiritoshi A. Inouc
ha keratitis. Br J Ophthalmol

Inoue 1. Asari S.
detection of . Iccmf/mmue

fungitlora Y stain in rapid

]()()t) 8§3:0. \H’—(‘) 3 1
atural population of

in an
Protozool

heterogeneity
analysis.

[ M. Band RN Genelic
isoenzyme

i'll.‘uh
st SOn
from St)il. an

Acanthamoeba  polyphagd

1087:34:83-86.
[IM.  Free living amoebae as contaminants in monkey
1957: 96:484-488.

Jahnes WL Fullmer
proc Soc EXp Biol Med

Kidney tissues cultures.
Effect of Lmlimslcmicls in expcrimemal

I
- §440-442.

Sahm D. Rockey
t Dis 1991: 13

John 1. Lin 1. S
ratitis. Rev Infec

Acanthamoeba ke

fobre: gy e WS, O"day DM. Corneal toxicity of 131-opamidinc. Arch
Ophthalmol 1‘)‘%8 106:68- 62
sretinitis 10 the contralateral eye of the

Johns K. O'Day DM. Feman SS- Choric e e
patient with .1 cumhumuuhu keratits. Oph[halmol. 1988a: 95:635-639.
O'Day DM. E xamination of the

ha keratitis.

RD. Willmmb TE.
Acanthamoe

py: Ané aid in diagnosis of

WS, Robinson
0SCO

Johns KJ. Head
contact lens with [ight mlu

Rev Infect Dis 1991:13:427
averstock pR. Small subunit

son B.
Robins Jha. 1 Gen Microbiol 1990:

sty PE.
Ac nthamoe

ke R. Chri
. penus -

Johnson AM. Fi¢
1 in e 2

ribosomal RNA ¢V olutiot

136:1689-1698.
n ocular infection.

tory diagh 1081S 1
. Robinson 1\1/;1 LaboratCo C.1981.

Jones DB. Ilu,auan.c c10b ology: w sh %mnD
Cumitech 13, American soun,t)

er 1esented at the Ocular
Jones [DB. Robivson NR \/15\usvalM tnﬂ Pap i pT xas, September 1973.

. 1 i

Microbiology and Immun 1 ogy up binson _ ,«{camhcnnoelm pol}pllgga
(1lcd in Jones D : RO . with 1’3tal men]['lll"OGITCGphal][lS.
--'ci e
[ 5

_l“u'dlllls and lccmmulh’( eh 7,.95,9’|
I'rans ()phtlmlmol Soc€ K 19727

AmJ Oph{halmol 1986:

The U

U/?(I =

Jones DB. .Ah'um/mnm
102: 527-531.




Human corneal epithelial primary cultures

Kahn CR. Young L. Lee 1H. Rhim JS.
In vitro model for ocular studies. Invest

and cell lines with extended life span:
Ophthalmol Vs Cei 1993; 34:3429- 3441

k¢ N Y oo 12
ey SN 3rd. Green W R. Willaert L. Stevens AR. Key SN Jr. Keratitis due to
ort. Arch Ophthalmol

Ac :
canthamoeba castellanii. A clinicopathologic case Tep

1980; 98:473-479.

K1 .. - L .
wan NA. Pathogenicity. morphology and differentiation of Acanthamoeba. Curr

\Microbiol 2001 13:391-395.
nd ph\'s‘iologicnl differentiation

TA. Molecular a
+ Microbiol 2002;

Khan NA. Jarroll L. Paget
| non]mlhmmm canthamoeba. Cur

between pathogenic anc

43:197-202
i tools for spuuatmn and cpidmniological studies

Khan NA. Paget TA. \Inlu,u]a
2002a: 44 444-449.

e, Curr \[ll.mhml

ol Acanthamaoc
lum!hamuchu strains

Dil'l'uunmuon of .
icleases

b\ Libln" luﬂncllon endont

o JR. W hite DG.
]()()] 79:310- 314.

Kilvington S. Beeching
ronment

from infected corneds and the envi
digestion ol whole cell DNA. JC lin Microbiol
ic membrane patching

Amniot
[ollowing

Jeony JM. Song CY.
on wound healing |

ase activ m

a BK.
2000: 70:5 329-337.

hibits pmlun
Exp kye Res

Kim JS. Kim JC. N

promotes healing and M

alkali burn.
ansplantation in

acute corneal
brane tr

park wC. Amniotic mem

0:720-720.

“tlahn T W.

F\lim JS. Kim JC. 2
infectious corneal uleer- Corned 2001

/ quschuct? KK. Jcanthamoe ha sinusitis with
Kim SY. Syms M/J. ”““Ll MR&]][\J);U;;ULnt [ar No_s«.ilnoall »000a: 168:171-

subsequent dlssumnalm

174,
i, ] Med Microbiol

Kingston D.Warhurst DC. Is
tern of infectious keratitis:

1969:2:27-30.
.. g Ch 11]01110 pdl
Kinota S. Wong KW Biswas - [. Rao 1 ]‘1”“’81 features of Keratitis due to
Overview ol leu,dl and l 5017C}H . ar of infectious crystalline
ybhac e <
Acanthamoel r P‘Lq] My« .
ocha 0! 993: L 41:3-14
keratopathy:. [ndian lOphlh almol 1 = ] [
‘ 5 radus canthamoebd
K andiuk \. Suchel ngGwe'u st ] Ophthalmo!
1 oenig SB. Solor: ;1011 - Ll; pcrmemle contact 1!
keratitis associatec .
1987.103:832. _:Jentification of unknown
o GEDEME for 1€ ey
\ riboprintine > asitol 200~ 7. 40:25-3
Kong HIH. Chung DIF leve p ] Paras
pCCl“’ '

Acanthamoebu isolates a



D. Visvesvara GS. Treatment of

W anachiwanawin
798-802.

NKosrirukvongs P
Acantl hat keratitis wi
wmocha keratitis with chlorhexidine. Ophthalmol 1999:106:

1 Faele e 1 .
[-]. Lagle RC Jr. Udell [. Laibson PR. Histopathologic
o Keratitis. CLAO 1 1994;

[\I'L'I'Ilk.'l' l (‘Hhc]]
L'\il]U'lliUI] S I
3 I - (9 . 1 < ) 4 ;

Kulkarni '

Larni M. Bilateral Rer . .

LAt teral keratitis due o Acanthamoeba. Nethralaya Insight 1984:
Miller D. Rao GN. Corneal

Gopinathan L.
Brl Ophlhalmol 2000 :84:54-

l\lummnln DY, Sharma S. Garg P.
ulceration i : .

<()umlmn in the elderly m l[_\'dcrubml. south India.
l\;\. , : P 5 A ¥ 3 : *

N lc DI-. Noblet GP. Seasonal distribution ol thermotolerant free-living
amochac. 1. Willards Ponds. Protozool 1086:33:422-424. )
obe and polymerase

dioactive DNA pr
Mol Cell

['L“_-\'- Asgari M. Henney HR Jr. Non-rd
L)]mm reaction prnccdurcs for the spcciﬁc detection ol Jcanthamoeba.
Probes 1994: 8: 81-89-

Chandi SM.

K. Cherian M.
1 Clin

Lalitha MK. Anandi V. Srivastavd A. Thomas
_AfL-{m[/mm()chu L-u/hw'!.\'uni from patient with meningitis.

[solation of
_067.

Microbiol 1985: 21:000
Lam DS. Lyon D AS. Rao gK. Fan DS. Pol}-'hexamcthylcne biguanide
N ' iqo chroniC .—Iccmrhmmwim keratitis. Eye

(0.02%) alone is not

2000: 14: 678-679.
reliminary

Larkin DF-. Iiusn'-‘ DL ]fj,\'pcrimcntal Acamhum(m!'m keratitis: 1 P
finding. Br ()ph{hulmol 1990: 74:551-5

“ypetl nental lccmfh(mmeba
DL Exper 9 . 75: 421-424.

-aluation- Br Ophthalmol -

Trcatmcnt of A c'um/mnmeh.g
a92; 99:185-191.

55.
keratitis 1.

Larkin DF. Easty
Immunnhistochcmical e
; keratitis with

Larkin DI, Kilvinglo? . Dart JK.
: ophtl

de almol
D”I."hcxumcth\'lcnc blguamdu. 1all

Acamlmnoeba keratitis 1N

kuaku E-
M. Hagan M. A€
7 86:1187-1 188.

Leck AK. Matheson \!
Niszl IA. Markus

(‘l l Nk 31. v ()}}l]tlﬂlclll—llo i
3 Val .
‘ "W 5 Sh'l[‘l‘l’lﬂ - .." ]Cll\ : ; -
0 ‘. : ) I

M. Fuerst PA- BYSTS U solates
sequences to classity clinical 159 ates
Sci 2003: 44:1142-1147




cker LA. Larkin DF. Matheson MM.

Lee GA. Gray TR Dart JK. Pavesio CE. Fi
immunosuppression.

Acanthamoceba  sclerokeratitis: Treatment  with svstemic

Ophthalmol 2002: 109:1178-1182.

JY. Mannose induces the

Huang J. Niederkorn
JJanii. Infect Immun 1988:

[ cher 11, Silvany R. Alizadeh H.
A canthamoeba caste

release of evtopathic factors from
OGO S-]10).

M. Matheson MM. Dart
lysis of corneal epithelial
Invest Ophthalmol

Morlet N. Kilvington . Keys
tion and
cha keratitis.

[ chmann OJ. Green SM.
1K MeGill J1. Wau PJ. Polyme

LUNOSIS of

rase chain reac
and tear samples in the di lcanthamo
Vis Sci 1998: 39: 1261-1203.

isceptibility of 19 Australian

2. .—\nlimicmbiul st
2000; 28:1 19-124.

Lim I.. Coster DI Badenoch Pl
Clin Exp ()phthalmol

corneal 1solates 01‘,-lvmz!hunmuhu.
. Clinical signs and medical therapy ol

. NA. Doughman !
I hthalmol 1988 106:73-77.

[indquist 1D. She
earl; Acanthamoebd keraitis. Arch Op
Lindquist TD. Fritsche TR Grutzmacher RD. Geleral ectasia secondary to
5. Corneca 1990: 9:74-76.

Acanthamoeba leratitl
catment u1',-lc'umhf.'mwhu Keratitis. Cornea 1998: 17:11-0.
keratitis due 10

Lindquist TD. It
Jis 1981:143:662-

. vavens AR A casc of
Ma P. Willaert I Juechter E\B.. SI-L\.LnFlE)Caqu, et
Acanthamaoeha n New York. and features 0 :

A canthamoeba

T
o M. Thirkill ¢
Mannis MJ. Tamai R Rodd N\fl Ij:ilti:m Arch Ophthalmol 1986: 104
i ini fiagnostic © e

sclerokeratitis: Determining diagl
1313-1317.

' > AR Jha spp. Wwith

‘The interaction ol Acanthamoeb: ] _

DM Ihe 1 lines. J Eukaryouc Microbiol

e >
[one) ophage cell

Marci: ‘., ke v
Marciano-Cabral I h
‘ 5 & vith macl
activated macrophage? and with meé
1998 45:452-458. fd —
qeent O iseasc 1 ‘
,ba Spp- 45 4
3 Ac'anfhmnc)c.

Marciano-Cabral F- Cab:'a 2{573_307
e o - 1701 -has Brain pathol 1997:
GS. Free [iving amphizoic amebas.

Martinez AJ. Visvesvard 3S.

o C Gold . Visvesvara GS. Lemp
¢ Rodrigu® ©/ chat - ';m electron microscopy of

Mathers W cavens O T & hology R

Mathers W. Steven® J : lmlmmopliil;cl)l ,)’7: 103:626—655.

MA. - 7immerman  LE-
A, /‘”mh“mlqtitiq AamJ Ophtha
Atitis:

Acanthamoebd ker




<

A. Wenzel RP. Elgin RG. Outbreak

\rthers WIS -
\Mathers WD, Sutphin JE. Folberg R. Meier P
Am J Ophthalmol 1996:

of keratutis pres

atitls presume  cause '
]j]-_]:u)_]_p[ ed to be caused by Acanthamoeba.
ME. Allen RC. Folberg R.
Acanthamoeba keratitis using

1 2000: 118:178-183.

§I©. Lane JL. Wilson
y diagnosis of
\rch Ophthalmo

Rl ; .
(.Ltlh}]\ W, Nelson
I . . .
onfirmation of confocal microscop

3 R ] :
polymerase cham reaction analysis.
[Howard K. Niederkorn JY. Alizadch H. Effect of steroids on
i2001: 42:2885-2893.

MeClellan K.
Acanthumoeba keratitis. [nvest ()phlhulmo] Vis Sc
; lgl)unlu]l G, Russell AD. Antiseptics and disinfectants activity. action and
resistance. Clin Micro Rev 1999: 12:147-149.
length

Restriction fragment
J

['I]. Visvesvard GS.
and .-Ic-cm/hunmcfm amoebae.

Mclaughlin® Gl Brandt
P}ﬂ_\lnnrphism of the DNA of selected Naegleria
Clin Microbiol 1988: 2():1()55—1(358.

_Visvesvara GS.

_angston RH
Arch ophthalmol

hods.

Bican L. [

I Rutherford 1.
(herapeutic met

Meisler DM. Ludwig 1!
hamoeba 10 CHYP

Stlﬁccp[ihilit_\' of Acanit
1986: 104:130-131.

MS. Kornblintt AR. Novel processing in a
RNA tissuc specific climination of an intron
1()()();18:3107—3118.

CG. Rossl
78S pre-m

EMBOJ

Melen GJ. Pesce
mammalian nuclear
bearing a hidden break site.

, in the human environment. Rev

Mergervan H. The prcwllcncc of ;lccm.’hanmebf

Infect Dis 19911 13° 5390-S391-
like organisms as

hlamydia-
2es 2001: §7:248-

[nlarged C
parasitol [

Hoffmani R. L
(stellanti.

Michel R. Muller KD
spontancous inl'cc{ion 0 .;fL't.’”f/’i(”””i)h” et
25

anulomatous reaction involving

. e L : i gr
Mietz I, Font RL. ‘—'Ic'cmf/mmrw/m } mgtl? t\l:’;t]l;]:)l Y007 950-63.
the stroma and an«-1 jor chamber A ph

I .kenbach Gelender H. Newton C. McDonald
Jp. LU ociated with solt contact lenses.

Moore MB. McCulleY e B s
MB. Visvesvard GS. Ace keratitls <
Am J (.Jphlhulmol 1‘)85:100:39()-403.
- Robin JB. adial keraton
ol 1986: 93:1310-

me l’ .
Moore MB. McCulleY 15 Kaml:l?qui Ophthalm
presenting sign in AL'umhcmmefm cratitis.
obo LM Foulks GN.
Acantham

: m!/mmuebu
g

euritis as a

1315.

O Day DM. Johns
yeha leratitis:
Imol 1987:

wion L+

Moore MB McCulle_\-’ JP. NLV\\IO c DOU”hman

; igon KA Epstein & ghme® pame

" ft and hard contact ens
SO a

wearers.

KJ. Dricbe WT. W
A growing problem m
94:1654-1601.




Moore N
NMBL MeC
. ulley JP. ¢
v IP. Acanthamoeba keratitis asso iated
s associated with con
: tact lenses:
Br J Ophthalmol 1989: 71:’-‘})5_‘]—;

SIN consecutd
secutive cases of
cases ol successful manag
agement.

275
Noor
¢ MB. UL
s  Ubelaker JI&. Marti T
lcCulley IP. Invitro hcm:n-:l:'dmn .'l“‘ Silvany R. Dougherty I

ation L')l human corneal cpithzlium- b. M;- Meyer DA

: '- a a0 . . }- fi I -

Ss10N electron microscopy study Efg::h{{}};(}ehu

; y. Cornea 1991:

castellanii: i
vii- A scarning and transmi

10- 291-298
Mort
n 1D Melaughli
L _ Mclaugh ] i .
I — ghlin GL. Whiteley HE. Adherence €
Jcanthamoeba. Rev [nfect Dis 1991 13 %‘_121.]1u characteristics of thr
: (13500 ’ ce
-\]‘.IU]'- T
a 1. Wallac o
. allace A. VisVvesvi - ~
lh\Lh\:ild (IS. .-1L'un.fhmmwfm healy 1. Sp
files of Acanthamoeba Spp: Gi‘oupls Il--rnngl(}”lhc
dl : ]

isocnzyme and 1
e ."\ me and immunoblot pro
0700l [‘)‘)3:3‘):';7?—:'8?
Mullis K
Mullis K. F '
s K. Faloona I charf S. Saiki /
)1\[ .\H.Lhtul S. Saiki R. Hom G. Frlich H Specific
NA virro: the . o Sl
the p ain reaction. Cold Spring H'n';
s & (&

198651 :263-273.

amnplilic: : .
g | lification of | olymera ]
G . erase ¢
vimo Quant 13iol ' ‘ ]
Na
Nacgler K. Entwi
g . :m\\'lcklumrs‘ucqchichll' he studi
gsges iche studie uber Amoebe
yeben. Arch Proti i
ististenk

1909: 15:1-53
Amoebic

.‘\:'](J.
[ C‘”]l ! " “ . n o +
il on _l.‘ watson PC- Playtair I']. McGill J. Jones BR. Steele AD
ion of the eye. | .ancetl 1974: 2(78‘)6):1537—1540. .
) h ¥ '
Mahar ~ Mendirattd- \-’cnl\'u[uranmnan. ;IL'mi‘ffmmrw/m Keratitis in rural
arashtra. Indian J Med I\f’licmbiol 99;17:29—31.
Therese L Developmcm and applicalion of an in
isolated from keratitis 10

cunf/;rcnmw/m spe
d ch!orhc,\’idinc. )

Narany |

Narasi
\_]_“‘_“-“*lmlmn . Madhavan HN.
o susceptibility or A

NOIVNIICX
polyhexamethylene

test
iguunidc an
ldcntiﬁcation of

b
agn Cylopathol 1992;

Allen
imens. Di

JL\\h()[]]C AL. Curtis : .
Al )
8 v(””h”””"“/’” | eolar lavag spec
231-234.
Nie .
gﬂ‘dcﬂunTIJY_tjndakerJ;. [y JP, SEEWAE
'\ll\."‘l”-" RE. He YG- pidherney M Martin /H ot al. SusceP
arious animal species o in Vire pinding @ d invasiol
. gci 199% 33:104—1 12.
ogenesis of

nvest OP
McC ulley jp. The path

TY. /\Iixadeh ]. |.eher H. I
atitis- Micmbes Infect 1999: 1:437—443
. a key o phylogeny:

_ Meyer DR. Mellon JA.
tibility of corneas from
1 by Jeanthamoeba

castellanii. |
F\l“L‘dcrl\'m'n
Acanthamoebud ker
- FASEB .
])()lrtqn Gl. Woese CR. |
)3:7:113-123.



Omane |
ana-Molina M. Gonzales T
M. (mn_/dlm—Rohlcs A. Tsutsumi V. Shibayama M. Early event
X hld ~ 3 3 : l ) - 3 S
interaction with hamster corned. An ultrasturctural study

3 Aarels Ly h 1

PA. Marciano-Cabral I Pernin P. Pringuez E eds
the Biology and pathogenicity of free livint;
aris. 2001, pp 26-33. i

of Acanthamoceba spp.
In: Billot-Boney 8. Cabanes

I -th . 3 ;
X" International meeting on
amochae proceedi o 7§ :

Jochae proceedings. John [ ibbey Eurotext. P
Morphogenesis  of

. Jones DB.
abstract). Invest

Osato M. Robinson NM. Wilhelmus
{ the steroid effect (

klc.t!jf,j!ff"”’t‘/?ci castellanit: Titration ©
yphthalmol Vis Sci 1986 27(suppl): 37

of the genus .~1L'um/rc.rmwfm with description of three

Y 1 -
Page ['C. Re-dehimiion
species. Protozool 1967: 14:7()‘)-734.
ae. with description of three species

1N amoeb
ol 1967: 14:499-521.

nic criteria for limz
1 Protozo

). ) e
l ek (. Taxonol
of Hartmannella and 3 of | ahtkampfia.
w0 VA. \f'cllanipm‘mnbil RI. Acanthamoeba keratitis in

MR. Re
01 :33:126-9.

]‘ ." . .

Parija SC. Prakash
anla : )
Pondicherry. 1€ ommun DI1s 20

d EJ. The role

-achmer JH. Hollan
atitis. Cornea

.-1L'am/mmuchu ker

ulting RD- Ki

\. Daya SM. St
mnagement ol

Park DH. Palay D¢
of topical cm'licoslcmids in the me
1997: 16:277-83.

rwal RK- Use of 18S rRNA gcne-huscd PCR

{itis in non—conmct lens wearcrs in India

p. Agga

S, Garg
ha kera

dagrie b .

Pasricha (. Sharma

assay for Liiuunnsi: ul'.-hwz!imumc
1003: 41 :32()6—321

J Clin Microbiol 2
G. Colwell RR.

1at M, Sawyer TK. Mortis
from eyewash

. and Legionelld spp-

67.

Yo ; G ’ 1.l

Paszko-Kolva C. Y amamoto H. Shahan
amoebac
)

Isolatio )

solation ol

e : i i 27-163-1

stations. {‘.\PPI l;‘n\_.”.Ol 1\,1](:[-0}3'0 ()Ql. 37163
»Jcm?f/:'umuclm keratitis

anosIS of -
1998: 126: 590-592.

4 | aboratory diag
o mJ Ophthalmol

e . ‘

Penland RL. Wilhelmus !
st extract agar.

J. Decreased

rcoal-yeé:
° A
i 5 oadel .Kamllopoulc_);
s Fagl 0 .of »-'lcmﬂhamaeba keratitis. Ophthalmol

Perry HD. Donnenfeld 1 ks GN
: initial featurt

using bulfered cha

corneal sensation as ¢
1995: 102:1565-1308:
. 2], C onfocal microscopy
Pfister DR C \meron Krachmer -”'(-) 11‘131}:112i k 6'171' ]19,12& s
- o . é R - e \ 12 121
findings 01';Icmﬂ/ﬂ:umue hel keratiis: am J UP
\n assessnleﬂt of the morphgloglcalb system
Pilar AVC. Enrique? / b e riboprinting In: Bl“Oh—
- N Hamoe : \
i e . pernin * Z IX
- free IVINE amoebae

of classification © philipPI™® . o-Cabral "2 o
b] Maluﬂ " ﬂthouelllClt}-’ 0

Boney §. C .
1y S. (Cabancs . : ;
[nt"‘ At1 cao O .hc BIOlogy T O
ernational meetne ne =t paris: 20
proceedings. John [ibbey Eurts




action of bacterial genomic DNA

Pitcher DGL S

\\i[Lh]M ])Q._H;un]dct‘s‘ NA. Owen RJ. Rapid extr
g 10CVE L .
cuanidium thiocyanate. | ctters Appl Microbiol 1989. 8:151-156

PLI\L'] ar
schkarew BN Uber eV |
AL Uber die Verbrentung ler Sussw
s o g der Susswasser-pr 70: ch di :
T ot 1913: K gyl asser-protozoan durch die Lluft.

stique et taxonomic du genre

la paroi Ky
a. 1977: 8:557-398.

Morphologie de
Protistologic

)
Pussard M. Pons R.
1. Amoebida).

Ade
anthamocha (Protozo

Pussar

S5d . Ooenre i !

" !d_ N Le genre Jcanthamoeba N olkonsky 1931 (Hartmannellidae -
Amocbida). Protistologica. l‘)(w():.'_’:?]-t)fn, )
[unter WS. Ghosh M. Acanthamoeba keratitis in a soft-

I T ;

Rabinovitch 1. [-ook [C.

contact-lens wearer. Can J ()phlhulmol 1990:25:25-8.
). Teikari J. Acanthamoeba

er HB. Sheppard J1
(fect Dis 1991 13: S427.

1an SS. Ostl
¢ of outcome. Rev It

l[juhmm itch 1. Weissn
eratitis: Clinical signs and analysi
yamoeba keratitis: mutlicentre survey

_R“L“.“l'd Cl. I.chmann Ol. Dart JK. Acant!

in Fngland 1992-1990. National ,-1cum/mmnm’m [Ceratitis Study Group. Br J

Ophthalmol 1998: g1:1387-1392.

Radtord CI. Minassian DC. Darl T ,-1ccm{hunuwhu keratitis 1n England and
BrJ Ophlhalmol 2002; 86:536-542.

tcome and risk factors.
Lares I Amoebae

Wales: incidence. o
Environ Res 1987:

i 4 111 J
;. Rosas . Ramircz [ Bonilla P.
d environs.

" Mexico City an

. i

42:149-154.

. gripivasan M. I-’]uorescein—conjugated
infectious keratitis.

Robin JB. Chan R. Rao NA. Sharma »- T ]
lectin  visulalization of fungi and acanthamoe? "
Ophthalmol 1089:90:1 198-1202-

amoebac. Crit Rev Microbiol

f ﬁ-ee-li\’ing

Rodriguez-Zarago?d g. Ecolog 0
1994: 20:225-241-
er Monat-herausgce: [nfekten-

Belustigungen. | 55 3:022
- 7 'am/mmoefm keratitis
Roussel Tl Badenoch PR. (‘handl‘ﬂff‘mam Eé-clozf;?})]i. 1;.6
in a healthy Australian man. Med ] AY t
i _euara GS. Peter CR.
o F RL. jsvesvara
. Fomt tub. Arch Ophtha]mol 1984:

' . : bel -
Samples JR. Binder .I‘L”' = quired from & hot
'1C””f/’](””(}(fht’ l\'[’.‘l'ﬂti lc., ‘)OSSIbI_\‘ qu

102:707-710.




\‘”.}ll ]\. < s ;l ) 5 0 L l—' L(-l f [IL
< [t l[n.i ]\\l \-'l )
‘ . . 1 . I H ]-I S . (& .
Lill\\ l'l\ SOD . L Osd ][. .\lL“ ” 5 m ‘\l g ; :
- e [ I [R5 ]1 i 1 v 5 . . o 1 ]! - (.lL. (_El ll' S & .
1 O 5] 1¢ WO o ) clC lllc U ill o oS¢

crusio Acta lr

Acta Trop 2000: 75:219-228
.\.'1\\\ i .

¢ er I {¢

. ~ fcanthamoeba oriffini. a new s : -
Protozool 1971 18:6350-654 i . @ new Speciss ol mAmNS amoebae.

new family. Acanthamoebidae n.fam. (Order
I'rans Am Microsc Soc

A proposed
o filose amocbae.

\\l\\}u k. Griftin JL.

Amocebida). i I

| ¢ —,l_)thk.Li). for certam ¢y st formin

)75: 94:93-98. .

Danid ?17R The cpidemic of Acanthamoeba keratits:
- 3-10. |

Spow KK.

.'\x"ll;ultnlwl-(__] DAL
Where do we stand? Corned 1998:
Schlaceel TF :

deg © Jp. Culbertson cG l-‘\'pcrimcm*ll Hartm i ;
Iy - 5 1. EXT a annella optic neuritis
neitis, Ann Ophthalmol 1972: 4:103-106. ptic neuritis and
Niszl 1A Seal DV. Markus MB. Fuerst PA
| DNA PCR and sequencing for genus

[Tay J.
ans with keratitis and

18S ribosomd
of acanthamo¢
2001:

Schroeder JM. Booton G
Use of subgenic
cation
| Clin I\fli(:l'()hiol

pae from hum

Byers 1.
and genotype identifl
. 39: 1903-1911.

from scewage sludge.

tcull_\ DI, Mark [ McNeeley puU. Case 10-1985. Cas¢ records of the

Massachusetts General Hospital. N Engl/ Med 1985:312:634-()41.

_ Connor R. (Guanidines- diamidines and biguanides: towards a
Lis. Ocular Microbiology Immunology

28. 1995 37

canthamot
Meeting. Atlanta.

Seal DV. Hay
rational therapy for

(ir th
iroup. 29 Annual
hylene biguanide

Chlorhe.\'idine or pol_vhe.\'amct

136.

¢ CM.
t ]095:343. 1

. Kirknes
ance

Seal DV. Hay .
atitis. 1

t‘ T '
or Acanthamoc
y A, Armstrong

ha ket
with topical

Tullo A. Ridgwa
keratitis

ooth A.
hat

Seal D. Hay /- [Cirkness C. orrell A :

M. Successiul medica apy © ,-'Ic'cu-r'f/?cﬂn;j;;cl

chlorhexidine and pl'opumiclinc. -

ceratitis update — incidence-
Cye 2 17:893-905.

03;

molecular epidemiology

noehd

Seal DV. Acanthd!
Ve ~

and new drugs for ll'catmcnl. i
¢+ 0. Wiedermantl

phocholines
ob Agents

el - i stsch He Gcheine

?‘CII‘CH s D M Wcms'l('hmcr : tcli‘ﬁ]slii:z(;d other alkylphos

1. Hottkowitz T. [ibl Hs Effects © ph s

il hun;rm iﬁtest i Emamuef

C

Chemother 2001: 4571 505-15

Joebae: poteml

& a

/ palhogenic for humans

. Rev Sai

1id Hig publica

SC-“'”]L\ MJ. lsolalion ol 1
from species of g urians from t
1988: 62:1405-1409"




‘ \.L""i .
SCsma \“ R[ g N 1 - hae ) o
R P dIMO: ) i T Vi ]

of reptiles. J Parasitol 1989:75:322-324

George C. Keratitis due to Acanthamoeba castellanii

'y J . ; L
Sharma S. Srinivasan M.
88:8:104:100.

Afro-Asian J Ophthalmol 19
¢ Sharma S. Srini ] ‘
o .m_ln S Srinivasan M. George ¢ Acanthamoeba keratitis in non-contact lens
carers. Arch Ophthalmol 1990: 108:676-678. |

Acanthamoeba keratitis--a

Diagnosis of
halmol 1990a:38:50-0.

George C.
[ndian J Opht

¢ Sharma S Srini
Sharma S, Srinvasan M.

eport of four cases and review of literature.
wnd treatment of non-
mol 2000: 84:1103-

Sharma S. Garg P. Rao (;N. Patuent characteristic diagnosis ¢
contact lens related canthamoebd keratitis. Br Ophthal
1108.

Sharma S. Keratitis. Bioscience Reports 2001: 21 .419-444.
¢ Sharma S. Athamanathan S. .e'\m-m'-Rushccd M. Garg P. Rao GN. Evaluation of
aining technique in the diagnosis ol fcanthamoeba keratitis.

immunoperoxidase st
la: 49:181-186.

Indian J ()phlhalnml 200
a0 GN. Trends in contact

arg P. R
Jhthalnml 2003:110:138-

Sharma S. (mp;llul\'nshnun S. Aasurl MK. G o

lens-associated microbial keratitis 1M gouthern India. Of

143

e ol , \ n—patht)genic small free-living

SR. Grudies on ]mlho.J e et et
hearing of nuclear divisions on the classification of the ordel

& bRasias : . 759:435-476.

R Soc [.ondon (Biol). 94

¢ Singh BN. Das

amochac and th

Philos Trans
noebae

on-pathogenic a
and pehaviour on the
dia: Association

amocbida.
gtydies on pathOz=" " =
> e form
yvision an

¢ Singh BN. [[anumaiall ¥ %
lear di
da.

and the bearing of MU€c ,
classification of the order 7 moeb!
. 1979:1-80

of Microbiologist> of India.
oebae and its

' : | free-living am
. gpecCles of smal -
e SEe Philos rrans R Soc Lond

sgjon 1N ni ;
1S101% Amoebidd:

POEEE _
Singh BN. Nuclear div e
bearing on the clussiﬁculmn of the

(Biol). 1952: 236:4()5-406. .
aratitl ritish Med J 1994;309:272-
% Singh S. Sachd | MPS —fa'mz{/mnme!m Keratitls: B
Singh S. Sachdeve | |
: -oani and thelr gmall subunit
'S . “ul'qryotic n‘nlcromgf“'“sms a
Sogin ML. Evolution ol € \(‘ (-7()'487-499-
ibos : 700l 19897 N
o e e ' ~Iccm.f/:fmmwha keratitis 11
iai € _George 0 o b
" Vi g -)alq Rd_]].l - "4'187-1 )
Srinivasan M. Chan® . ﬁloili'mc J Ophthalmol 1993:
e [ndidtn s

hard contact lens Weai™™




allos V. Mascarenhas IM. Asokan B
gy and aetiological diagnosis of
almol 1997: 81 :065-971.

?‘:‘\ltl.tlill} asan '\] (i(_umllcs CA. George C. Cev
| ilkins J. Smolin G. Whitcher JP. I-pidermiolo
corneal uleeration in Madural. south India. Brl Ophth
Non-contact lens related
1 South India: Implications
9:CR125-129.

SENI as: o
llmm_\m \. Burman S. George C. Nirmalan P.
'1.“””/]””““)/]” keratitis at a tertiary eye care center i1
I eve care programs in the regron. Med Sci Monit 2003:
Stehr-Ciree , § . . .\
tehr-Cireen JK. Bailey M. Brandt FH. Carr JH. Bond WW. Visvesvara GS
1 contact lens wearers: A case- control study. ] Am

Acanthamoceba keratitis In sol
Med Assoc ]‘)37:353257-()().
Stehr-Cireen JK. Bailey [N Visvesvard GS. The epidemiology of Acanthamoebu
keratitis in the [nited States. AmJ ()phthalmol 1989: 107:331-336.

ion with antimicrobial

s in combinat
1 1991: 08:847-853.

Use of cor[icosteriod
Ophthalmo

Stern GA. Buttross M.
sease.

drugs in treatment of infectious corneal di

Stevens AR. I\'ilp;uricl\' . Willaert [5. Capron A. Serological analysis of cell
eha species with pl e antisera. J

surface antigens of Jcanthamo

asma me mbran

324.

Protozool 1977:24:316-
Stewart GL. Kim L. Shupe K- Alizadeh H. Silvany R. McCulley JP. Niederkorn
JY. (Chemotactic [espONSe of macrophages to ..fccm!hanumfm castellanii antigen
: % $ . 2 ETIE e PR Daraci

and antibody dependent mucrUPhaL-’C"“Cd"“wd killing ©f the parasite: J Farasial
1992:78:849-855.

Turgeon PW. gossi G, Kowalski RP. Thoft
- cells and keratoeytes

yat ML Nauhelm RE. assl
o : Juman corneal L‘plthLllﬂl

Stopak SS. R
RA. Growth ol',»fL'am/mmf)t‘/’” ol l‘( 91: 27:354-359
in vitro. Invest ()phlhalmol is Sci | )01 =
; ieh M Awwad MH. Gast RJ. Ledee DR.
Stothard  DR. SChl‘OCdcr'DlCd“L 1 "st. ers T he evolutionary history
RUdl‘igucy_-zaragoza g. Dealt - e > t'[i.(211i011 of eight néW 18S rRNA gene
of the genus ,ofc:z:7i/zaziir(}¢’/:cz and the .ldtn()lc)S';S" 5.54
sequence Lypes. J l{ul\'ar_\'olic icrob10 d
pV. Byers TJ. Fluorescent
Stothard DR Hay “- Schroeder ‘ _..Sea[enta etection of Acanthamoeba
()lig();11u I 1'1-{, )1:){165 for clinical an envuglllil::Mi e 1999;37:2687-2693_
nucleotide . :
%5 The '[‘:(1185 1-[RN/-\ gene scquencc ype: JC
. anagd Y- A nationwide
Tachi + [shil ki Y syjisawa )‘"LT.I if}atiil}]lml\cliu};pon Ganka Gakkai
dACNIKAWL R _“1]'1'. o Ak aratitls " atl.
sury o ]I § u:'rcncc ol amoebI€ kerat
' ¢y oon the oce
/ass 00<-09:68- 5 ; o~
assh | )%'9)'68 T icrobiOl oy. Blackwell Scientific
; m o/
s . -lology an
Faussing MJ processe i patl |
b . & o } .-,ml ~dn. 84 PP
Publications, Oxford- = ¥




¢

KB. Ma P. Troutman RC. Pang PM.

[ ]]L' ) i i

\ kl“lk l[ [ .]lll\k‘hiCC [\ 'UL‘C]HC]
8] € e
] lnlll[ldtb In IC(H”I?(H”U ’hu l\ l’lllllS

l\\'l!]]n '
¢ o | I'he die '

; dgnnh‘llc value o E:
()Phllmlmnl 1985 ‘)’:]471-1479 ofam

of . Jeanthamoeba cysts in corneal

Rapid detection
Arch Ophthalmol 1990: 108:168.

I . S
homas PA. Kuriakose T.
aining.

scrapi
pings by I wctophenol cotton blue st:

es ol microsomal membranes

M. Enzymatic properti
Cell Res 1971: 68:106-112.

hompson J. Schul
Jlanii. EXp

fr . 1

om the protozodas. ;fc'c.'nh’mmm’!m castel

[hvletors leor i

. ]kh,% 13. Negrel AD. Pararajascgaram R. Dadzie KY. Available data o
dness (update 1994)- Ophthalmic I:pidemiol 1995:2:5-39. L

MM, Wilson LA. Ahcan DG.  Effects of

chlorohexidine  on four species ol

and
es 1996: 1\.223-"28

Gabr el
hwuanuk

Curr Lve R

lirado-Aneel  J
) vy N
polvhexamethylene

Acanthamaoeha in vitro.
ot
Luh KT. Acanthamoeba

[.ec GS. (Chang g('. Chen CL.
e Hui Za 7hi 1989: -88:512-0.

[seng SH. Hu FIR.
Taiwan Yi Xu

Keratitis: report ol a case.
1ethylene biguanide alone effective for

Is poly hexan
)-1"1 )46

I'seng SIL Lin S. Chen FK.
Acanthamocebu keratitis? Cornea | 098: 17
R. Dougherty M. Meyer DR.

Ubclaker J15. Meore MB. Martin JH. Silveny
McCulley JP. I vilro hterce cllular adherence of Iumil:rcunwlm castellanii: A
Microscopy Study- Cornea 19912 10: 299-304.

scanning and udnsml%mn electron
: Plasma and phagosome

Wwetzel MG. Korn ED.
| Cell Biol 1971: 51:193-215.

[.]SEUHUI' \(I \Kll.‘.:'hl ])[
c/m Lusw//aim

* feanthamo

membranes ol -
Bryan LE, Smolin G.

Kouala Tuladhar NR.
Lhamucmm p! redisposing factors. and etiologic
IOphth'llmol 1991: 111: 02-99.

in Nepal. Am

kar maclmn a

Upadhyay MP.
idemiolog gic

Whitcher JP. Ep!
health service.

diagnosis nl'wmwl ulce
: es ublic
US  Department of [Health and .Humia:mrers p o o e
Acanthamoeba kera Jitis 10 soft contact lens Wee
Jogie un E t\w,klung acschlchte von Amoeba
paall - Ku nstilic chen Bahrboden. Arch

[4

Beitrage A
- Zik] htung

Vahlkampf -
lie blich

lilmax linsch -
Protistenk. 1905: 5:167.
R e AT
l;(n !?1[1111< [l \ilzadetl - U-auma and lﬁrlagl:lhfu 18 C ) Ss 1191) ]%{1%4
J Y. lhe rolc contac ses | ‘ " Imo
model ;1‘] f;c'Lm:{/'nmzm sha Ke Lratitls: [nves Ophth

A lerkorn JY.

1], Van Rooije n N. Niec
M. AllZ feh . 125 U e Invest Ophlh’l imol Vis Sci
van Klink I, Taylor \NM. Alizas ol cratitis nves
g 1N (canth L

['he role of mdc,lﬂph‘1
1996: 37:1271-1281-



¢

Acanthamoc

Varg: ol
arga JHL. Wolf TC. j
L . TR INE dar O
s L . ..Llllhtﬂ.”(l. Parmley VC. Rowsey 1. Combined treatment of
’ s . : . i g i
cratitis with propamidine. Neomycin and polyhexamethylen
) yhe: ylene

hicuanide. Am J Ophthalmol 1993:1 15:466-470.

P. Keratocyte loss in

S Athmanathan S. Garg
2 Indian J Ophthalmol

Vemuganti GK. Sharma S,
Acanthamoeha keatiti

o keoatitis: Phagoceytes. necrosis or 1
SN 2oc) sis or apoplosis
ath TI. John RK. Buddi R. Rao
yeotic keratitis: A
Ophthalmol

an U. Naduvil
wetors in progression o m
167 corneal buttons.

K, Garg P. Gopinath
and host |
study of

Vemuganti G
GN. valuation of agent

histologic  and microbiologic

2002:109:1538-1340.
d metabolism in the plasma

shospholipi
1975:16:54-60.

Fnzyvmes of |
I Lipid Res

Victoria 11J. Korn ED.
membrance nl'.!c'un!/mmrwhu castellanii.
~ Balamuth W. Comparative studies on related free living and
mithamoeba. ] Protozool 1975:

ac with special reference O Act

Visvesvara G5
pathogenic amoch

22:245-2506.
L— TK. [:pidemiology of free-living ameba infections.
Protosool 1990: 37:255-335:

1:13:8369-

Visvesvara GS. (']ussiﬂcalim] ol ,-Jc'uuf!.vcmnwhc.r. Rev Infect Dis 199

372
amebae. In: Murray P

mistic free-living
and Opportuntstic free g am

Visvesvara GS. pathogenic . =
R. Baron ;O Pfaller MA eds. Manual of clinical micro
1995. pp 1200.

th o dition.
GL. [dentification of

Washington DC.6
Visvesvard S, McLaughlin .
h evels using the polymerase chain

and spe¢

[&

M. Howe DK. e 1
he at the gcncrlc e 1
| Protozoo 1992: 39:378-07"
stellfmii Douglas el classification des
a C

1.72-317-

Vodkin

reaction. .

Hurfmunullu 1
Gene 93

Volkonsky M. .

hartmannelles. Arch Zool EXp
; ~ T G-. SPOC e

Walochnik J. Hass! A, Simon K. Beny! ,ene of 1Iee living amoc

nik J. -~ the 188 1—][‘)050[113} (5 es 199085601-60';

by partial scquencing 0 Sl
necrotic tissue of Busillisctt /J/znmﬁ ons-
Au‘,pock , Corre?at.ion-betl\'aﬁs:l

‘}. '*jc;louica 1 I‘HCFGI‘ISU'CS in ¢ 1‘| g
- TEnviron icrobiol £
Obwaller

spp- A
: oher Y-
o olli He Pl i
—Schobcr = | . N;l]evaﬂ and non-]tlc\ ant
. ot

Walochnik J. Haller : o
petween clinice

and identification

k H. [solation
bae from

morphologicaL
and nonclinical
08-4413.

Walnchnik J. Obwale

molecular piological: &%
1solates of feanthamo® hd

A. Aspock H.

A c'amhameuhu

Discrimination



strain | ‘,lt 1¢ ] 1 *a 14 ) A 1 Al 1 [ C
< Ll 11‘.”] Ol . A ~ 4 &
I S WCEC [e 10
S 11¢ \ [§ C I'l I Cl]l] i\/ X

2000a:38:3932-3930
v Hottkowitz T. Wiedermann G
hosphocholines against clinical
r 2002:46:695-701.

Seifert K. Obwaller /
alkylp

gents Chemothe

[\\' alochnik J. Duchene M
“1bl Aspock VLOtoXi

- M. _\:\pm,l\ [1. Cvtotoxic activities of
ates of Acanthamoceba spp. Antimicrob A

Web- o .
ch- address 1 (ww \\.pul'lp;il__ltﬁ.}_._[_&.&]li]%iul()t_’\'.'.\‘lulPh\'.hlml).

2.html).

Web address 2 :
b address 2 (W \_‘5”._1111;3.}1{1;1.11&]"0 _peler/doctoraat/rrn
\\L‘lj i N -
address 3 (hup: \_5}5\_\;._L_lcmp.hcrl\‘clc\'.cdu/cduculion/c\'cnls/cukcml |.html)
Weeker . : I )
'[ul\u\ P11 Gast RJ. Fuerst pA. Byers T Sequence varations in small-subunit
rib ; | . . ,
osomal  RNAs ol lh.rrmnmm'l/u vermiformis and their ph\'louenetic
Evol 1994:1 1:684-690.

implications. Mol Biol
The granulomatous reaction in herpetic

Weiner JM. Carroll N. Robertson IF.
stromal keratitis: [mmunohislochcmical and ul[raslrucluml findings. Aus NZ J
53T

Ophthalmol 1985:13:36
Wicherle 0. Lim D, Hydrophili qels for biological U5 Nature 1960:185:117-

118.
Font RL Robinson NM. J¢
using calcofluor white.

jones DB. Rapid diagnosis
Arch Ophthalmol

“:”h‘v‘lmus KR. Osato MS.
of ‘-1c'um/mnmu/m keratitis
1986:104:1309-1312:

ln[mduclion' The incrcasing imporlance of :Iamihcmuw/m. Rev

Wilhelmus KR.
7-308.

Infect Dis ]()‘)I:I_"ﬂ:S.%
] Clin

tous inﬂammation _ a review.

jam wl. Granuloma

Williams GT. will
Pathol I‘)83:36:723—733-

ical ophth
year Bo

almic medications. In:
ok. St Louis. g

Wilson IF'M 1L Toxic anc
c« discases ©
Acamlmmoeba

Arffa R ed. (Grayson ®
edn. 1991, pp 632-634-
. : Diagnosis of
Winehester K. Mathers W Sutpht” E'.%ﬁﬁﬁo%; [4:10-17.
Keratitis in vivoe with confocaf microse Y
21:221-27
ol Rev 1987._3] 22
Woese CR. Bacterial evolutio” o fully treated
o ecsfully treaté
W jones B 4canihcﬁ;10cfba keratitis successtully
Lrdies y sl p. Jones F )
right P. warhurst {mol 19 5;6‘):778-784,.
.o . Shijing D. Wet C. Lin
pa from

Ophtha
juyne K
of ,-'Ic'mﬂf?.:'nm)e

medically. Br

Xuguang S. Yan /. Zhigun V\
- ]85 |-1bO

C. ldentification ©




In: Lares-Villa F. Booton GC. Marciano-
he biology and pathogenicity of free
Mexico 2003. pp 107-113.

humans with keratitis in North China.

‘il S -th - .
(_dhml I oeds. XU International meeting on t
living amocbac proceedings. [tson-Diep. Cd Obregon.
enzyme analysis of mitochondrial DNA of

Yagita K. Endo [ Restriction
rotozool IQ90:37:570—575.

Acanthamoeba strains in Japan. 1P
anization of the Acanthamoeba

paule MR. Sequence OTg
| enhancers. Nucleic Acids

Yang Q. Zwick MG.
RN Intergenic spacer: ation of transcriptiona

Res1994:22:4798-4805.

identific

n M. Dart JK. Cree IA. Persistence of Acanthamoeba antigen
1 2001:85:277-80.

Yang Y. Matheso
Br J Ophthalmo

following .-IL'tHH/HH}!UL'/)U keratitis.

panjwani - N pathogenesis of Acanthamoeba keratitis:
- 1 ¥ LEi A -
osl purusitc interactions. [nfect Immun 1997:65:439-445.

Yang /. Cao /.

Carbohydrate mediated h
1almol

pa keratitis. Br J Ophtl

Yeoh R. Warhurst DC. alcon MG. Acanthamoe
1987:71:500-503.
. . [C. Kim TH. Kong HH. Chung “DI.
ro. Yun ! based on PCR-RFLP

VY. Kim
on hamoeba SPP- -
] Parasitol

Yu IS, [wang -
Phylogenetic relationships among ,Lai‘[ rRNA gene. Korean
analysis ol milnc]mndriul gmall subun! E
1999:37:181-188.
. wolutionary history. J
ling | Molecules @5 documents of evolutionary y
. Pauling -

Zuckerkandl L.

Theor Biol 1 ()(75:8:357-366.




APPENDIX-1

['\

(

Lv. p
RASAD EYE INSTITUTE Name

Mana 1
ed by Hyd
9ed by Hyderabad Eye Institute)

Mr. No. _

Episode No.

Corneal Ulcer - Patient History Form

\
LAB No,

Age SEX-MI/F

FELLOvy

PHOTO No.

VISIT DATE ;o

\

Aﬁected Eye

Educ&tion

0
CCUpatiOn

OoD/0S/0U

llliterate / Primary / Secondary / University

Agriculture
Manual labour
Office worker / Desk Job

Household work

No Trauma

Stone
Plant/ Agricultural ma

Dust / Dirt
Animal (e.g- Cowtail)

Metal

Chemical
Human (e.g- FINger poke)

Heat / Thermal Injury
Not ldentified

terial

Duration (days) ——

Pain
Redness
Watering

Photophobia
Foreign body sensation

Defective vision

Opacily
Discharge

No/Yes

professional
n
healer

Eye caré
other physi®?

Traditional
dication




=

PRE-DIS

POSING F

Systemic Gl
NOne

Dlabczes mellitus
Leprosy
Tuberculosis
AIcohoIism

Rhey
Matoj
toid arthritis and other C.V.D.*

tE‘.’e
1S Johnson Syndrome

Vitam:
m
x{ in A deﬁCiency
®Nsive byrng

Easle

A I;: Other exanth. Fevers
her ’

Allergieg fImmune deficiency

HZO

:Qot own
ICV
A
- C
Ollegen Vascular Disease)

Adequaté /In

Ocular

None

~nor surgery - PK
Prior Surgery - I0L
Prior Surgery - Others

Prior Ulcer - Same Eye
Prior Ulcer - Other Eye
Corneal edema

Dry eyes

Stevens Johnson Syndrome
Entropion

Trichiasis
Blepharitis
Xerophthalmia
Glaucoma
Dacryocystits
Proptosis with expos

L agophthalmos
phic keratitis

ure risk

Neurotro
conrneal degeneration

conrneal scarring

Mg Not known
D]C °

AT
System- IONS
N°ne lc
A”Ub- Ocular

" Iotlcs None

“’ifal iotics
;\n“f s Antibiotic
%t@ru_ngals Antivirals
Y Antifungals

erg Mun

Osuppressives Steroids
Native / Home remedy

' Antiglaucoma

QNTA Others
l} LE

y NS
B leLen WEAR yes / NO 01D
. s t/DW/

g, jard | Gas PEmO /0

of

qgﬁ Qf Wear each day /—" (hrs)
b, oL

Ingy e (months)

adequaté

osable
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{ RASAD EYE

Mana
ed
____\mderabad Eye Institute)

INSTITUTE

Name

Mr. No.

Episode No.

Corneal Ulcer - Examination Form

\\——_;

1' o)
Nutntlonal Status

2. '
Visual Acuity

3 I

(Digitally)

4
& Exi
ernal Examination

Ocular Motility

Lids

Dacryocystitis

Blepharitis

Meibomitis

Lid closure

Edema

Lashes

Debris

No signs of nutritional deficiency

Malnurished

High
Normal
Low

Not taken

Normal

Abnormal

Normal

Corneal Sensitivity

Decreased

Absent

Not assessed

Y /N
staph. / S€
01234

borheic
(0 = none)

01234 pEname,

Normal
l_agopmmﬂmos
01234
Normal
visdirected

Normal

oy - Mild
Moderate
gevere

01234




kcd

[ ——

7 .
Conjunctiva

P
alpebral Congesion No
Yes - Papillae 1234
Follicles 123 4
Bulb i
" ar Congestion Yes / No
B .
mosis No
Mild
Moderate
# Severe
" i Peripheral®
4 mm of limb
us) Central
. . Total
raft Infj|
trat
e Yes / No
/ Both

- Involvement Recipcent / Donor

10,
N
mbal anOIVem
S| ent Y/N
era| Involvem
R.¢q il Y /N
r
Neg| Epithelium
Defact Size Hotizontal 91 mm
Defect Size Vertical 0-12 mm
R Edema 01234
U||ae
“. St yes /| NoO
Ain;
nmg Patt -
- Rose Bengal pDendritl
Fiuorescein Geographical
s e Atypical
‘~0
eg) Stror
nfiitr a
- i wet
Single / Multiple Nature - Dry /
' Edge Demarcated
Hyphate
Scarred
Diffuse
Ring
mm
size Horizonta T
Size yertical 0-12 =
Depth _ Ant/ mid / post
e




Thinning - No
Yes ( %)
Perforation - NoO

Yes-Size
Location Central/ Paracentral / Peripheral

superficial (0 12 34)
Deep (01234)

Vascularisation -

Edema 01234
Immunering Yes / No
Scar ves/No Sub Epithelial
Mid Stromal
Posterior Stromal
Yes / No

Descements folds

18,
EndOlhEHUm

Keratic Precipitates Y/N
Endothelial Ring YIN
Y /N

Endothelial Exudate

7
Ant'c"r'Or Ch .
o Not assessible / Assessible
cenn Deep
Shallow
Flat
el 01234
rlare 01234
/
18-[”8 Hypopyon Y (mm)
N/Y
Normal
Abnorrnal (Rubeosis)
| t / Post
"y Synechiae none /AN
pi|
N/Y B
i id dilated | MiotiC
Size Normal | Dilate
Reastion Brisk
Sluggish
Fixed
lar
lar/ [rregy

7
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(Mana
ged by Hyderabad Eye Institute)

L-V.
PRASAD EYE INSTITUTE

Name

Mr. No. Episode No.

~——
...__\__-_-_-__;

Corneal Ulcer - Treatment Form

1.
Treatment - Initial

A) Antibacterials

B) Antifungals
C) Anti Acanthamoeba

D) Anti Virals

27
rea
tment Modification
A) Antibacterials

B) Antifungals

|

Quality of tissué

k
A
M Additional procedures
s

N/Y

Ciprofloxacin | F.Genta / F.Cefa | Others

Natamycin / Miconazole / Clotrimazole / Ketoconazole

Systemic - Topical / Others

n/ Dibromopropamidine Isethionate /

Neomyci
PHMB / Clotrimazole | Others

Acyclovir / Others

N/Y

Ciproﬂoxac‘m / F.Genta/ F.Cefa / Others
Natamycin / Miconazole / Clotrimazole / Ketoconazole

cal / Others

Systemic - Topi
pamidine Isethionate /

Neomycin / Dibromopro

C) Anti Acanthamoeba
PHMB / Clotrimazole | Others
D) Anti Virals Acyclovir / Others
Reason No response
sensitivity
3 Others
© 3
e N/Y
A) BCL + TA NTY |
Indication Thinning / perforation
B) P.K NIY
Indicati No response to medical treatment
ndication
Failed oL+ TA
Large Perforation -
Largé infiltraté at presentatlo
Donor size mm
Recipient size mm
No. of Sutures g s
Beath Qfilledtie time ///” nt/V Good / Good | Fair poor
gxcelle .




2.Lens

21, .
Lacrlma| Passage

(Clinical / Syringing)

22,
inVestigatiOns

BIOPSy

Date

3 I
Nitig| DiagnoSis

Y
N
F| DiaQ"Osis

2 D

ia
SNosig for Viral

Indications

Not Visible
Clear
Cataract
Aphakic
Pseudophakic

Patent / Blocked

Yes / No

Deep Stromal Infiltrate
Negative Scrapings
A_typical Presentations

Others

_______._I_________l

viral

Mycotic Keratitis
Acanthamoeba Keratitis
Bacterial Keratitis

Infectious Keratitis

Not Speciﬁed

viral
Mycotic Keratiti

Acanthamoeba
atitis

5
Keratitis

Bacteriar Ker

Infectious Keratitis

Not Speciﬁed

HSV-1 Keratitis

HSV-2 Keratitis
vZV Keratitis
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alcofluor White Fluorescent stain

S g s
Preparation of €

Stock Solution A

Calcofluor white (Fluorscent brightener Sigma) lg

Distilled wates 100 mL
Stock Solution B

I'vans blue (Sigma) 0.05¢

Distilled water 100 mL
Working solution

Solution A I mL

9 mL

Solution B

Preparation of NNA ‘ .
e o agar was dissolved in 1000ml of Phosphate buffer saline (pH 7.2) and
oms ol agar Was =

15
4 5o sl petrl plates-
autoclaved and pmn'cd in sterile petrt pla

pension |
ined on nutri ne colony of £. coli

aine

72)ina ube (O

ition of E.coli sus o
] ‘(Ja]' L

“coli was maint agar p

| of PBS (pH

), A fresh |

Prepar:
ent

adjusted to ~

A (-ll“ll['L_’ O[‘ ]; Ptlc ] denSi[y <
ol
Was SU‘\']')CI"ldCd n _’5”] . 1 |
- qg made C[Elll\.
1y otw as l'nddL 3
()5 r\'/lcl"r'.ll.]il['l('l thC opan:ll_\

T A and Tris) buffer
UNSFT (l'l'C'] qodium Clllﬂrides SDS?EDTA an
S i = sM
Urea 0
sps) 2%
2% Sodium d(‘decyl sulphate BE ) 0.15M
Sodium Chloride 0,00”\/I
0.0IM

EDTA
Tris HCI




’ l)\'( - " . .
; medium for axenic culture of Acanthamoeba

Proteose Peptone 200
Yeast extract Do
\Magnesium sulphate 7H>0 0.980g
Calcium chloride 0.059¢
Sodium citrate. 2H20 lg
[erric ammonium sulphate.6 H>O 0.02¢
Potassium dihydrogen phosphate 0.340¢
Disodium hydrogen phnsphulc.? H-0 0.3552
Gilucose 182
1000mL

Dist. water

All the chemicals were added 1 @ sterile conical flask and 900ml of distilled water
was added to it and mixed tll dissolved. While stirring calcium chloride was added
and the pll was adjusted 10 6.5 = 0.2.and then volume of the medium made up to

1000m] and autoclaved:
filtered through 0.22pm

. - e 5 . vere
A miivture of antib:oue and aml-lungﬂl agents W
medium. One mL of medium was

membrane  filter and added 10 aulocla\'cd
1 for sterility check up-

inoculated in brain heart infusion brotl
Mixture of antibioti¢ and anti—fungal included:
/\mphotcricin 2.5mg
pencillin 60mg
Gentamicin solution 50l
Sll'Cp[()]ﬂ)’Ciﬂ 50mg
{ water ImlL

Sterile dis
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Use of 18S rRNA Gene-Based PCR Assay for Diagnosis of
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I tissues requires considerable expertise and
r the genus Acanthamoeba, has
PCR assay was compared
In a pilot study, the PCR

ith culture-proven non-

Identificati . e
is uf[e;::h[.“"llun of Acanthamoeba cysts and trophozoites I ocula
! time-consuming. An 185 'RNA gene-based PCR test, highly specific fo

recently F— P
ly been reported in the molecular diagnosis of Acanthamoeba keratitis. This

“ i‘}] ¢ i . - e
ccmdic[(-m\“‘““!!:ll microbiological tests for the diagnosis ol"zlca.rirlmmoc’ba keratitis.
ions with modifications were first tested on corneal scrapings from patients with ¢
sting of corneal scrap-

contac

E;;g:.;;:)]cn_s-rclutcd Acanthamocba, pacterial, and .ﬂ%ngnl keratitis. This un? l'(fl]m\'c‘t_iﬁbyl' t? L o
of the I.n. 53 consecutive cases of microbial keratitis to determine sensitivity, SPC'-{l_CIf}l, ﬂi? dplrc‘ml-gl;)'rc.\aluc.s
cor ."f‘-"“}'. All corneal scrapings from patients with proven /{carrtlxan:acba !(cmfl_ls showed a 463-bp .m‘lph-
1, while no amplicon was obtained from patients with bacterial or fungal keratitis. Some of these amplified

!;ruducls were sequenced and compared with EMBL database reference .scqucnces_ to validate these to be of
Acanthamoeba origin. Out of 53 consccutive ¢ obial keratitis included for evaluating the PCR, 10

(18.9¢ ases of mice of combined ults of culture, smear and
9%) cases ) incd res c i
o) cases were diagnoscd as Acanthamoe the basis of comm ’ ’

; ba keratitis on sult
'I'(,R of corneal scrapings Bascd on culture results as the “gold stanflnrd," the scn‘smvltydqf' I?FZR'\sl'ns thcfsagac
\t fh“t of the smear (87‘.:-1%); however, the specificity and the positive =C|’nd Fl;esnglwt;l ;Jr;_] 18Lr2ur; 1: g 3;530‘,3;51}:
9'}l7ecrnmrgi"“".\' higher than the smear examination (97.8 versus 95.6%, iﬂ"]c;:c?zr e i’(‘:f{ i ﬂ,“d wsilf
f"lrquryJ although the difference Was not significant. This A e

St study to evaluate a PCR-based assay against ag

conventi
and identification of Acan-
othods could be suitable for both clin-
| purposes; therefore, they need to be
CRs with corneal scrapings, corneal

ar methods for detection

). These M
demiologica

molecul
shamoeba (
jcal and ep!

wrily from
ggest-

described primé
al studics sU

Acq
””i‘(
deve Moeba keratitis has been

ing countri ;
1,5 Soft L‘tm['ljnl—lc5 of the world, with sever
Sl acl lens wear as . oreates ek factor. [n con- seanes
atag the repory car as the greatest risk fac _ O eliable and sensitive: : !
T Wang | s from India and other developing countries - helial biopsy specimens, and tear samples for diagnosis of
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DNA (ATCC 50370) and clinical isolates of Acanthamoeba but
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Douhlc-slrand sequencing of the above 463-bp PCR-ampli-
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U07417). Two of the sequences (AF534149 and AF534151)
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(AFO]9062) and Acanthamoeba Sp- isolate U/E7 (AY026249).
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keratitis. To the best of our knowledge this is the first study to
evaluate the sensitivity, specificity, and predictive values of a
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QOur results show that the sensitivity of PCR was similar
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Classification and Molecular Typing

Although the genus Acanthamoeba was first established i1.1 193.1,
considerable confusion about its taxonomic classification existed in
the literature until recently. Volkonsky divided the existing genus
Hartmanella into 3 genera i.e., Hartmanella, Glaeseria and Acanthamoeba.®
In 1975, Visvesvara and Balamuth identified definable and
demonstrable differences in the trophozoite and cyst stages of
Acanthamoeba and Hartmanella.

Classification of Acanthamoeba at the genus level is relatively clear,
but since it is an asexual organism, the concept of the species is
unclear. Many approaches have been used for the subgenus
classification of Acanthamoeba, which mainly include classification
based on: (i) morphology of the cysts, (i1) isoenzyme electrophoretic
patterns, (iil) mitochondrial restriction fragment length polymorphism
(mtRFLP), iv) sequencing of nuclear and mitochondrial genes, and
(v) riboprinting.

In 1977, Pussard and Pon proposed the classification based on the

morphology of cysts. They established 18 different species in 3 distinct
groups (Table 9.1).8

Table 9.1: Showing classification of Acanthamoeba based
on morphology of cysts

Group | Group 11 Group III
A.astronyxis A.castellanii A.culbertsoni
A.comanodoni A.rhysodes A.royreba
A.echinulata A.mauritaniensis A.palestinensis
A.tubiashi A.divionensis A.lenticulata
A.griffini A.pustulosa
A.polyphaga
A.lugdunensis
A.quina

A.triangularis
A.hatchetti

The systematic classification of Acanthamoeba based on cyst
morphology has been deemed ambiguous and vague. It can define
an isolate up to the genus level but variations occur in cyst forms
within the species and clonal population, this fact makes classification
using morphology as very subjective process. Also this system does
not show genetic relationship between the strains.? Ionic strength of
the growth medium is said to alter the shape of the cyst walls, thus

substantially reducing the reliability of cyst morphology as a
taxonomic characteristic.1?
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identification and differentiation of Acanthamoeba isolates, Chung
et al subjected 23 reference strains of Acanthamoeba for classification
at the subgenus level by riboprinting i.e., PCR/RELP analysis.!8 The
dendrograms based on riboprints coincided well with grouping based
on morphology of cysts and that with dendrogram constructed by
Stothard et al'% which is based on rRNA gene sequences.

Pathogenesis

cribe the late stages of the disease probably modified by drug
therapy.!2! Several animal models?? and short-term primary cul-
tures of corneal cells?” have been used to study Acanthamoeba keratitis.

wl}ich are not specific to cOrnea-pathogen interaction.4 Recently,
Primary cultures30 ang immortalized human corneal epithelial cell

inegdl
l'1nes. h{ive been developed and they are more characteristic of the
in vivo situation.
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its keratocytes. This plentiful food supply allows the organism to
subsist in the stroma for a long period of time.3

Moore et al suggested that the trophozoites of A.castellanii use two
methods of penetration in entering human corneas in vitro. The first
method involves the secretion of material, which mainly includes
enzymes, that interferes with the junction of the surface squamous
epithelium. Acanthamoebae are known to have several enzymes that
include ribonucleases, phosphatase, proteinase, o-glucosidase, B-N-
acetylglucosaminidase and B-glucuronidase.3® Plasma membrane of
Acanthamoeba has enzymes like phospholipase A, lysophospholipase,
acetyl Co-A hydrolase, palmitoyl Co-A synthetase,*! alkaline
phosphatase and 5'-nucleotide activities and Mg++ adenosine.*! Acyl
Co-A:lysolecithin acyltransferase, CDP choline: 1,2-diacylgly-
cerolcholinephosphotransferase are present in the microsomal
fraction.*! Thompson and Shultz reported substantial levels of two
phospholipases, glucose-6-phosphatase and 5'-nucleotidase in both
rough and smooth endoplasmic reticula but found that NADPH
cytochrome C reductase and rotenone insensitive NAPH cytochrome
C reductase are present only in smooth surface membrane.42 Moore
et al suggested that rough ER plays an important role in elaborating
substances that break the desmosomes of the squamous epithelium.3¢
Because of the enzymatic action, trophozoites separate adjacent
surface cells, extend pseudopodia into the separated area and move
under the surface of the epithelium without causing damage to
overlying cells. This finding may explain the clinical signs of stromal
infiltrates without associated epithelial signs.36 Apart from many
enzymes, collagenase was also attributed to pathogenicity of
Acanthamoeba, since collagenase from the axenic cultures of A.castellanii
digested collagen shields and purified type I collagen in vitro. This
finding further suggests that the stromal degradation in Acanthamoeba
keratitis may be caused by parasite derived collagenase.*®

Antibodies to free living amoebae have been reported to prevent
their adhesion and spread. Antibodies also inhibit phagocytic prop erz
of amoebae and promote neutrophil-mediated killing of amoeba.

Based on results of a histopathological study of 30 cases of
Acanthamoeba keratitis four stage pathogenetic sequence of events

after initial breaching of the epithelium by Acanthamoeba have been
described.” They are:

Stage | Initial Infection

Initial infection involves breaching of the surface epithelium. At this
stage, there is no inflammatory response, because intact amoebae do
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act as a first line of defense and eliminate significant number of
Acanthamoeba trophozoites.*®

Neutrophils kill amoeba only when they are activated by
lymphokines. In addition, these altered neutrophils cannot act in the
absence to complement or antibody. Therefore, combined action of
lymphokines, complement and antibody is needed for killing
mechanism of neutrophils. Neutrophils killing mechanism involves
both the oxidative respiratory system and enzyme which are found
in its azurophilic granules such as myeloperoxidase. T-cells and
macrophage cytokine augment both oxidative respiratory system
i.e., respiratory burst and release of lysosomal enzymes from neutro-
phils. TNFo is responsible for significant stimulation of the respiratory
burst (NADPH oxidase activation) which results in the production
of oxygen derived reactive species and the release of azurophilic
granules.* Thus macrophages and neutrophils are involved in
pathogenesis of Acanthamoeba keratitis and this indicates that innate
immune system plays an important role in controlling the infection.

Diagnosis

Early diagnosis is critical to the outcome of Acanthamoeba keratitis.
The clinical features, although Occasionally pathognomonic, may be
misleading. A number of reports have dealt with the clinical diagnosis
of Acanthamoeba keratitis,*”** however, misdiagnosis due to
resemblance with viral and fungal infection is common.4 Correal or
conjunctival swabs are not useful for the diagnosis of Acanthamoeba
keratitis.®® Laboratory diagnosis is highly rewarding with corneal
scraping or corneal biopsy specimen.

With the availability of confocal microscope, Acanthamoeba cysts
may be visualized in the cornea of the patient. Tandem scanning
confocal microscopy is a non-invasive technique and allows in vivo
diagnosis of Acanthamoeba keratitis. High contrast images of coronal
corneal sections containing trophozoites or cysts are visualized on
a video monitor. While trophozoites may be mistaken for inflam-

matory cells, the characteristic morphology of cysts can be well
appreciated.”1-3

Conventional Laboratory Procedures

Diagnosis of Acanthamoeba corneal infections is not very difficult
since the procedures are within routine laboratory techniques for
bacteria and fungi with minor modifications. Two protocols have
been described for the investigation of infective keratitis—clinically
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genus specific detection of Acanthamoeba using primer pair which
amplified 272 bp of 185 rRNA gene (185 rDNA).** This primer pair
was tested by Lehmann et al in a clinical study.®® These authors also
used a second set of 185 rDNA based primer which amplified 253
bp amplicon. They found PCR to be more sensitive than culture of
corneal epithelial samples, and the use of two different primers
achieved better sensitivity than a single set.> They succeeded in
identifying Acanthamoeba DNA in tear samples of patients with
Acanthamoeba keratitis and concluded that PCR of tear samples may

complement the results of PCR with corneal epithelial samples,®
especially in culture negative cases.

Schroeder et al have reported a detailed analysis of 185 rDNA
sequences of 80 isolates of Acanthamoeba and described another primer
pair (JDP1-JDP2) that was shown to be highly genus specific.®® They
demonstrated a cross-reaction of the primers used by Lehmann et al
to that of related amoebae such as Balamathia and Hartmanella
species. JDP1-JDP2 primer pair has been recently evaluated in a
clinical study for its sensitivity in the diagnosis of Acanthamoeba
keratitis. This study compared the PCR assay with conventional
microbiological tests for the diagnosis of Acanthamoeba keratitis and
the results confirmed the efficacy of PCR assay, although the
sensitivity was equal to that of smear examination of corneal
scrapings.® Genus and subgenus specific fluoroscent oligonucleotide

probes for detection of Acanthamoeba in clinical specimens and
cultures have also been described.b”
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attempted to determine the genotype 0

onfusing evolutio

The sub-genus classiﬁcation of Acamhamoeba has
0
on the morPhO gY O T\ een discarde b
ing methods,

carliest classification Was base

(Pussard et al, 1977). This classiﬁcation meth© sten
and has been replaced py much more reliable an ngs gothard ef 4 :
especially the DNA sequencing method® (Gast & € lat ' om contact 1€ s wearers an
typing has mainly been done with canthamo€®? is0 366 Stothar 998). In this Swc,
genotype assigned to most of them is 1% ast ef & of,kcratiﬁs patie i

we genotyped amoebic isolates from orneal scrapiné red complet® and parti? SRR ¢
contact lens wear. Using 185 rRNA gene typ ve comp?

the gene.

MATERIALS AND METHODS

ded in the study

73 cases diagnoscd from Janu?

Samples inclu
A total of |
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Medical re i

microbio10g(j::;:jfja:;f0;h(;] patients were reviewed for the clinical data. Similarly, the

 eryunt e AL ka 173 cases were rf:[rospeclively analyzed. Eighteen of 173 cascs’ who

i ng craloplas.y/ewscerauon were included for histopathology study and the
viewed. Genotyping was carried out with 13 amoebae isolated from comeal

SCra . @ . .
pings of patients with no history of contact lens wear (table 1).

Tabl i
e 1. Acanthamoeba isolate included in the study for 18S rDNA genotyping

S.No Laboratory No- Morphological
w
| AF534143

1 L402/97

. L565/97 I AF534144
3 L773/96 I AF534145
4 L1060/96 I AF534146
5 L407/95 1l AF534147
6 L473/00 I AF534148
7 L749/98 I AF534149
8 L1019/99 | AF534150
9 L1002/99 | AF534151
10 L1035/99 i AF534152
11 L1629/99 1l -

13 L478/00 | AF534154

Routine mic ; : . .

Corneal :frz;)oiLoggsw;Io::czﬁK:;l;fisents had been subjected 10 smear examipatuon by three
methods, viz., potassium hydroxide with Ca or White FW), Gram and Giems2 SH{TIS Iﬂn
culture on media for bacterial an funga rowth along with onnutrient a&ar ».»I':ble }\;
Escherichia coli overlay for growth of Acan!hamoeba. ( eal but;ro ; v-[;heg ;l:lfu\;'zlof[iSSUE
microbiologic studies, Were processed for bacteria, fung! nd Acant iamsoebguraud O
homogenate on blood agar, chocolate agal prain heart infusion broth , 53
and nonnutrient agar with E.coli
Histopathot i tiple sections of

Kepr atcr?t;r;zl;’/eviscerated material Was fixed .in 10% buffered f,?ngadl;n.ar?f;tﬁzed oy placing
51 thickness were cul from paratlii e ed tissucs: e UOT‘SSion " eylene i hydration in
the slides in the VT at 51° or 1 houly ol Eg n:;irning pe jodic acid Schiff and
decreasing ethanol concentration. lien}atoxyl'" - ° rfon;ed n these tissue sections.
Gomori's methena mine ilver stal ing e loi Siise nti-human antibodies (Dako,

5 performed us;;g n B 'cp 20 antigen

Immunohistochcmistry wa
Denmark) against, T cellCD 3, Macroph2
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city of Free-Living Amoebae

th Inte §
rnat_lsnl:_al Meeting on the Bio

Typing of Amoebac
Morphological

HTlrlccn amocba isola
cysts into three morphological groups

on the trophozoite and the size and shape of

tes were classified based
¢ al, 1991 and Page éf al, 1967).

(Visvesvara e

from corneal scrapings of patients with no history of
ally as monolayers in pYG medium. For rDNA
oebic cultures using the UNSET lysis buffer

18S rDNA based
DNA analysis was done for 13 isolates

con ) :
ana]lac'l lens wear. All isolates were grown axenic
ysis, total DNA was extracted from the am

method (Hugo ef al, 1992).
ific amplimer s1)

A.S1 (Acanthamoeba spec

oeba isolates were amplifi
d from Dr. Thomas J Byers (Ohio State
forward primer '

rDNA that W
Ohio, USA) and consisted of
TC 3' and reverse primer 5

T?ACAAGCTGCTAGGGGAGTCA-B' _These primer sequences correspond t0 nucleotide
positions 928-949 and 1367-1390 bp, respcctivcly, of 4. castellanii ATCC 50374 18S rDNA
(‘EMBL acc. No.U07413). PCR was carried out @3 described previously (Pasticha éf al, 2003).
Sequencing of the PCR products Was done with DNA sequencer ABI PRISM 3700, following
manufacturer’s prmocol. Seven out of 13 isolates W nced for complete
by Dr. Gregory C Booton, Ohio State Un Jumbus, Ohio, USA.

i T1-T12) genotypes for

iversity, &0
analyzed against the same sct of reference strains e types
Acanthamoeba. S€QUENCEs i equences (identified
STAL-X (hltp://www-

obtained were alig !
by BLAST search and retrieved fr =MBL database) using
78,9 were very

igbmc.u—strasbg.frfBio]nt‘o/clusml). led that genotyPe o S i
A}

s i not inc
distant from the remainder of A vere
further analysis.
ed to construct tree and infer the gcng[ic
d inferences regarding

moeba isolates were |

of the r NA sequence 5
dence s For the purpose: the
h of the

-.cted to boO
datd o SLbeeC i SEQBOOT software an e
pIST) and consensus

100 times usin -
eneti jstances .
(Unweigh ed pair group methpd

ms were done using

_ All 13 am ed using AS
primers specific for 18S ere obtain€
University, Columbus,

GGCCCAGATCGTT TACCGTGAA-

_ e data from 132
identities. To ascertain the confi

the genetic identities, sequence
aligned sequences were resample

resampled data s¢ n used to €
ic relatlonships using
NSE GE programs
n.

The sequenc

t was the

distance tree showing geneti
using Arithmetic averages followed bY ~* i
PHYLIP package 3.6 (hltp:f’/evo[ution.geneucs.was ing
te
sequencing to generd
In order to compare the capabl ty of P2 Ea[ u ed : he al gned qucnceso
phylogenetically informative dat® Jistances Wer ences vailable pistances Wer
amoebae isolates for which complete 3_”d par jal se;c;luparametﬂ - model and averdé pefcel
iST progrant %hKlmurae removal of gaps intronic 181" o
ithou

obtained using DNA
dissimilarity values were calculate
unambiguous positions within the sequence:

66



A: PREDISPOSING FACTORS,

CURRENTMPI(E:RSPECTIVES ON Acanthamoeba KERATITIS IN INDI
o ROBIOLOGY HISTOPATHOLOGY AND GENETIC CHARACTER!ZATION.

RFSTI TS

contact lens

Predisposing factors
th vegetable

Only one of the
wear. Common risk
matter, stone, dust or washin

) of Acanthamoeba keratitis had history of
ith AK were history of definite trauma wi
h contaminated water.

173 cases (0.6%
factors associated W
g of eyes wit

emsa and culture was

Microbiological techniques
sisting of KOH/CFW, Gram, Gi
ing data were

Comp]ctc microbiological data con
available in 166 out of 173 patients seen by us. Seven cases with one or more miss
gs by KOH/CFW

C_XCIUded from the analysis. Acanthamocba cysts were detected in corneal scrapin
in 147 (89%) , by Gram stain in 135 (81%) and by Giemsa stain in 122 (73%). Culture on NNA

was positive in 135 (81%) of 166 cases. Detailed comparison @ KOH/CFW, Gram and Giemsa

with culture is tabulated in table 2.
of Calcofluor white, Gram and Giemsa staining with culture in

Table 2: Comparison
thamoeba in corneal scrapings

Total

detecting Acan
KOH/CFW Gram Giemsa
+ - + - + - =
Culture + 118 17 109 26 a5 20 135(8 b)
4 31
Culture - 29 2 26 5 27
44 166

Total 147 (89%

+ : Positive . - Negative
Shaded values: Total of specimens positive by K
percentages in parcmhcsis
Histopathology histopa logical fcatures.ShOwed

Five out of 18 (27.7%) samples that were 3 holo featur of these cases included
presence of granulomatou® inflammation i histop® roin all the cases: he stroma howe
epithelial ulceration with destruction fBmean-sl Y the anterior two-thirds of Stlromad
inflammatory infiltrates consisting f neutr LS | in two caSESvVlabe?gn
Vascularization of strom? was noted 1 mid and ‘;]F;p eper O anﬁ t:e gegan
degenerated cysts of Acanthamoeba ere S ol heloid cells, lyl|111Pw dy:: ysts of
around Descemets membral® showed a ¢ cells an ! m?es,r:racs)ite Wh
multinucleated gIERt cells. SO o gl‘.;al,lg esting i ef un?i to be of T cell
Acanthamoeba in the ¢ °pltas;-y " ells in the € troma s 68 an

. 0 3
lmmunophenoryped the inflamma Y ions the cells We sl ¢ hmacmph g
population. In the granulomamus .r ‘dominﬂﬂce b Jympho
negative for B-cell marker, suggesting ¢
T .
pingint AoRIEE h soites) were represented
0
cysts and troP

Morphological
All the three grouPs (bas;d 0
within the 13 Indian isolates In¢
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xlh Int . .
% f:rrjappn_al Meeting on the Biology and pathogeni

complete sequencing of amoebae

‘Type T4’ .scc}ucncc (figure 1). The genetic identities were
hat indicate the robustness and reliability of the rDNA

s . .
a‘;?:ggcg data obtam'ed in the study for establishing the genetic affiliation of the analyzed
a isolates. Partial IDNA sequences specific to 12 amoeba isolates analyzed in the study

are deposited in GenBank (Accession Nos. AF534 143-AF534154).

18S rDNA based
The rDNA based phenogram

tested in this study belonged to
supported by very high bootstrap values t

obtained from partial and

trains (representing all
sequence of 18S rDNA
d unambiguous positions
tween the genotypes
s respectively
encing were higher when
overall sequence
8%) between T4
ere comparable.
1% and 5.50%

14 Acanthamoeba reference S

partial and complete

Alignment of 7 Indian isolates with
t, i.e, 2aPS introns an

genotypes) revealed 431 and 2961 bases for
rC_SPCCtiVCl}’- The aligned sequences Were uncu
within the sequences Were not removed. Average dissimilarity values be
ranged from 4.55 to 17.04% and 3.73 to 53.3% for partial an
(table 3). Most of dissimilarity values obtained from partial sequ
mplete sequencing. When using partial sequencing data set
om 0.2 - 3.8% ( average 2.48%) and 0 - 3.5% (average 2.1
e 3). The values obtained from complete sequencing W
lues for T3 and T11 when compared 0 T4 were 5.9

and 4.51% (com

compared to €O
variation ranged T
and Indian isolates, (tabl
Average dissimilarity va
(partial sequencing) and 4.81%

patients having

0) there Was only _
found to be @ major risk factor among our papents. 'In
keratitis arc being increasingly diagnosed 11 India,
jori i 9g). Routin
majority of whom arc in non-contact lens wearers ava |'sesthg$n 1”2 [h?s e
i i 1 Y.
microbiological methods are often a diagn' h : ‘
r f corneal scraping 10 be highly S g9%) in detecting
d Giemsa staining
:ve and smear

found KOH/Calcoﬂuor staining ©
ining (81%0) a0
ulture neg

Acanthamoeba, followed by Grams stain! 166 were €
0 ‘{y one €ases among
n 81% of the cases. Thirty ‘e (none

hree stains), whi
d culturé positive:
i

DISCUSSION

oné

As reported carlier (Sharma €/ al, 200

history of contact lens wear. Trauma was
recent years patients with Acanthamocba

positive i
positive (either of t
techniques were positive) an
marginal increase in the sensitivity

y with P

ive medical therap
Iaslyfcvisccration for

jtuti 0 ¢ cases See 1
e constituting » of all th s - elear in
| oma.(Garner et al,

Despite intens
penetrating keratop
examine 18 such samp

tissues in AK show evidence
trophoz@ L i
the diseasé .
vascularlzatwﬂ

with the presence of P
d clinica course ¢ . .

hic incluc™ e osis and the presence
00) Though

necrosis along
keratitis W ough
ig .
t uganti el @ o
on. this 18 rarely

1993) Despite the prolong®

lymphocytes (Kremer € '3 by
the deep stromad ccompan'®

8 : Iy evoke B ;erve
acanthamoebi¢ infections © ue e 997) We 3' rapid!y pr

reported in Acanthamo€ a g
promiimes " o 5"0”_‘3 the Jimbus
titis, with exté nto

Acanthamoeba kera
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LOGY HISTOPATHOLOGY AND GENETIC CHARACTERIZATION

n of modified macrophages, namely the

out associ i

sociated mulllnyc[catcd giant cells and lymphocytes Though
s reaction 1n general remains unknown, tht; process
sence of T lymphocytes, s found in this
y be an immune-mediated
ntations of this

Sléghc_:loid cells with or with
fiite .
e llllzt;vpathoger_lcms of the granulomatou
ctudy, slf acnon-lmmunc or immune aetiology- The pre
process f[gthilig:‘aft r%iraﬂulorzllamus inflammation in the comnea ma
e , although urther studies are warr i

R T e inicd] silkiees anted to understand the varied prese
T4 - A.castellanii CcDC:0981:V006 (U07400)

s
T3 - A.gnffini H37 (S81337)

# ‘
T11 - A.stevensoni RB:F:1 (AFO1 9069)
T4 - A.sp- Liu-E1( AF019055)

- LVPEI: 402/97
LVPEI:478/00
LVPEI:473/00
T4 - A.hatchetﬁ 3
LVPEI:1060/96
LVPEI:407/95
LVPEI: 773/96
LVPEL: 1002/99

LVPEI: 1019/99
yphaga HC-2 (AF019056)

____E: T4 - A.polyp
T4 - A.rhysodes (AF260720)

4 - A.castellanit

100
T
95 10 - LVPEL 565/97
LVPEL 1629/99

LVPE!: 1035/99

LVPEL g8/00
T4 - A.royrebad Oak Ridge(U07417)
T4 - A.pon‘yphaga Nagington AF019062

LVPEI:749/98
AF019067)

98
ST(AF260723)

83 68

illy A-1 €

= A culbertsoni L
T1-A healyi (AF019070)
418 (U94736)

B4 T5- A lenticu!ara strain
100 97 T6-A pafestinsnsis 280 AF019063)
- haga OX-1 (AF019051)
tic t Zczz b:sio'ry:; pgrtial 185 rDNA sequences: The numbers
e y [ues 4D e value pelow 50 are not shown- The
S obtainé fro the EMBL
hown a8 LVPEI

Figure 1. UPGMA phyl
re the pootstrapP va
ce sequenc
dian isolates 8T€ 5
isolation number

T10 -

at the nodes @
accession numbers of the referenct
i arenthesis. Thirtee! Indi
sponding laboratory

database ar¢ given i .
(Lv prasad [nstitute) with corr€
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xt I”t o ng o o g P ogen (o} ty ()f Fr s
- ernat. /
= 1 nal Mee i
ti
n th... Biolo y and ath
i i
ee

7

Tabl
ed:
Percent average dissimil

se
quences of 18S rRNA gene

12

isolates

T1
T2 T3
T5 T6 T10 Til T

.Indian
isolates

A\"Cl‘agc lJ{’,l( C tae n ]I AT 1t bc[h(:(:“ g
1‘.9‘., dlSSI 111d y

P icnc,
verage .
sgCnc, ge percentage dissimilarity petween genotypes
shaded values deno
t
¢ the average sequence dissimilaritics within T4 and Indian isolate
. We have rece :
mitochondrial genzt]()li }zjub]lshcd genotyping f Acantham® lates based °F 16S TRNA
rRNA edee et al, 2 ). In this study, We i
p gene. Our study revealed o ; Y gen ing using 185
canthamoeba isolat at there eX1> a egree f ic di rsity among the
Indian isolates sh es (figure) 2 all these carry he ‘T4 signd" withi themselves: the
was emPhasized (t’)wed conside bl variation suggesting multiple Acamhamoeba gpecies: his
reference strains) y ]fhc fact that represcntatives rious species © Acamhamoeb (T4
representing Vari clustered ! gen || the three groups (02 ed 0 orphology)
genotype consi :0”5 species grouped together genotyP® uggesting agal that T4
regarded as a fs of various §pec1es olog al ¢l sificat cam'*-ot be
original work ool for speciating canthamo® a. e resul e onf with ‘[he
type sequen :Df Gast é! 'ai which describes the T sequence Y. hat the T4
comprisi ok Chﬂfa(flerlzcs a heterogeneous group of pathogemc jsolates of A anrhamoeba
ing of many different species:
pencing A.S! provided sufficient
enotypes and als®
gince h averas

Th : '
interste FCS““S of this study further shoW that parti

had alr;.“.n sequence variatio distinguis everal clusters ©

ility to distinguish petween osely related T3-T4—TH clade,
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considered to be cut-off value to
advantages which partial sequencing has over complete
expensive and consumes much less time both for
this study we found that partial seque
Acanthamoeba isolates and hence can
a marker to detect Acanthamoeba inc

ha et al, 2003).

dissimilari
issimilarity values of both T3 and T11 were >5%, which is

scpamtg any two genotypes. The
zzgﬁzchng is that it is less cumbersome, less
185 rD(;\IJij and analyzing the data. Thus, in
oo bol rscrvcd our purpose of genotyping
Spccime,: or sub.—gcnus classification and as

s as previously described by us (Pasric

ncing of the
be used as a
linical
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