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Pathobiology and Immunobiology of 
Acanthamoeba Keratitis: Insights from Animal 
Models
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Acanthamoeba keratitis (AK†) is a rare but sight-threatening disease caused by pathogenic species of 
Acanthamoeba. Despite its ubiquitous nature, the incidence of AK is relatively low compared to other 
forms of infectious keratitis. Although contact lens wear is a major risk factor, exposure to contaminated 
water and ocular trauma are also associated with AK. Once a patient develops AK the prognosis is very 
poor unless an aggressive treatment regimen is initiated early. Some of the intriguing features of AK are 
the lack of immunological memory, resistance of the dormant cyst form to treatment, differences between 
the pathogenic strains and soil isolates of Acanthamoeba and the unique role of the innate immune 
system in controlling this disease. Understanding the series of steps involved in the pathogenesis of the 
disease and the host immune response against Acanthamoeba antigens is crucial for developing effective 
therapeutic strategies targeting the disease.
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INTRODUCTION

Acanthamoebae are microscopic, free-living proto-
zoa that are frequently isolated from soil, water, air, and 
nasopharyngeal mucosa of healthy individuals. The life 
cycle of Acanthamoeba consists of two stages; the tro-
phozoite and the cyst. The trophozoites (10 to 25µm) are 
the vegetative forms which feed on organic matter, other 
microbes, and divide mitotically. When exposed to harsh 
conditions such as lack of nutrients or extreme heat or 
cold, the trophozoites differentiate in to a double walled 
cyst form (8 to 12µm). The outer layer of the cysts is 
composed of polysaccharides and the inner layer is made 
up of cellulose. The cysts are resistant to repeated cycles 
of freeze-thawing and also remarkably high doses of ul-
traviolet and gamma irradiation. The cysts are metabol-

ically inactive and can remain viable for up to 20 years 
under dry conditions. Pathogenic Acanthamoeba species 
cause two distinctly different diseases: a) granulomatous 
amoebic encephalitis (GAE) and b) amoebic keratitis. 
GAE is most commonly seen in immunocompromised 
patients whereas the most common disease caused by 
Acanthamoeba species is amoebic keratitis, which occurs 
in immunocompetent individuals [1].

Acanthamoeba keratitis (AK) is a progressive 
sight-threatening disease caused by at least eight spe-
cies of Acanthamoeba: A. castellanii, A. culbertsoni, A. 
polyphaga, A. hatchetti, A. rhysodes, A. lugdunesis, A. 
quina, and A. griffini [2]. Contact lens wear is the most 
common risk factor and accounts for > 80 percent of the 
cases of AK. The disease can be managed if diagnosed 
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and treated during the early stages. As the disease pro-
gresses an aggressive treatment regimen involving hourly 
around the clock application of antimicrobials is needed. 
Corticosteroids are sometimes used to dampen inflam-
mation in severe cases but they often need to be used 
in combination with antimicrobials such as polyhexam-
ethylene biguanide (PHMB) or propamidine isethionate 
(Brolene®). However, corticosteroids can cause extensive 
ocular damage and in some cases, induce the excystment 
of the cysts to the active trophozoite forms, which neces-
sities coverage with antimicrobials [3]. Despite aggres-
sive therapy, some patients fail to respond to treatment 
and corneal transplantation is needed to restore vision. 
Although Acanthamoeba spp. are ubiquitous and the 
leading risk factor for AK, contact lens wear, is practiced 
by over 30 million individuals in the United States, AK 
is extraordinarily rare with less than 150 cases occurring 
each year in the U.S. [4,5]. Moreover, serological surveys 
indicate that 90 to 100 percent of the adult population 
with no history of AK has serum antibodies specific for 
Acanthamoeba antigens – a finding that suggests that ex-
posure to Acanthamoebae is commonplace, yet the dis-
ease is rare. These observations have prompted investi-
gators to search for other risk factors and conditions that 
contribute to the development of AK.

Pathogenesis of Acanthamoeba Keratitis
One of the fundamental tenets of parasitology is the 

concept of host specificity. It is widely believed that the 
first step in the development of AK is initiated by bind-
ing of the trophozoites to the corneal epithelium. Early 
in vitro studies revealed that Acanthamoeba trophozoites 
demonstrated a strong predilection to bind to the corne-
al epithelium of only three mammalian species – human, 
pig, and Chinese hamster – but failed to adhere to the cor-
neal epithelium of common laboratory animals such as 
mouse, rat, cotton rat, and rabbit [6]. These in vitro results 
were confirmed in vivo with the finding that AK could be 
transmitted through the application of trophozoite-laden 
contact lenses in pigs and Chinese hamsters, but not in 
any of the mouse or rat strains tested [6].

Contact Lens Wear as a Risk Factor for 
Acanthamoeba Keratitis

The characteristic features of AK include severe 
pain, radial keratoneuritis, and stromal ring-like infiltrate 
(Figure 1). It is widely believed that contact lenses serve 
as vectors for transmitting Acanthamoeba trophozoites 
to the ocular surface. However, studies in animal models 
have revealed that contact lenses not only serve to deliver 
infectious trophozoites to the cornea, but they also alter 
the ocular surface rendering it more receptive to bind-
ing of trophozoites. That is, cornea organ culture studies 

revealed that contact lens wear upregulated the expres-
sion of mannosylated glycoproteins on the surface of the 
corneal epithelium [7]. The mannose receptor on tropho-
zoites facilitates the parasite’s binding to the corneal sur-
face. This initial step of adhesion to mannosylated glyco-
proteins induces the release of a 133 kDa protein referred 
to as the mannose-induced protease 133 (MIP-133) [7]. 
The serine protease MIP-133 induces apoptosis of cor-
neal epithelial cells through a cytosolic phospholipase 
A2α pathway and facilitates trophozoite penetration into 
the corneal stroma [8]. MIP-133 also produces “stromal 
melting” or enzymatic degradation of the collagen matrix 
that forms the middle layer of the cornea. Acanthamoeba 
trophozoites secrete other proteases including a plasmin-
ogen activator (Acanthamoeba plasminogen activator or 
aPA) that produce similar degradation of the corneal stro-
ma [6,9].

Anti-disease Versus Anti-microbial Vaccines
A compelling body of evidence indicates that ele-

ments of the adaptive immune response, including com-
plement fixing antibodies, are incapable of damaging ei-
ther Acanthamoeba trophozoites or cysts [10]. However, 
mucosal immunization using killed trophozoites stimu-
lates the production of secretory IgA antibodies in the 
tears that block adhesion of the trophozoites to the ocular 
surface but have no effect on the disease course if immu-
nization is initiated after the trophozoites have bound to 
the corneal epithelium [10]. Thus, the adaptive immune 
response can prevent the initial first step in the infectious 
process, but fails to affect the viability once the amoebae 
have entered the cornea [10].

Acanthamoeba-borne protease, MIP-133, plays a 
crucial role in the pathogenesis of AK and has served as 
a target for vaccine development. Mucosal immunization 
with MIP-133 leads to the development of secretory IgA 
anti-MIP-133 antibodies that appear in the tears and block 
the enzymatic degradation of the corneas in Chinese ham-
sters [9]. This immunization strategy demonstrates that 
an “anti-disease” vaccine can mitigate crucial pathogenic 
components of AK without affecting the viability of the tro-
phozoites. Thus, blocking the pathogenic proteases elab-
orated by Acanthamoeba trophozoites can be an effective 
strategy for mitigating corneal disease, although by itself, 
it is ineffectual in eliminating the infectious organisms.  

Bacterial Flora of Ocular Surface and Risk for 
Acanthamoeba Keratitis

Recent years have witnessed an explosion in interest 
and research on the role of the microbiome in a variety 
of infectious and autoimmune diseases. Long before the 
microbiome was in vogue investigators observed a curi-
ous association between certain bacterial species in the 
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flora of the ocular surface and the development of AK. 
In particular, Corynebacterium xerosis was implicated 
as a “co-factor” in AK. Using a rat model of AK, Bade-
noch et al. [11] demonstrated that the severity of AK was 
exacerbated if Acanthamoeba trophozoites were fed C. 
xerosis prior to injecting them into the cornea. Howev-
er, subsequent studies revealed that another explanation 
for the exacerbation of AK by C. xerosis was due to the 
induction of MIP-133 by mannose that is present in the 
cell walls of C. xerosis. Of the bacterial species found in 
the ocular surface flora, C. xerosis stands apart from the 
rest by having the highest content of mannose in its cell 
wall [12]. Moreover, exposing trophozoites to C. xerosis 
in vitro induces the production of MIP-133 and produces 
a dramatic enhancement of in vivo pathogenicity of Acan-
thamoeba trophozoites in experimental hosts [12].

Endosymbionts and Pathogenesis of 
Acanthamoeba

Acanthamoeba trophozoites are metabolically ac-
tive and use a wide variety of bacteria, fungi, and or-
ganic matter as a food source. Certain bacterial species 
have developed strategies to avoid lysis by the amoeba 
and survive as intracellular endosymbionts within Acan-
thamoeba. The association between the bacteria with 
the amoebae can be transient as in facultative intracel-
lular bacteria or stable as in the case of obligate intra-
cellular bacteria. These bacterial endosymbionts cannot 
survive outside of the amoebae and efforts to culture 
them axenically have proved to be extraordinarily diffi-
cult. Some of the most common endosymbionts identi-
fied in Acanthamoeba spp. are Mycobacteria, Legionella, 
Pseudomonas, and Chlamydia [13]. These bacterial en-
dosymbionts influence the pathogenicity, virulence, and 

susceptibility of Acanthamoeba to therapeutic agents. In 
an attempt to understand the role of endosymbionts in 
promoting pathogenicity, Iovieno et al. [14] conducted a 
study using clinical isolates of Acanthamoeba from cor-
neal scrapings, corneal biopsies, corneal buttons, contact 
lenses, and lens cases of patients presenting with AK. An 
intriguing aspect of this study was the observation that 
Acanthamoeba isolates collected at different time points 
from the same patient harbored different bacterial endo-
symbionts while Acanthamoeba isolated from different 
patients had similar endosymbionts. The clinical isolates 
in this study harbored bacterial endosymbionts including 
Pseudomonas and Mycobacterium inside both tropho-
zoites and cysts. The Acanthamoeba isolates harboring 
endosymbionts had significantly higher in vitro cytopath-
ic effects (CPE) against corneal epithelial cells compared 
to isolates without any endosymbionts [14]. Even though 
the exact mechanisms involved in the endosymbiont-as-
sociated pathogenicity by Acanthamoeba trophozoites 
are not fully understood, one can speculate that the man-
nosylated glycoproteins in the bacteria cell wall might 
act as a stimulus for the increased secretion of proteases 
by Acanthamoeba trophozoites. In turn, these proteases 
might contribute to the pathogenicity and severity of the 
disease. These pathogenic effects are most likely medi-
ated at the corneal epithelial surface. Since it is widely 
viewed as a symbiotic relationship, Acanthamoeba might 
also be protecting these intracellular bacteria from thera-
peutic agents and the hostile host environment [15].

Innate Immunity and AK
More than 30 million Americans wear contact lenses, 

yet the incidence of AK in contact lens wearers in the 
U.S. is less than 33 cases per million contact lens wearers 

Figure 1. Clinical features of Acanthamoeba keratitis. A) Normal human eye (reprinted with permission of National 
Eye Institute) and B) Eye with Acanthamoeba keratitis. The ring-like stromal infiltrate (arrow) is a characteristic fea-
ture of Acanthameoba keratitis [6].
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to endophthalmitis or retinitis. 

Complement and Acanthamoeba Keratitis
The complement system is an important barrier to 

many microbial infections and acts in a cascade-like man-
ner to kill bacterial and protozoal pathogens. The com-
plement cascade can be activated by bacterial products 
through the alternative pathway or by complement-fix-
ing antibodies through the classical pathway. Thus, the 
complement system straddles the innate and adaptive im-
mune systems [25]. Activation of the complement path-
way during AK can occur through the classical pathway 
by specific antibodies directed against antigens on the 
surface of Acanthamoeba trophozoites. In addition, man-
nosylated glycoproteins on the surface of Acanthamoeba 
might activate the alternative pathway of the complement 
cascade. The role of complement in the pathogenesis of 
AK is unresolved. In vitro studies using normal human se-
rum have demonstrated that Acanthamoeba trophozoites 
are susceptible to complement-mediated lysis either in 
the presence or absence of antibody [26]. By contrast, 
studies using pathogenic strains of Acanthamoeba have 
demonstrated that the Acanthamoeba trophozoites are 
resistant to complement-mediated lysis due to their ex-
pression of complement regulatory proteins that disable 
the complement cascade [27]. These latter studies further 
demonstrated that treatment of the pathogenic strains of 
Acanthamoeba with metabolic inhibitors such as cyto-
chalasin D, or serine protease inhibitor such as PMSF, 
which prevent the production of complement regulatory 
proteins, leads to increased susceptibility of pathogenic 
trophozoites to complement-mediated lysis. These ob-
servations are further supported by animal studies which 
have demonstrated that systemic immunization or gener-
ation of complement fixing antibodies does not influence 
the severity or duration of the disease [10].

Toll-like Receptors in Acanthamoeba Keratitis
In addition to neutrophils and macrophages, other 

important components of the innate immune system are 
the Toll-like receptors. The human cornea is exposed to 
a wide variety of ubiquitous pathogenic microorganisms. 
The ability of the cornea to recognize these pathogens 
and initiate an appropriate immune defense mechanism is 
crucial for maintaining corneal clarity and vision. The in-
nate immune apparatus of the cornea consists of cell sur-
face molecules that detect pathogen-associated molecular 
patterns (PAMP) that are expressed by molecules that are 
frequently expressed on microbial pathogens. Toll-like 
receptors (TLRs) often exist as transmembrane proteins 
that are expressed on various cells and serve to detect 
pathogens in the external environment. TLRs have extra-
cellular and cytoplasmic domains that respond to PAMPs, 

[16]. This raises the question as to why AK is not more 
prevalent. The low incidence of AK suggests that the 
host’s immune system might influence its development 
and severity. Serological analysis of the serum IgG and 
tear IgA levels in a cohort of healthy individuals with no 
history of AK revealed that 50 to 100 percent of these 
individuals possessed antibodies against Acanthamoeba 
antigens [10]. Interestingly, the serum IgG and tear IgA 
levels were significantly lower in patients with AK com-
pared to the cohort of normal individuals with no history 
of AK. These findings suggest a significant role of the 
mucosal immune system in preventing AK [17,18]. 

This hypothesis was tested in the Chinese hamster 
and pig models of AK. Both the pig and the Chinese ham-
ster develop a self-limiting disease that resolves within 3 
to 4 weeks of infection. However, in both animal mod-
els, resolution of ocular infections does not provide re-
sistance to reinfection with Acanthamoeba trophozoites. 
This strongly suggests that the adaptive immune response 
is either not induced by the corneal infections or is gen-
erated but is ineffectual in eliminating infectious Acan-
thamoebae [19]. 

In contrast to the adaptive immune response, a sig-
nificant body of evidence suggests that cells of the innate 
immune apparatus, namely neutrophils and macrophages, 
play a significant role in the resolution of AK in Chinese 
hamsters. Elimination of conjunctival macrophages with 
liposomes containing the macrophagicidal drug, clo-
dronate (dichloromethylene diphosphonate), prevents 
resolution of AK [10,19]. A similar exacerbation of AK 
occurs if neutrophils are eliminated by the in vivo admin-
istration of an antibody that depletes neutrophils. Impor-
tantly, in vitro studies have shown that both neutrophils 
and macrophages are capable of killing trophozoites [20].

A puzzling feature of AK is the almost complete ab-
sence of intraocular infections in Acanthamoeba patients. 
Of the hundreds of cases of AK that have been report-
ed since the original description of this ocular disease in 
1975, less than six cases culminated in the penetration of 
Acanthamoeba trophozoites into the posterior portion of 
the eye [21-23]. Studies in Chinese hamster model of AK 
have shown that the trophozoites are indeed capable of 
penetrating the cornea and entering the anterior chamber 
of the eye. Moreover, injection of as many as one mil-
lion trophozoites into the anterior chamber of the Chinese 
hamster eye fails to produce infections in the retina or any 
portion of the posterior segment of the eye [24]. Within 
24 hours of intraocular injection, trophozoites are incar-
cerated by neutrophils and are totally eliminated from 
the eye 15 days after injection. Importantly, there was no 
evidence of trophozoite invasion of the posterior regions 
of the eye and no discernible injury to the retina [24]. 
Collectively, these studies suggest that neutrophils act as 
an important barrier in preventing the progression of AK 



Neelam and Niederkorn: Pathogenesis and immunobiology of Acanthamoeba keratitis 265

by the healthy conjunctiva along with the naturally an-
ti-microbial components in the tear film reduces the like-
lihood of trophozoite binding to the corneal epithelium. 
The importance of mucosal immunity was firmly estab-
lished in animal studies in which oral immunization with 
Acanthamoeba antigens along with a mucosal adjuvant 
(neutralized cholera toxin) protected hosts from corneal 
infections with Acanthamoeba trophozoites. However, 
the IgA antibodies in the tears of these hosts were not 
able to affect the viability of the trophozoites and oral 
immunizations failed to affect the disease course if it was 
initiated after trophozoites had penetrated the corneal sur-
face. These observations suggest that mucosal immunity 
in the form of secretory IgA antibodies plays an important 
role only during the initial stages of the pathogenesis by 
preventing the adhesion of the trophozoites on to the cor-
neal surface [30].

A recent study using a rabbit model of AK bypassed 
the initial adhesion step and produced corneal infections 
by intrastromal injections of Acanthamoeba trophozoites 
[31]. In this model, oral immunization via the mucosal 
route induced an IgA response which mitigated corne-
al disease. These observations contradict the previous 
observations as to how secretory IgA antibodies in the 
tears offer protection by preventing the adhesion of the 
trophozoites. Upon interaction with the pathogens, IgA 
can have diverse effector functions including prevention 
of adhesion of trophozoites, interactions with the Fcα re-
ceptors of neutrophils or activation of the complement. 
IgA has been shown to activate complement cascade via 
the alternate/lectin pathway. In the case of Acanthamoeba 
keratitis, IgA antibodies may be playing a role in activat-
ing the neutrophils, which in turn trigger the complement 
alternate pathway which further enhances the neutrophil 
responses and helps in mitigating the disease [31].

Is there an Immune-mediated Component of 
Acanthamoeba Keratitis? 

It is noteworthy that two major causes of infectious 
keratitis, Pseudomonas keratitis and herpes simplex vi-
rus (HSV) stromal keratitis, are immune-mediated dis-
eases. In the case of HSV keratitis the blinding lesions 
of the cornea are believed to be produced by the T cell 
responses to HSV antigens [32,33]. Importantly, corneal 
infections with HSV do not produce blinding keratitis in 
T cell-deficient nude mice. Although the T cell-deficient 
mice do not develop keratitis, they ultimately die from 
viral encephalitis. A body of clinical evidence hints that a 
similar condition might occur in AK. Chronic corneal in-
flammation and scleritis are common features of AK that 
often occur in the absence of detectable Acanthamoeba 
trophozoites or cysts in the inflamed lesions [34]. Scleri-
tis is an especially perplexing problem that occurs in 
approximately 10 percent of the cases of AK and often 

which are expressed by many pathogens but are not dis-
played on host cells. This enables the innate immune sys-
tem to distinguish between self and non-self. Several in 
vitro and in vivo studies have demonstrated that TLR-4 is 
upregulated during AK. Activation of the TLR-4 pathway 
stimulates the MyD88/ERK pathway leading to release of 
the proinflammatory cytokines such as IL-8, CXCL2 and 
TNF-α. An increased level of CXCL2 in animal models 
of AK also correlates with the recruitment of neutrophils. 
The presence of neutrophils complicates AK by acting as 
a double-edged sword. Neutrophils provide protection 
against the pathogen but if unbridled, they inflict signif-
icant damage to innocent bystander cells in the cornea 
[28].

Adaptive Immune Responses in AK
As mentioned earlier, Acanthamoeba spp. are ubiq-

uitously distributed in a wide range of environments. Ex-
posure to Acanthamoeba is commonplace as 90 to 100 
percent of the adult population tested with no previous 
history of Acanthamoeba infections expressed serum an-
tibodies specific for Acanthamoeba antigens. These find-
ing suggest that exposure to Acanthamoeba is common, 
yet the disease is remarkably rare. 

Animal studies have demonstrated that subcutaneous 
immunization with Acanthamoeba trophozoites and cysts 
induces a robust adaptive immune response in the form of 
delayed-type hypersensitivity (DTH) and IgG antibodies, 
yet fails to protect against ocular infection. Although mu-
cosal immunization with Acanthamoeba antigens elicits 
secretory IgA antibodies in the tears, which prevent the 
initial binding of the trophozoites to the corneal epithe-
lium, IgA antibodies cannot eliminate the amoebae once 
they have entered the corneal stroma [10]. Recent stud-
ies in a mouse model of AK have demonstrated a role 
for adaptive immune responses in the form of Th17 cells 
[29]. IL-17A plays a crucial role in the migration and ac-
tivation of neutrophils. The predominance of IL-17A lev-
els and neutrophils in the mouse model of AK reiterates 
the importance of neutrophils in mitigating AK. Even 
though IL-17A has been shown to promote inflammation 
and tissue damage in HSV and Pseudomonas keratitis, 
increased levels of IL-17A have the opposite effect and 
mitigate the severity and symptoms of AK [29].

Mucosal Immunity in AK
Mild corneal trauma produced by contact lens wear 

leads to upregulation of mannosylated glycoproteins on 
corneal surface. The pathogenic cascade of AK begins 
with the adhesion of the trophozoites on mannosylated 
corneal glycoproteins. Importantly, corneal trauma or 
abrasion is an important prerequisite for the development 
of AK in animal models. However, the mucus produced 
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One might characterize Acanthamoeba and the infections 
that it produces in much the same way. Acanthamoeba 
species are found in virtually every environmental niche 
on our planet ranging from thermal springs to beneath 
frozen ice. Acanthamoeba cysts can withstand remark-
ably high levels of ultraviolet and gamma irradiation that 
are toxic to all non-malignant mammalian cells, yet the 
cysts remain viable and pathogenic. Cysts are long-lived 
and retain their viability for over two decades under des-
iccating conditions. Acanthamoeba spp. can be isolated 
from the nasopharyngeal washes from almost a third of 
the healthy asymptomatic individuals sampled. Exposure 
to Acanthamoeba is common, with some serological sur-
veys reporting the presence of serum antibodies specific 
for Acanthamoeba antigens in > 90 percent of asymptom-
atic individuals with no history of Acanthamoeba kera-
titis. Over 30 million people in the United States wear 
contact lenses, which places them in the group with the 
highest risk for developing AK, yet less than 150 of these 
will go on to develop AK in a given year. Trophozoites 
ravage the cornea leaving dead and dying cells in their 
wake, yet the amoebae do not proceed beyond the cornea 
and of the hundreds of cases of AK reported, less than six 
have gone on to affect the retina. 

Both cysts and trophozoites are strongly immuno-
genic and can induce robust DTH and serum IgG anti-
body responses, yet these adaptive immune elements do 
not protect against corneal infections nor are they neces-
sary for the resolution of AK in animal models. Although 
granulomatous amoebic encephalitis is associated with 
immunocompromised patients, there is no evidence that 
the incidence of AK is higher in immunocompromised 
transplant recipients or AIDS patients. 

We tend to think of the adaptive immune response as 
being designed to kill microorganisms, yet studies on AK 
have demonstrated that the mucosal immune system can 
be a highly effective barrier that prevents the trophozoites 
from gaining a foothold in the cornea without directly 
killing the microorganisms. The combined use of in vitro 
and in vivo experiments with Acanthamoeba trophozoites 
have revealed insights that could not have been realized 
otherwise [6,10]. For example, in vitro assays revealed 
that trophozoites from soil isolates of Acanthamoeba 
produced extensive cytolysis of corneal cells, which on 
first blush would suggest that these environmental strains 
would be highly pathogenic in vivo. However, in vivo 
experiments revealed that soil isolates of Acanthamoeba 
failed to produce corneal infections. Further examina-
tion revealed that soil isolates of Acanthamoeba had a 
profoundly reduced capacity to bind to corneal epitheli-
al cells compared to clinical isolates from AK patients. 
Thus, relying on a single criterion (i.e, in vitro cytopatho-
genicity) to define pathogenicity is flawed and reminds us 
of the importance of verifying results in vivo or “in vivo 

requires the aggressive use of anti-inflammatory drugs 
[34-37]. Histological examination of scleral biopsies 
has revealed the presence of degenerated and necrotic 
cysts, yet viable organisms could not be cultured from 
the scleral lesions, which has led some to conclude that 
Acanthamoeba scleritis is an immune-mediated process 
that is initiated by a T cell-dependent immune response 
to Acanthamoeba antigens in the ocular lesions that per-
sists in the absence of Acanthamoeba cysts or tropho-
zoites [34]. One plausible explanation to account for the 
persistence of inflammation occurring in the absence of 
detectable Acanthamoeba trophozoites or cysts could be 
through the development of molecular mimicry in which 
Acanthamoeba antigens elicit an immune response that 
leads to the generation of T cell clones that cross-react 
with antigens expressed in the normal eye, which leads 
to the generation of additional T cell clones by a process 
called “epitope spreading”. Epitope spreading is a con-
dition in which the adaptive immune response leads to 
the emergence of T and B cell subpopulations that have 
broader antigen specificity than those induced by the ini-
tial antigen exposure [38]. A possible example of this was 
described in case reports of ischemic inflammation that 
occurred in the retinas of four patients who were diag-
nosed with persistent AK [39]. Although histopathologic 
examination revealed Acanthamoeba cysts in the corneas 
of the patients, neither cysts nor trophozoites could be de-
tected in the posterior regions of the eye. This is consistent 
with the typical clinical course of ocular Acanthamoeba 
infections in which trophozoites do not penetrate or in-
vade the poster regions of the infected eye. Over the past 
30 years there have been only 8 cases of extra corneal 
invasion of Acanthamoeba [21-23,40,41]. In the afore-
mentioned report of severe ischemic inflammation that 
occurred in the retinas of four patients, histopathological 
analysis revealed that the retinal lesions were character-
ized by a perivascular lymphocytic infiltration, thrombo-
sis of the retinal arteries, and ischemia. Although perivas-
cular cuffing, thrombosis, and ischemia are generalized 
inflammatory findings in a number of maladies, they are 
a consistent feature of classic DTH lesions. Moreover, the 
possible existence of antigenic mimicry between Acan-
thamoeba and elements of the central nervous system 
(which includes the retina) is supported by a recent report 
indicating that mice infected with A. castellanii develop a 
central nervous system autoimmune disease through the 
generation of cross-reactive T cells that recognize myelin 
antigens [42]. Thus, what begins as an infection at the 
ocular surface can end in an immune-mediated disease of 
the retina and possibly the brain [39,42].

Conundrums and Unresolved Issues
In 1939, Winston Churchill referred to Russia as 

“… a riddle, wrapped in a mystery, inside an enigma”. 
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veritas” (roughly translated from Latin, “in a living thing 
there is truth”). The reader is referred to several excellent 
review papers that discuss the importance of in vivo cor-
roboration of in vitro findings [43-47].

FUTURE DIRECTIONS FOR AK RESEARCH

Despite a better understanding of the pathogenesis of 
Acanthamoeba keratitis, much remains to be learned for 
improving current forms of therapy, especially for Acan-
thamoeba scleritis. One of the most challenging features 
of AK is the emergence of infectious trophozoites from 
dormant cysts. Cysts can remain dormant for several 
years and trauma to the cornea or the therapeutic use of 
topical corticosteroids for unrelated ocular inflammation 
can trigger their excystment and increase the chances for 
arousing dormant cysts to active infectious trophozoites. 
It is still unclear as to the minimal number of cysts need-
ed to develop a recurrent infection or how to rid the eye 
of dormant cysts. The development of novel contact lens 
care solutions and better diagnosis, may lead to decreased 
incidence of AK. However, the small percentage of peo-
ple who are susceptible to this disease will benefit from 
a better treatment regimen that will prevent the need for 
corneal transplants to restore vision. Therapies or vac-
cines targeting the disease and blocking the pathogenic 
cascade of Acanthamoeba might be important adjuncts to 
antimicrobial therapy. Future studies to improve our un-
derstanding of the pathogenesis and immunology of AK 
may provide better insights as to why healthy immuno-
competent individuals develop this disease, why it never 
progresses beyond cornea, and why the adaptive immune 
response fails to protect against future bouts of AK.
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