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Global Variations and Changes
in Patterns of Infectious Uveitis

Francois Willermain, Yves Van Laethem,

and Laure Caspers

1.1 Introduction

Before 1940, most uveitis cases were supposed to
be due to infectious agents, mainly syphilis or
tuberculosis [1]. Progress in the understanding of
intraocular inflammation led to the discovery that
uveitis can be of infectious and noninfectious ori-
gin and that many pathogens can cause infectious
uveitis. Theoretically, Koch postulates must be
fulfilled, in order to formerly demonstrate that a
disease is due to an infectious agent. However, in
infectious uveitis, most often, serological evi-
dence, molecular or histological demonstration,
and treatment response are usually the only avail-
able elements to suggest the infectious origin of
the uveitis. Using these evidence a large number
of infectious organisms have been demonstrated
to cause infectious uveitis. Some have a global
importance around the world, while others have
more limited niches. Many of them have been
considered as emerging pathogens.
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According to Woolhouse, an emerging patho-
gen can be defined as an infectious agent whose
incidence is increasing following its introduction
into a new host population. A pathogen will be
reemerging when its incidence increases in an
existing host population [2]. However, in prac-
tice, both expressions are likely used by many
authors regardless of those biological and epide-
miological criteria. The term emerging disease
will thus also be used in situation of increase
awareness or discovery of pathogen in previously
supposed non-infectious diseases [2]. As far as
we know, most emerging infectious uveitis agents
fall into the two last categories.

1.2  Emerging Disease

1.2.1 Origin of Human Infectious
Disease

By definition, the question of emerging infectious
disease addresses how a microbe becomes a patho-
gen in the human species. Emerging infectious dis-
ease thus resumes the origin of human infectious
disease. Most of the emerging infections discovered
during the last decades are zoonosis. Major modifi-
cations in human behavior have facilitated their
jump from animals to humans. The global popula-
tion has increased from 600 million humans around
1700 to 1.5 to 1.8 billion in 1900, 6 billion in 1998,
and more than 7 billion in 2015. More than 50 % of
those people reside in urban areas (from 40 % in
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Africa to 80 % in the Americas), in contrast with
only 30 % in 1950. Environmental modifications
were mandatory to build those cities, with deforesta-
tion or other forms of land use than in the past.
Therefore, and also linked to widespread interna-
tional trade of goods and animals, microbes have
received a new and rapid access to an ever larger
human population. In addition, the population is
globally more mobile also; international travel rose
above one billion people in 2012, further increasing
pathogen dissemination around the globe.

In the past decades, most new pathogens were
acute respiratory viruses. For instance, human
metapneumovirus (first reported in 2001 in the
Netherlands but demonstrated thereafter in speci-
mens stored since the 1950s at least) is a para-
myxovirus leading to very frequent and sometimes
very severe respiratory tract infections in small
children [3]. A new betacoronavirus is the agent of
SARS (severe acute respiratory syndrome), discov-
ered in 2003 after a physician infected a dozen
patients in Hong Kong, with subsequent more than
8,000 cases in 29 countries and 774 deaths [4].
Another new coronavirus (MERS-CoV, Middle
East respiratory syndrome coronavirus) has been
demonstrated as the causative agent of a deadly
respiratory tract infection in the Middle East since
2012, with more than 1,000 cases and 400 deaths
[5]. But of all these emerging pathogens, the flu
viruses, are the most widespread and deadly.
Influenza A is a zoonose, with viruses mutating
and mixing in swine and birds. If the Spanish flu
(new HINT1 influenza A virus) killed more than 50
million people in 1917-1918, several pandemics
(H2N2 in 1957, H3N2 in 1968, and new HINI in
2009) appeared in the more recent decades, with a
lower but consequent mortality. In more restricted
areas, non-pandemic strains of influenza A as
HS5NI1 (Asia and Egypt) or H7N9 (China) are still
potential deadly sword of Damocles [6].

1.2.2 The Birth of a Human
Infectious Disease: Example
of the AIDS Story

One of the most severe emerging infections of the
last centuries is obviously AIDS (acquired immu-

nodeficiency syndrome) linked to the HIV1 (and
rarely HIV2) [7]. If it was first recognized in
1981 in the United States, its emergence in the
human world is older and faraway from our
Western World. Indeed, the oldest known case (a
posteriori) is a man in the present Democratic
Republic of Congo, in 1959. Analysis of the virus
in his frozen serum as well as others suggests that
HIV1 and HIV2 were separately acquired from
monkeys in the 1930s, in the western part of
Central Africa. In more than 40 SIV (simian
immunodeficiency viruses) presently known,
only HIV1 and HIV2 were able to infect humans
and to establish persistent human to human trans-
mission. Here again, urbanization and increasing
local/regional trade, with all the sociologic modi-
fications that it implicated, have largely contrib-
uted to the dissemination of the disease in
sub-Saharan Africa. In a second time, interna-
tional travel, sexual behaviors, and IV drug abuse
have been keystone factors in the worldwide
propagation of AIDS [8].

1.3  Re-emerging Disease

If emerging disease brings us to the origin of
infectious disease, re-emerging disease deals
with the evolution of infectious disease and the
impact of the human society on it. Most of those
reemerging infections are also zoonoses, often
linked to a vector. Climatic changes (global
warming) have allowed ticks to reach higher lati-
tudes as well as altitudes, with transmission of
Lyme disease or tick-borne encephalitis more in
the north of Scandinavia or at higher altitude in
Central Europe [9-11]. Similarly, mosquitos as
Aedes albopictus are now found in the south of
Europe (as France and Italy), with several local
transmissions during the summer of dengue or
chikungunya from imported cases. Chikungunya
virus was discovered 60 years ago in Tanzania
and since that time has spread to several parts of
Africa and in all Indian Ocean/Western Pacific
countries [12, 13]. Due to the introduction by an
international traveler of an Asian strain in the
Caribbean in 2014, Chikungunya is now an
important public health problem not only in those
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islands but already also in Central and South
America [14]. West Nile virus infection was
unknown in the Americas until 1999. Due to
migration from the Old World of birds wearing
infected ticks, the infection was introduced in the
northeast of the United States, and in a few years,
it spread to all the States [15].

1.4 Variation in Patterns
of Infectious Uveitis
1.4.1 Introduction

Few studies, and mainly from the occidental world,
address the incidence and prevalence of uveitis
[16]. It is therefore difficult to raise conclusions on
global variations or evolution of this epidemiologi-
cal aspect of intraocular inflammation. This con-
trasts with the important literature describing the
causes of uveitis in different center and location in
world which clearly shows important variations of
the distribution of different etiologies around the
globe. Those differences are mainly due to genetic
and environmental factors and often grouped
between the so-called developed and developing
worlds. Accordingly, the distribution of both spe-
cific infectious and noninfectious causes varies
greatly around the world.

In the context of infectious uveitis, some uve-
itis type is logically limited to endemic regions.
Onchocerciasis, for example, has a limited distri-
bution in Africa, South America, and Yemen [17].
Lyme disease is almost exclusively found in the
Northern Hemisphere. Leptospirosis occurs most
frequently in tropical and subtropical area.
Brucellosis remains prevalent in the developing
world, mostly in the Mediterranean Basin, the
Arabic Gulf countries, India, and Central
America. HTLV-1 infection is endemic in the
Caribbean, Central and South America, South
and Intertropical Africa, and Japan. Similarly
other infectious agents such as dengue, West Nile
virus, Rift Valley fever, or chikungunya virus, as
well as rickettsia only infect patients in limited
endemic regions. There are thus only reported as
causes of uveitis in studies from those regions. In
the series of Rathinam SR and Namperumalsamy

from India, leptospirosis was the most frequent
cause of infectious uveitis but remains very rare
in the United States and Europe [18, 19].
However, due to evolution in our societies, such
as globalization, those causes of infectious uve-
itis begin to emerge in non-endemic regions in
patients having traveled in endemic regions (see
Sect. 1.4.2.3) [20].

In contrast some organisms have spread world-
wide, some with a relative stable incidence and
others with period of increase and/or decrease
incidence. For example, across the world, toxo-
plasmosis and herpesvirus remain major causes of
posterior and anterior uveitis, respectively [21-
26]. Tuberculosis and syphilis are discussed in the
next paragraph as classic examples of worldwide
cause of uveitis with period of burden and
decrease. An important example of decreased
incidence of a ubiquitous infectious uveitis is
CMYV retinitis which made a steep decline in inci-
dence following the introduction of HAART [27].

1.4.2 Emerging Infectious Uveitis

1.4.2.1 Emerging Infectious Uveitis
Secondary to Pathogen
Incidence Increase

In Europe, it is believed that syphilis has emerged
around 1495. Interestingly, it has been reported
that in its early years, the disease was much more
severe that nowadays, suggesting the selection of a
milder strain of Treponema pallidum occurred.
Since that time, syphilis has continued to spread
around the world and became one of the major
health problems, illustrated by the fact that, in the
nineteenth century, an entire medical subspecialty,
syphilology, was devoted to its study [28, 29]. The
discovery of penicillin has been associated with a
significant decrease of syphilis rate to the point
that some authors have postulated that the disease
might disappear. Unfortunately, this was not the
case and the incidence of syphilis has been the
subject of important variation with frequent out-
break [29, 30]. For example, in the United
Kingdom, there has been a 1032 % increase in the
incidence of syphilis between 1999 and 2008. This
exponential increase has been attributed to unsafe
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sexual practices mainly among men who have sex
with men (MSMs) [31]. The same trend was found
in other countries. As a consequence, many reports
have warned the uveitis community of what was
called by Narsing Rao and colleague “the reemer-
gence of an old adversary” [32, 33]. Meanwhile, a
tremendous number of studies have been pub-
lished improving our knowledge on the epidemiol-
ogy and clinical presentation of ocular syphilis.
Acute syphilitic posterior placoid chorioretinitis
was in this context rediscovered with an exponen-
tial rate of publication from 1990, the year of its
publication by Gass, to 2014 [34].

Tuberculosis is another old infectious disease
which had a major impact on global human health.
Overall, the worldwide burden of tuberculosis is
still growing, as control of the disease in many
regions of the world is offset by the increase inci-
dence in another part, mainly sub-Saharan [35].
Tuberculosis remains one of the most important
infectious causes of morbidity and mortality
worldwide. In contrast with syphilitic uveitis,
where the diagnosis can be easily made based on
serological evidences, there is a great confusion
regarding the diagnosis and treatment of ocular
tuberculosis. Progress in systemic and ophthal-
mological investigation together with a more
accurate description of clinical signs has permit-
ted to better define guidelines for the diagnosis
and treatment of intraocular tuberculosis [36, 37].
Nowadays, tuberculosis is a leading cause of uve-
itis in endemic countries, but tuberculosis uveitis
can also be found in non-endemic countries with
a probable recent increased frequency [24, 38—
40]. This recent increment of tuberculosis uveitis
in non-endemic countries is mainly attributed to
the development of immigration and postulated
by Llorenc and coworkers to be one of the chal-
lenges of globalization [39, 40]. There is thus an
increased awareness of ocular tuberculosis among
uveitis specialists all around the globe.

1.4.2.2 Emerging Infectious Uveitis
Secondary to Pathogen
Identification

One of the major recent breakthroughs in the

uveitis field was the discovery that two entities,

namely, Posner-Schlossman syndrome (PSS) and

Fuchs heterochromic iridocyclitis (FHI), previ-

ously considered as idiopathic, were actually due
to virus infection. Fuchs heterochromic iridocy-
clitis is characterized by a series of clinical signs
(FHI making its classical presentation almost
pathognomonic. The origin of FHI remains elu-
sive until 2004 when Quentin CD and Reiber H
elegantly demonstrated an elevated intraocular
rubella antibody production in FHI, suggesting
that FHI is a rubella-driven disease [41]. Four
years later, de Visser et al. confirmed that rubella-
positive patients presented a clinical syndrome
similar to FHI [42]. As both a proof of concept
and an illustration of the impact of human society
on uveitis infectious epidemiology, Birnbaum
et al. have demonstrated that FHI is less common
in patients born since the introduction of the US
rubella vaccination program [43]. At the same
time, a study from the Singapore National Eye
Centre, using PCR, found that CMV can also be
detected in eyes with FHI [44]. More recently,
Babu et al. have found in addition the presence of
HSV and chikungunya virus in FHI eyes [45].

A possible role played by CMV infection in
the development of PSS was suggested by early
work of Bloch-Michel in the eighties [46]. Since
that time, several works have confirmed this
hypothesis [44, 47, 48]. In addition to PSS, it was
found in those studies that CM V-positive anterior
uveitis can also present the clinical characteris-
tics of FHI or chronic granulomatous uveitis.
Altogether, those data indicate that several previ-
ously thought idiopathic uveitis (PSS, FHI, and
some chronic granulomatous anterior uveitis)
have indeed a viral origin. This evidence has not
only important implications for the epidemiology
but, of course, also for the management of
uveitis.

1.4.2.3 Emerging Infectious Uveitis
Secondary to Increase
Awareness and Better Disease
Description
We have seen earlier that the success of humanity
in terms of demographic expansion has create
favorable conditions to increase the speed for the
emergence and spreading of infectious diseases.
In other terms, diseases might quickly jump
between very distant part of the world and con-
front clinicians with diseases unusual in their
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region. Fortunately, the dissemination of informa-
tion has also been progressively accelerated
allowing a quick exchange of information between
specialist from endemic regions and recently
affected countries. In this context, a series of
infectious uveitis, mainly rickettsioses, West Nile
virus, dengue, or chikungunya, has been the sub-
ject of an increase awareness and careful descrip-
tions from both endemic and non-endemic regions
[20, 49, 50].

The recent outbreaks of Ebola and Zika virus
have been similarly associated with uveitis
cases and those pathogens should be now
included in the list of emerging infectious uveitis
agents [51, 52].

Conclusions

The epidemiology of infectious uveitis is a
dynamic process and the consequence of the
complex relationship between microbes and
human. On one hand, some pathogens such as
toxoplasmosis or herpesvirus remain major
causes of uveitis, while others, such as tuber-
culosis, seem to progress despite our efforts to
eradicate them. On the other hand, infectious
uveitis previously limited to particular geo-
graphical niches can now be found almost all
around the globe. This is clearly due to evolu-
tion of our lifestyle which has also important
impact on the emergence of new infectious
diseases which might become someday new
uveitis causes. The decrease of CMV retinitis
among AIDS patients following HAART
highlights that, in addition to this negative
aspect, our civilization also has a positive
impact on infectious uveitis epidemiology and
is able to reduce the incidence of some devas-
tating infectious uveitis causes. Indeed, we
should not forget that the development of our
human society has also created better ways to
diagnose, control, and eventually eradicate
infectious diseases.

Core Messages

The cause of infectious uveitis varies
greatly around the world. Some wide-
spread microbes continue to threaten

vision in almost every part of the globe.
Some infectious uveitis previously limited
to particular geographical niches can now
be found almost all around the globe. This
evolution is the consequence of changing
in our lifestyle which has also important
impact on the emergence of new infectious
diseases as well as their diagnosis and
management.
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The Role of Infectious Agents
in the Pathogenesis
of Autoimmune Diseases

Merih Oray and llknur Tugal-Tutkun

2.1 Introduction

Uveitis is classified as noninfectious when there is
no known active systemic or intraocular infection,
and the pathogenesis is presumed to be immune
mediated [1-4]. Both autoimmune and autoin-
flammatory mechanisms are involved in the
development of noninfectious uveitis [1-3, 5].

However, infectious triggers are increasingly
recognized in the etiopathogenesis of immune-
mediated inflammatory disorders in general and
immune-mediated uveitis in particular [1, 2,
6-8].

A constant interplay between the innate and
adaptive immune systems is required for maxi-
mum protection of the organism against invading
pathogens while maintaining immunological tol-
erance to self as well as to the commensal micro-
biota that mostly have a symbiotic relationship
with the host. Innate and adaptive arms of the
immune system are thought to play a predomi-
nant role in the autoinflammatory and autoim-
mune mechanisms, respectively [6, 9, 10].

The innate immune system provides a fast and
robust first-line defense against a wide range of
pathogens that constitutively express pathogen-
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associated molecular patterns (PAMPs), includ-
ing lipopolysaccharide (LPS), peptidoglycan,
bacterial DNA/heat shock proteins (HSP), and
viral DNA/RNA [1, 6]. Effector cells of the
innate immune system include dendritic cells,
monocytes/macrophages, natural killer (NK)
cells, and neutrophils. Germline-encoded pattern
recognition receptors (PRR) of the innate immune
cells are capable of immediately recognizing
PAMPs as well as danger-associated molecular
patterns (DAMPs) expressed by damaged cells.
Pattern recognition receptors such as Toll-like
receptors (TLRs) and C-type lectins (CTLs)
expressed on the plasma membranes or NOD-
like receptors and Rigl-helicases in the cyto-
plasm, once activated by their ligands, lead to the
activation of intracellular signal transduction
pathways and induction of proinflammatory
cytokines such as IL-1, IL-6, IL-12, IL-18, tumor
necrosis factor (TNF), and interferons (IFN)
which in turn regulate the adaptive immune
response [1, 6, 11]. While the innate immune
response has been traditionally defined as a non-
specific rapid response without memory, recent
studies have shown that recognition of various
PAMPs by different PRRs enables identification
of pathogens [11], and especially NK cells can
deliver specific memory responses [12]. A long-
term enhanced state of innate immunity through
epigenetic reprogramming has been recently
identified as a significant property of innate host
defense mechanisms [12]. Hereditary
autoinflammatory disorders are associated with
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mutations of genes coding for proteins involved
in the regulation of innate immunity [9, 10, 13].
These rare disorders are characterized by seem-
ingly unprovoked episodes of inflammation and
absence of autoreactive T cell or B cell responses
[9, 10, 13]. There are also an increasing number
of complex inflammatory disorders where auto-
inflammatory mechanisms are mainly involved in
the pathogenesis, but adaptive immunity also
plays a significant role in the chronicity of inflam-
mation and target organ damage [1, 9, 14, 15].
The adaptive immune system cells, T and B
lymphocytes, can specifically recognize patho-
gens and build memory for protection against
reinfection. Specific recognition of pathogenic
microorganisms by T cell receptors (TCR) and B
cell receptors (BCR) is mediated by a variable-
diversity-joining (V-D-J) gene recombination
process [1, 6]. This process enables generation of
a vast repertoire of TCR and BCR that can recog-
nize an unlimited number of foreign antigens but
also carries the risk of self-antigen recognition.
Self-damage is normally prevented by central
and peripheral tolerance mechanisms. Loss of
tolerance to self-antigens and development of
autoantibodies and autoreactive antigen-specific
T cells lead to autoimmune disorders [6].
Environmental factors, most importantly, bac-
teria, viruses, other pathogens, as well as vac-
cines, are thought to play a central role in the
induction and perpetuation of autoinflammatory
and autoimmune disorders in genetically suscep-
tible individuals [6, 7, 16, 17]. Several putative
mechanisms have been postulated to explain trig-
gering of autoimmune disorders by infectious
agents [7, 16]. Antigen-specific mechanisms
include molecular mimicry and cross-reactivity
between foreign and self-antigens; activation of
autoreactive T cells by superantigens produced
by bacteria, mycoplasmae, or virus-infected
cells; and expression of modified self-epitopes
secondary to infection-mediated inflammation.
Bystander activation and epitope spreading may
also lead to a nonspecific immune response
toward different self-antigens [7, 16]. It is diffi-
cult to incriminate a given infectious agent in an
immune-mediated disease because the triggering
infection may have taken place years before the

clinical expression of the disease, latent infection
or seroprevalence may be high in the healthy
population, and laboratory identification of trig-
gering infection may be limited. Furthermore,
several different pathogens can trigger a single
autoimmune disease, and a given pathogen can
trigger various immune-mediated diseases.
Complex interactions between immunogenetic
factors and various infectious agents have not
been completely understood yet.

Based on experimental models of autoim-
mune uveitis (EAU), the inciting event in human
uveitis is most likely the activation of innate
immunity outside the eye [2—4]. The activation of
effector T cell subsets depends on the conditions
under which exposure to a retinal or cross-
reactive antigen occurs. In the classic EAU,
immunization with interphotoreceptor retinoid-
binding protein (IRBP) emulsified in complete
Freund’s adjuvant (CFA), which contains heat-
killed tuberculosis bacteria, derives differentia-
tion of effector T cells toward Th17 phenotype,
and a monocytic inflammatory response develops
in the eye [2-4, 18]. In the more recent EAU
model, injection of IRBP pulsed in dendritic cells
matured in vitro with bacterial LPS derives a Th1
effector phenotype response, and the nature of
inflammatory infiltrate in the eye is granulocytic,
producing a fundus picture different from that
seen in classic EAU [2, 3, 18]. Thus, quality and
quantity of innate receptor stimulation by exoge-
nous stimuli (infectious agents) seem to deter-
mine the immunological response profile as well
as pathological and clinical features of intraocu-
lar inflammation. These findings in EAU may
help explain the role of inciting stimuli on the
heterogeneity of human uveitis.

2.2 Behget Disease

Behcet disease (BD) is a multisystem inflammatory
disorder characterized by oral and genital ulcer-
ations, skin lesions, and uveitis, as well as involve-
ment of joints, blood vessels, central nervous
system, and gastrointestinal system [19]. Patients
with BD have seemingly unprovoked recurrent
inflammatory episodes in all organ systems involved
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[20]. Ocular involvement is characterized by a
recurrent nongranulomatous panuveitis and occlu-
sive retinal vasculitis and tends to be more severe
and sight-threatening than most of the other forms
of noninfectious uveitis [21, 22].

Pathogenetic mechanisms underlying BD
include complex interactions between genetic
factors, environmental factors, and immunologi-
cal aberrations [20, 23-25]. Genome-wide asso-
ciation studies (GWAS) have confirmed that the
known association with HLA-BS51 is the stron-
gest genetic factor for the development of
BD. Recent GWAS have also identified novel
susceptibility genes within the HLA class [ region
and variants in IL-10, IL23R-IL12RB2, STAT4,
CCR1, and ERAP-1 [26-30]. BD-associated
noncoding CCR1 allele is implicated in impaired
microbial clearance [26, 31]. Epistasis was found
between HLA-B51 and ERAP-1 variants which
is an enzyme that trims peptides for proper load-
ing onto the HLA class I molecule [26].
Additional associations with rare variants were
discovered, including TLR4, MEFV, and NOD2
genes, which are associated with an increased
responsiveness to bacterial products [30, 31].
These findings implicate defects in sensing and
processing of pathogen and danger signals as
well as in genes encoding pivotal proteins
involved in Thl and Thl17 regulation [30]. A
more recent genetic imputation study implicated
the role of peptide-MHC-I binding and involve-
ment of NK and cytotoxic T cell activation by
MHC in the pathogenesis of BD [32].

Environmental factors, mainly infectious
agents, have long been considered in the patho-
genesis of BD. Infections are suspected in the
initial triggering of the disease as well as in
relapses of its manifestations [33]. However,
there is no single microorganism that can be
blamed as the specific etiologic agent. Oral
microbial flora, especially Streptococcus species,
colonizing in the oral cavity, may be the trigger
of oral ulcers, the most common initial manifes-
tation of the disease [23-25, 33, 34]. Streptococcus
sanguis, S. salivarius, S. mitis, and S. mutans are
associated with frequent oral infections [23].
Clinical observations of poor oral hygiene, dental
caries, periodontitis in BD patients, and initiation

or relapses of the disease following dental proce-
dures or tonsillitis suggest the role of oral micro-
biota and Streptococcus [23, 24]. Behget patients
have high serum antibody titers and increased T
cell reactivity and skin hypersensitivity to
Streptococcus antigens. Furthermore, a favorable
disease course is observed following improve-
ment of oral hygiene and long-term control of
dental and periodontal problems as well as fol-
lowing prophylactic penicillin treatment [23, 33].
Other bacteria that have been implicated as
potential triggers include mycobacteria, Borrelia
burgdorferi, Escherichia coli, Staphylococcus
aureus, Mycoplasma  fermentans, and
Helicobacter pylori [25].

A triggering role of viruses has also been pos-
tulated, and especially the role of herpes simplex
virus (HSV) has been the main focus of research
[35]. An HSV-induced BD mouse model has
been developed, based on the induction of several
inflammatory lesions resembling manifestations
of BD after inoculation of scratched earlobes
with HSV 1 [35]. Other viruses that have been
implied in the pathogenesis of BD include herpes
virus 6 and 7, varicella-zoster virus (VZV), cyto-
megalovirus (CMV), parvovirus, Epstein-Barr
virus (EBV), and hepatitis A, B, and C virus
(HCV) [23, 25, 35]. Tripartite motif-containing
(TRIM) proteins have key roles in antiviral
immunity either by restriction of viral replication
cycle or by regulating pathways mediated by pat-
tern recognition of viral RNA/DNA and the
inflammasome [36]. TRIM proteins induce pro-
duction of type I interferons and proinflamma-
tory cytokines such as IL-1p and thus may be
involved in the pathogenesis of autoimmune and
autoinflammatory responses [36]. TRIM proteins
that have been specifically implicated in the
pathogenesis of BD include TRIM39 and
TRIM19 which functions in innate defense
mechanisms against HSV [35].

It is thought that an aberrant immune response
may be generated to different microorganisms
recognized by pattern receptors in genetically
susceptible individuals. Heat shock proteins are
highly conserved molecules inducible by any
form of cellular stress and act as intracellular
scavenger and adjuvant [37]. Human HSP60,



12

M. Oray and I. Tugal-Tutkun

included in the DAMPs, has a high sequence
homology with the mycobacterial HSP65 and
also cross-reacts with streptococcal HSPs [23,
33]. Innate immune cells as well as y3T cells are
stimulated by HSPs, through TLR2 and TLR4
expression. Differential TLR stimulation by
microbial agents and their products and subse-
quent cytokine production by innate immune
cells may lead to the skewed T cell responses
observed in BD [34, 37, 38]. Alternatively, cross-
reactivity of human HSPs with bacterial or viral
HSP may derive the selection of autoreactive T
cells resulting in perpetuation and chronicity of
inflammation [37]. In summary, an impaired
microbial clearance and exuberant innate and
adaptive immune responses to microbial prod-
ucts may have a major contribution to the patho-
genesis of BD.

2.3  Sarcoidosis

Sarcoidosis is a multisystem chronic inflamma-
tory disorder characterized by formation of non-
caseating granulomas. Although the lungs and
thoracic lymph nodes are most commonly
affected, other lymph nodes, skin, salivary
glands, liver, spleen, kidneys, heart, joints, ner-
vous system, orbit, and eyes may also be involved
[39]. Patients may also present with bilateral
granulomatous intraocular inflammation in the
absence of extraocular manifestations [40].
Characteristic features of ocular sarcoidosis
include mutton-fat granulomatous keratic pre-
cipitates, iris and trabecular meshwork nodules,
snowball vitreous opacities, chorioretinal lesions,
nodular and/or segmental periphlebitis, retinal
arterial macroaneurysms, and optic disc or cho-
roidal nodules [40].

The etiology of sarcoidosis is not known.
Genetic susceptibility, noninfectious environ-
mental agents, and infectious triggers have been
considered in the pathogenesis. In genetically
susceptible individuals, a dysregulated immune
response to one or more antigens may lead to a
granulomatous inflammation characterized by
infiltration of monocytes, macrophages, and acti-
vated T lymphocytes [41]. Genetic studies have

shown class | HLA-B7 and HLA-B8 associations
as well as associations with class II HLA-DRB1
and HLA-DQBI1 that have been confirmed by
recent GWAS. Immunologically relevant non-
HLA genes have also been identified, including
CARDI15 (NOD2), butyrophilin-like protein 2
(BTNL2), and annexin A11 (ANXAT11) [39, 41,
42]. CARDI15 (NOD?2) is an intracellular PRR,
and polymorphisms of this gene are associated
especially with early-onset sarcoidosis or Blau
syndrome. BTNL2 is a member of the immuno-
globulin superfamily and functions as a negative
costimulatory molecule downregulating T cell
activation. BTNL2 G16071A polymorphism
found in sarcoidosis patients leads to loss of
function of BTNL2 and thus could result in
amplified T cell activation [41, 42]. ANXAT11 is
presumed to be a regulator of cell division and
apoptosis; and interactions between ANXAI1
and class I HLA genotypes have been identified
in sarcoidosis [43].

Several noninfective environmental and occu-
pational risk factors have been implicated, such
as exposure to rural irritants, insecticides, inor-
ganic particles, nanoparticles, metals, moldy
environments, and fire [41, 44, 45]. However, no
single cause of sarcoidosis was identified in
ACCESS (a case-control etiologic study of sar-
coidosis), although positive associations were
found with agricultural employment, insecticides
at work, moldy environments with possible expo-
sures to microbial bioaerosols, and occupational
exposure to insecticides [46]. Inappropriate pro-
cessing of ubiquitous foreign agents may be the
cause of chronic granulomatous inflammation in
sarcoidosis patients.

Among infectious triggers, Mycobacterium
tuberculosis has been suggested as the major
causative agent [42, 44, 47]. Sarcoid specimens
do not classically contain live M. tuberculosis
organisms. Cell wall-deficient mycobacterial
remnants have been shown in some specimens,
and PCR studies have shown presence of myco-
bacterium DNA in sarcoidosis tissues [44, 47]. In
a meta-analysis of studies reporting PCR identifi-
cation of mycobacteria in sarcoid samples, the
overall rate of positivity was 26 % and suggested
a 9- to 19-fold increased odds compared to
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non-sarcoidosis controls [48]. The presence of
Mycobacterium tuberculosis catalase—peroxidase
(mKatG) and katG DNA in sarcoidosis tissues
and almost half of sarcoidosis patients having
serum antibodies to mKatG are further evidence
to a mycobacterial etiology in at least a subset of
sarcoidosis patients [44, 49]. mKatG is a viru-
lence factor that allows prolonged survival of
mycobacteria inside macrophages, and dysfunc-
tional mKatG is associated with isoniazid resis-
tance [49]. It has been hypothesized that mKatG
may only be a component of mycobacterial anti-
gens that form a nidus in sarcoid granulomas
[49]. The potential of nontuberculous mycobac-
teria to cause sarcoidosis has been suggested as
well [42, 47]. Propionibacterium acnes, Borrelia
burgdorferi, herpes viruses, and EBV have also
been implicated as potential causes of sarcoid-
osis, mostly based on an increased seropreva-
lence of these agents in the patient populations
[44]. However, nonspecific polyclonal hyper-
gammaglobulinemia is a feature of sarcoidosis
and may account for increased antibody titers.
Notably, Yasuhara et al. [50] have identified P.
acnes and P. granulosum DNA by PCR analysis
of vitreous specimens in six patients with sarcoid
uveitis.

In summary, it is currently thought that multi-
ple different antigens may be capable of inducing
an aberrant immune response leading to manifes-
tations of sarcoidosis in genetically susceptible
individuals.

24 Vogt-Koyanagi-Harada

Disease

Vogt-Koyanagi-Harada (VKH) disease is a sys-
temic autoimmune disorder that affects tissues
containing melanin such as the eye, inner ear,
meninges, and skin. The disease is characterized
by chronic bilateral panuveitis associated with
exudative retinal detachment along with a vary-
ing constellation of auditory, neurological, and
cutaneous manifestations [51, 52].

While the exact etiology of VKH disease is
unknown, it is thought to be a T cell-mediated
immune process that is directed at the melano-

cytes [53-55]. Vogt-Koyanagi-Harada disease
has a prodromal phase characterized by vague
systemic symptoms suggestive of viral infection;
therefore, infectious agents are thought to be the
inciting factors for this autoimmune disease.
Molecular mimicry and cross-reaction are the
mechanisms used to explain the association of
autoimmunity and viral infection [53]. The pres-
ence of EBV genome in cerebrospinal fluid and
vitreous of patients with VKH has been shown
[56]. A cross-reactive T cell response between
tyrosinase peptides, which are postulated as tar-
get antigens on melanocytes and CMV antigen in
patients with VKH disease, has also been
described [57, 58]. It is assumed that there may
be a molecular mimicry between some viruses
and melanocytes; however, a clear association
between a specific viral agent and the disease has
not been established yet.

HLA-B27-Associated
Anterior Uveitis

2.5

HLA-B27-associated anterior uveitis is a distinct
clinical entity which has frequent associations
with a group of systemic diseases called seroneg-
ative spondyloarthropathies (SSpAs).
Seronegative spondyloarthropathies are a group
of chronic inflammatory disorders characterized
by an absence of serum rheumatoid factor and a
strong association with the HLA-B27 antigen.
Ankylosing spondylitis, reactive arthritis, psori-
atic arthritis, arthritis and inflammatory bowel
disease, and juvenile-onset spondyloarthropathy
as a form of juvenile chronic arthritis are included
in the spectrum of SSpAs. Uveitis is the most
common extra-articular manifestation of sero-
negative arthritis [59].

HLA-B27-associated anterior uveitis is char-
acterized by unilateral, alternating, recurrent,
nongranulomatous acute anterior uveitis with
significant protein and cellular extravasation into
the aqueous humor that may be associated with
fibrin and hypopyon formation [60—-64].

In this group of uveitis patients, HLA-B27
positivity allows naming the entity; however, the
precise molecular and pathogenic mechanisms
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linking HLA-B27 and uveitis are not completely
understood. The expression of HLA antigens was
found to be upregulated in the iris of patients
with anterior uveitis, and this induction of HLA-
antigen expression on iris cells may play a role in
the pathogenesis of HLA-B27-associated ante-
rior uveitis [65].

The underlying pathogenic mechanism is
believed to be an interaction between genetic and
environmental factors. Triggering role of bacte-
rial infections in the pathogenesis of anterior uve-
itis and other HLA-B27-associated disease is
suggested. In the well-characterized transgenic
B27 model of SSpAs, the presence of normal
microbial gut flora is required to induce disease.
The finding that animals raised in germ-free con-
ditions do not develop disease in this model also
confirms the role of infections [66]. Endotoxin-
induced uveitis in animal models is based on the
induction of uveitis by bacterial products [67].
There is also evidence that links gastrointestinal
tract infective and inflammatory abnormalities to
extraintestinal manifestations of SSpAs such as
uveitis and arthritis in humans [66].

Chang et al. [68] demonstrated the presence of
toll-like receptor 4 and its associated lipopoly-
saccharide receptor complex in the human uvea.
This study gives molecular insights into the
potential mechanisms in which Gram-negative
bacterial triggers may be involved in the develop-
ment of anterior uveitis. Bacteria that have been
implicated as potential triggers include
Chlamydia trachomatis [69], Helicobacter pylori
[70], and the Gram-negative enterobacteria
including Klebsiella [71-74], Salmonella [75-
77), Yersinia [718-82], and Campylobacter jejuni
[60, 78, 83]. However, there are also some studies
which have failed to show an association between
these microorganisms and the etiology of ante-
rior uveitis [84-87].

The fact that several infective etiologies
appear to play arole in the pathogenesis of SSpAs
has led to several hypotheses regarding etio-
pathogenesis. According to molecular mimicry
hypothesis, there is an antigenic similarity
between HLA-B27 and certain bacterial microor-
ganisms, which may result in development of
pathogen- or autoreactive T cells and conse-

quently formation of an autoimmune chronic dis-
ease [88, 89]. Another postulated hypothesis
suggests that HLA-B27 molecule may function
as a receptor. Exogenous peptide derived from
bacteria or endogenous protein produced as a
result of an infection might be presented to cyto-
toxic T cells by the HLA-B27 molecule, activat-
ing the immune response [90].

In summary, HLA-B27-associated anterior
uveitis is a common form of inflammatory eye
disease, and recent advances in clinical and
experimental research have shown the triggering
role of bacteria in the etiopathogenesis of this
disease. However, still many questions remain
unanswered, and the cause of HLA-B27-
associated anterior uveitis remains unclear.

2.6 Fuchs Uveitis Syndrome

Fuchs uveitis syndrome (FUS) is a low-grade,
chronic, intraocular inflammatory disease of
unknown origin. The disease has well-defined
characteristics such as diffuse, scattered, and
small- and medium-sized keratic precipitates
with mild anterior chamber flare and minimal
cells along with iris atrophy which may lead to
acquired heterochromia in the absence of poste-
rior synechiae and macular edema. Unlike other
uveitis entities, FUS does not respond to cortico-
steroid therapy. Cataract formation and glaucoma
are the main complications that may develop dur-
ing the course of the disease [91-94].

The etiopathogenic mechanism of FUS
remains elusive. Many theories regarding the eti-
ology have been proposed, including genetic,
sympathetic, infectious, neurogenic, and
immunologic-inflammatory, but none of them
was able to explain the whole pathogenesis [95,
96]. After recent improvements in diagnostic lab-
oratory techniques for identification of infectious
agents, the infectious theory has become of major
interest to the researchers. A number of infectious
causes have been proposed, including toxoplasma,
rubella, CMV, and HSV [97, 98]. There are also
some sporadic cases showing FUS following ocu-
lar Toxocara canis [99, 100], chikungunya [101,
102], and ophthalmomyiasis [103] infections.
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Initially Fuchs [104] and Kimura et al. [105]
described the association of peripheral retinocho-
roidal scars with FUS, which raised the possibil-
ity of ocular toxoplasmosis as an etiologic factor.
Toledo de Abreu et al. [106] have reported the
first study in the literature in which an association
between ocular toxoplasmosis and FUS has been
based on the clinical findings by showing pres-
ence of retinochoroidal scars in 56.5 % of FUS
patients. In the vast majority of studies, an
assumed association between FUS and ocular
toxoplasmosis was implicated based on presence
of retinochoroidal scars at variable frequencies
[104-108]. Nevertheless, a few sporadic cases of
FUS in congenital ocular toxoplasmosis [109]
and at the time of an active toxoplasmic retino-
choroiditis in the same eye [106, 110, 111] or in
contralateral eye [112] have also been reported.

Ocular toxoplasmosis in all these different pre-
sentations may be responsible for triggering the
onset of FUS via a complex pathway by inducing
autoimmunity directed against retinal or choroi-
dal antigens. However, at what level the connec-
tion exists is a matter for debate. Different theories
have been postulated. The most recent immuno-
logical theory suggests that FUS may develop
over a period of time after congenital or acquired
ocular toxoplasmosis and it may be a secondary
immune reaction with a past antigenic stimulation
to a previous infection rather than reactivation of
ocular toxoplasmosis [107]. On the other hand, in
FUS cases with active ocular toxoplasmosis,
immunologic antigens may be released into gen-
eral circulation due to retinal destruction by pro-
liferating organism, which may also result in
sensitization, thereby causing inflammation in the
same eye or in contralateral eye [107].

In more recent studies, viral etiologies includ-
ing rubella and CMV have also been postulated
in the pathogenesis of FUS. The presence of
rubella virus genome and demonstration of intra-
ocular production of antibodies against the
rubella virus point out toward the possibility of
rubella virus as a possible etiological agent [113,
114]. In 2004, Quentin and Reiber [113] were the
first to find an evidence of intraocular synthesis
of rubella antibodies in the aqueous humor of all
of 52 patients with FUS and rubella genome in

18 % of the tested aqueous humor samples.
Groot-Mijnes et al. [114] also confirmed the
presence of rubella infection by showing a posi-
tive Goldmann-Witmer index for rubella virus in
93 % of FUS patients. Similarly a number of
other groups also conducted independent studies
confirming these findings [115-117]. Another
indirect evidence supporting this hypothesis is
that the incidence of FUS has been shown to
decline significantly among the vaccinated popu-
lation in a tertiary center after the initiation of
measles-mumps-rubella vaccination program in
the United States [118]. Still the relationship
between the rubella virus and FUS is not clear. It
is hypothesized that the intraocular immune
response against the rubella virus as a result of
delayed manifestations of a congenital or
acquired rubella infection may be the inciting
factor for the development of FUS [115].

Chee et al. [119, 120] were the first to postu-
late CMV as another possible etiological agent in
the pathogenesis of FUS by showing presence of
CMYV DNA in aqueous humor of eyes with pre-
sumed FUS. It is possible that different infectious
agents may be the triggering cause of FUS in dif-
ferent geographic regions.

In summary, none of these pathogens has been
fully linked to FUS. Fuchs uveitis syndrome may
be a secondary phenomenon or a final common
pathway following an initiating event caused by
various triggers.

2.7 Serpiginous Choroiditis

and Serpiginoid Choroiditis

Serpiginous choroiditis is a chronic, progressive,
recurrent, and usually bilateral intraocular
inflammatory disease of unknown origin. It is
characterized by a geographic pattern of choroi-
ditis, which typically extends from the peripapil-
lary area and affects the overlying retinal pigment
epithelium and the outer retina [121, 122].
Serpiginoid choroiditis, also described as
serpiginous-like choroiditis, multifocal serpigi-
nous choroiditis, multifocal serpiginoid choroidi-
tis, or ampiginous choroiditis, may present as
multifocal progressive or diffuse choroiditis
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resembling serpiginous choroiditis [123-128].
However, unlike serpiginous choroiditis, ocular
involvement in serpiginoid choroiditis is usually
unilateral, with multifocal irregular serpiginoid
lesions involving the posterior pole, mid-
periphery, and periphery sparing the juxtapapil-
lary area. There is typically a prominent
inflammatory cellular reaction in the vitreous
and/or anterior chamber in this form [121].

Serpiginous choroiditis is primarily consid-
ered as an immune-mediated disease. An
increased frequency of HLA-B7 and retinal S
antigen association has been reported [129, 130].
Infectious triggers have also been postulated in
the etiopathogenesis. Despite an association with
syphilis has been shown [131, 132], the most
often considered triggering bacterial infection is
Mycobacterium tuberculosis [133-135].
However, antituberculosis chemotherapy has
been shown to fail to halt the progression of the
disease [136]. Furthermore, in contrast to serpigi-
noid choroiditis, patients with serpiginous cho-
roiditis are usually from areas where tuberculosis
is not endemic and patients mostly reveal nega-
tive results for tuberculin skin test, interferon
gamma release assay, and chest x-ray [121].

In serpiginous choroiditis patients, a possible
association with herpes viruses has also been pos-
tulated [137-139]. In PCR studies, VZV, HSV,
CMYV, and EBV genome has been shown to be
positive in the aqueous humor of patients with ser-
piginous choroiditis; however, it is not clear
whether antiviral treatment can halt choroiditis
progression or recurrence [137, 138]. Interestingly,
Candida species were also postulated as another
possible etiological agent in a case series, which
has not been confirmed by any other studies [140].
Still, evidence suggests that serpiginous choroiditis
is primarily an idiopathic or autoimmune disease
which can be treated with a combined regimen of
oral corticosteroids along with immunomodulatory
agents and not with anti-infectious agents [121].

Mycobacterium tuberculosis DNA was shown
to be positive in the aqueous and vitreous humor
of patients with serpiginoid choroiditis, and
unlike serpiginous choroiditis, the disease shows
good response to systemic antituberculosis che-
motherapy [123, 124, 141]. Interestingly, in a

recent PCR study, EBV DNA was also shown to
be positive in the aqueous humor of patients with
serpiginoid choroiditis [138].

Although various infections may be the incit-
ing factors, serpiginous choroiditis and serpigi-
noid choroiditis are two different entities with
different clinical morphology and management.
The precise etiopathogenesis of each of these dis-
orders remains unknown.

2.8 Birdshot Chorioretinopathy
Birdshot chorioretinopathy is an uncommon
form of idiopathic bilateral posterior uveitis char-
acterized by multiple, distinctive, hypopigmented
choroidal lesions which are typically seen in
middle-aged women of Caucasian origin [142,
143].

The disease has a strong genetic association
with the HLA-A29 antigen, which suggests that
genes for major histocompatibility antigens may
play a role in the pathogenesis of the disease.
Still, the immune mechanism involved in the
pathogenesis remains unclear [144]. It is pre-
sumed that an infectious agent may initiate an
immune response either by itself or through
molecular mimicry in a genetically predisposed
person by facilitating the presentation of autoan-
tigen to T cells by the HLA-A29 molecule [142,
145]. Borrelia burgdorferi and Coxiella burnetii
are the two organisms postulated as potential eti-
ologic agents; however, there is still no study
showing the direct role of infectious agents in the
pathogenesis [146-148].

29 White Dot Syndromes

Inflammatory chorioretinopathies, referred to as
“white dot syndromes,” are a group of disorders of
unknown etiology characterized by multiple dis-
crete whitish-yellow inflammatory lesions located
at the various levels of the retina, outer retina, reti-
nal pigment epithelium, choriocapillaris, and cho-
roid [149, 150]. Acute posterior multifocal placoid
pigment epitheliopathy (APMPPE), multiple eva-
nescent white dot syndrome (MEWDS), multifocal
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choroiditis with panuveitis (MFC), and punctate
inner choroiditis (PIC) are the disease entities
included in the spectrum of white dot syndromes
[151]. Common presenting symptoms include
photopsias, blurred vision, floaters, nyctalopia,
and visual field loss (blind spot enlargement), and
some of these syndromes are also associated with
an antecedent prodromal illness characterized by
flu-like symptoms. Most of these entities are more
commonly seen in myopic young women [149].

While the etiology of the white dot syndromes
is not completely understood, various mecha-
nisms have been postulated including infectious
and noninfectious causes. Jampol et al. [152] sug-
gested that a variety of relatively common suscep-
tibility genes which probably also correspond to
the ones that have been identified for systemic
autoimmune diseases are present in patients with
white dot syndromes. These loci are thought to be
not disease specific and environmental triggers
such as infections, immunizations, stress, and
other factors (age, other genetic factors, sex)
interact to predispose these individuals to particu-
lar ocular disorders. Since these patients have
underlying shared susceptibility genes, they may
also develop more than one of these disease enti-
ties and are also predisposed to recurrences [152].
An infectious cause, viral in particular, as an envi-
ronmental trigger has been suggested based upon
suspected or documented infections for some of
these disorders.

The underlying pathology of APMPPE is pre-
sumed to be an abnormal immune response to an
inciting agent. An association with HLA sub-
types B7 and DR2 has also been shown [153].
The occurrence of APMPPE following influenza,
varicella, or hepatitis B vaccination supports the
hypothesis that the ocular disease may be caused
by a delayed type hypersensitivity reaction due to
activation of sensitized T lymphocytes by vacci-
nation [154-157]. APMPPE has also been
described in association with various infectious
conditions including mumps, group A strepto-
coccal infection, tuberculosis, and Lyme disease
[158-161]. Furthermore, in some cases of recur-
rent disease, a hypersensitivity reaction to anti-
microbial agents has been postulated as an
etiologic factor. On the other hand, some

noninfectious conditions may also present with
clinical features of APMMPE including sarcoid-
osis, Wegener’s granulomatosis, polyarteritis
nodosa, and ulcerative colitis [162—-165].

MEWDS is preceded by a viral-like illness in
about one third of cases, and an association with
HLA-B51 has been reported [166, 167]. Since a
significant number of patients have a preceding
flu-like illness and increased serum levels of
IgM and IgG have been found during the acute
phase of MEWDS, it is again hypothesized that
the underlying inflammatory immune reaction
to either a virus or a vaccine occurs in geneti-
cally susceptible persons [168—171]. Gass [172]
suggested that infectious agents, viruses in par-
ticular, may gain entrance into the receptor cells
at the edge of the optic disc and the ora serrata
and finally trigger a subsequent autoimmune
disease.

Like the other entities included in the spec-
trum of white dot syndromes, the etiology of
MFC also remains uncertain; however, it has
been hypothesized that an exogenous pathogen
may sensitize the antigens in the retinal photore-
ceptors, retinal pigment epithelium, or choroid
[173]. Some investigators have suggested a viral
etiology such as HSV, VZV, and EBV; however,
there is no conclusive evidence [174-176]. It is
also unclear whether MFC and PIC represent two
distinct disorders or should be included in the
same clinical spectrum [177].

In summary, although various infections are
thought to be the triggering factors in susceptible
persons, the precise etiopathogenesis of the dis-
ease entities included in the spectrum of white
dot syndromes remains unknown.

Core Messages

* Environmental factors, especially infec-
tious triggers, including bacteria, viruses,
and vaccines are thought to play an impor-
tant role in the induction and perpetuation
of some immune-mediated uveitis entities
in genetically susceptible individuals.

* Oral microbiota, especially Streptococcus
species, have been postulated as the
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predominant infectious triggers in Behget
disease.

In sarcoidosis, Mycobacterium tubercu-
losis has been suggested as the major
triggering agent.

In Vogt-Koyanagi-Harada disease, a
viral infection, especially Epstein-Barr
virus, may be the inciting factor.
Gram-negative bacterial triggers may be
involved in the development of HLA-
B27-associated anterior uveitis.

Rubella virus has been identified as the
main cause of Fuchs uveitis syndrome.
The major association of serpiginoid
choroiditis has been found to be latent
Mycobacterium tuberculosis infection.
Viral infections and vaccinations have
been postulated as possible triggers of
white dot syndromes.
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3.1 Introduction

Rickettsioses are worldwide distributed zoono-
ses due to obligate intracellular small Gram-
negative bacteria. They are transmitted to
humans by the bite of contaminated arthropods,
including ticks, lice, mites, and fleas. Systemic
involvement is typically characterized by a
triad of high fever, headache, and general mal-
aise and a maculopapular skin eruption in a
patient living in or traveling back from a region
endemic for rickettsiosis [1, 2]. Ocular involve-
ment is common, but frequently asymptomatic
and self-limited. Diagnosis of rickettsial dis-
ease is usually based on clinical features and is
confirmed by positive serologic testing [3].
Doxycycline is the drug of choice for the treat-
ment, but prevention is the mainstay of rickett-
sial infection control.

ted fever (MSF), Rocky Mountain spotted fever
(RMSF), and numerous other species. MSF,
which is caused by Rickettsia (R.) conorii, is
prevalent in Mediterranean countries and Central
Asia, including India. Rocky Mountain spotted
fever, which is caused by R. rickettsii, is endemic
in parts of North, Central, and South America.
The typhus syndromes include epidemic and
endemic typhus that are due to infection with R.
prowazekii and R. typhi, respectively. Epidemic
typhus is usually encountered in areas of crowded
population with poor hygiene conditions, as seen
during wars and natural disasters. Murine typhus
is found worldwide in warm-climate countries [1,
2]. A more recent classification has categorized
more than 20 species within the genus Rickettsia
into four groups, including the ancestral group,
the typhus group, the spotted fever group, and a
transitional group [4, 5].

3.2 Epidemiology

Rickettsial agents have been classified into spot-
ted fever and typhus groups [1, 2]. The spotted
fever group mainly includes Mediterranean spot-
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3.3  Pathophysiology

Specific surface cells antigens play an important
role in rickettsial adhesion to host cells and in
their invasion. Rickettsiae, in vivo, preferentially
infect microvascular endothelial cells in humans
as well as in animal models. As a consequence, a
host-immune response is triggered, leading to
disseminated inflammation, impairment of endo-
thelial barrier function, and altered vascular per-
meability. Infected endothelium will be induced
to express prothrombotic, proadhesive, and
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proinflammatory genes, resulting in systemic
vasculitis [1, 5]. Since the pathophysiologic basis
for rickettsial disease is vasculitic, most common
ocular lesions involve the retinal and optic disc
vasculature [3, 6].

34 Clinical Features

3.4.1 Systemic Disease

Rickettsial disease usually occurs in late spring
or summer, when the arthropod vectors, particu-
larly ticks, are most active. A history of outdoor
activities, occupational exposure, or tick attach-
ment is frequent [1, 2]. After an incubation period
of 5-7 days, the onset of the disease is abrupt,
and typical cases present with high fever, head-
ache, general malaise, and skin rash. The skin
rash is usually generalized, maculopapular in
type, often involving the palms and soles, but
sparing the face (Fig. 3.1a). A local skin lesion,
termed “tache noire” (black spot), may develop at
the site of arthropod bite, mainly in patients with
MSF (Fig. 3.1b). Most patients will recover
within 10 days without any sequelae. However,
severe life-threatening complications including
major neurological manifestations and multior-
gan involvement occur in 5 % to 6 % of patients,
and the mortality rate is 2 % to 3 % [7-9].

Epidemic typhus is associated with more severe
systemic disease and higher mortality rates than
MSF [5].

3.4.2 Ocular Disease

Ocular involvement is common in patients with
rickettsiosis, but because it is usually asymptom-
atic and self-limited, it may be easily overlooked
[3, 10]. Affected patients, however, may present
with ocular complaints, including vision blur-
ring, scotomata, floaters, or redness. Retinitis,
retinal vasculitis, and optic nerve involvement are
the most common ocular findings, but an array of
other ocular manifestations also may occur.

3.4.2.1 Adnexal and Anterior Segment
Manifestations

Conjunctiva may be a portal of entry for R. rick-
ettsii, as well as R. conorii infection, by a spurt of
ticks blood. This may result in unilateral con-
junctivitis that can accompany a Parinaud’s ocu-
loglandular syndrome (Fig. 3.2) [11, 12]. Bilateral
conjunctivitis also has been described in patients
with MSF, as well as RMSF [13]. Subconjunctival
hemorrhages, conjunctival petechiae, keratitis,
nongranulomatous anterior uveitis, and iris nod-
ule have also been reported in association with
rickettsial disease [11, 14, 15].

Fig.3.1 (a) Maculopapular skin rash in a patient with Mediterranean spotted fever. (b) Dark spot, also called “tache
noire,” in a patient with Mediterranean spotted fever
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Fig.3.2 Parinaud’s oculoglandular syndrome in a patient
with Mediterranean spotted fever. Slit-lamp photograph
of the left eye shows unilateral conjunctivitis with puru-
lent discharge. There was an associated ipsilateral swollen
preauricular lymph node

3.4.2.2 Retinochoroidal Involvement
Retinochoroidal involvement is common, affect-
ing, for instance, more than 80 % of patients
with acute MSF [3]. However, it is often asymp-
tomatic. Posterior segment manifestations typi-
cally include retinitis, retinal vascular changes,
and optic disc involvement, with mild or no
vitritis.

Retinitis
Retinitis, primarily involving the inner retinal
layers, is the most common clinical finding,
occurring in approximately one third of patients
with acute MSF [3, 16-20]. It presents as white
retinal lesions, variable in size and number,
involving the posterior pole or the peripheral ret-
ina, typically adjacent to retinal vessels (Figs.
3.3a and 3.4a). Small lesions in the posterior fun-
dus may strikingly resemble cotton-wool spots.
Fluorescein angiography shows early hypofluo-
rescence and late staining of large retinal lesions
and isofluorescence or moderate hypofluores-
cence of small retinal lesions [3]. Optical coher-
ence tomography (OCT) exhibits increased
internal reflectivity of retinal lesions, with poste-
rior shadowing. It also usually shows macular
edema and serous retinal detachment in associa-
tion with large white retinal lesions (Fig. 3.4b
and ¢) [6].

There are reports of multiple small white reti-
nal lesions in other rickettsioses including RMSF,
Queensland tick typhus, and murine typhus

[21-26]. Multiple retinal lesions similar to those
seen in multiple white dot syndrome have also
been reported [14, 27].

The pathogenesis of rickettsial retinal involve-
ment remains speculative. Retinitis could develop
as a consequence of multiplication of rickettsial
microorganisms within retina. Alternatively,
immune response to bacteremia might induce
immune complexes and inflammatory cells to
form white infiltrates through deposition in reti-
nal vessels [3].

Rickettsial retinitis has a self-limited evolu-
tion in most patients with progressive resolution
of white retinal lesions, within several weeks.
There is usually no visible residual chorioretinal
scarring [3].

Retinal Vascular Involvement

The marked tropism of rickettsial organisms for
retinal vasculature is evidenced by the frequent
occurrence of retinal vascular involvement. This
may include focal or diffuse retinal vascular
sheathing; arterial plaques similar to toxoplasmic
Kyrieleis arteritis; superficial, deep, or white-
centered retinal hemorrhages; and retinal vascu-
lar leakage on fluorescein angiography, mostly in
the vicinity of white retinal lesions (Fig. 3.3).
Vascular occlusive events may occur, usually in
the form of asymptomatic or symptomatic branch
retinal arteriolar occlusion that is usually inti-
mately related to a white retinal inflammatory
lesion. Central retinal artery occlusion and retinal
vein occlusions have been less commonly
reported [3, 10, 28-32].

Other Retinochoroidal Changes
Hypofluorescent choroidal lesions on fluorescein
or indocyanine green angiography and endogenous
endophthalmitis have been reported [3, 33, 34].

3.4.2.3 Neuro-ophthalmic
Manifestations

Optic nerve involvement is common, reflecting
the tropism of rickettsial organisms for optic disc
vasculature besides retinal vasculature. It may
include optic disc edema, optic disc hyperfluores-
cence, optic neuritis, neuroretinitis, and ischemic
optic neuropathy. Third and sixth cranial nerve
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Fig. 3.3 A 43-year-old woman with a history of recent
febrile illness complained of blurred vision in the right
eye. Visual acuity was 20/20. (a) Fundus photograph of
the right eye shows a juxtavascular white retinal lesion
superotemporally, close to the optic disc. Note the pres-
ence of associated retinal vascular sheathing and optic
disc hyperemia. Fluorescein angiography shows early
hypofluorescence (b) and late staining (c¢) of the white

palsies have also been reported in this setting [3,
10, 16-18, 33, 35-39].

3.5 Diagnosis

Diagnosis of rickettsial infection is usually sus-
pected on the basis of clinical features (ocular
and systemic) and epidemiological data. Serology
is the most widely used method to confirm the
diagnosis. Serum may be tested by immunofluo-
rescence (IF) for rickettsial antigens, which is the

retinal lesion, retinal vascular leakage, and mild optic disc
hyperfluorescence. Serology was positive for R. conorii.
The patient received doxycycline (100 mg twice a day) for
10 days. (d) Fundus photograph of the same eye, taken
2 months after initial presentation shows an almost com-
plete resolution of the white retinal lesion without obvious
chorioretinal scarring. Note the residual periarterial
sheathing

gold standard for laboratory diagnosis. IF is con-
sidered positive when there is either initial high
antibody titer or a fourfold rise of the titer in the
convalescent serum. Case confirmation with IF
might take 2-3 weeks. Other serological tests
include Weil-Felix test, latex agglutination, indi-
rect hemagglutination, immunoperoxidase assay,
and ELISA. Cell culture systems and molecular
methods for isolating rickettsial agents from
human samples including quantitative PCR
(qPCR) are less available techniques and per-
formed only in selected cases [1, 17, 40].
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Fig.3.4 A 37-year-old woman with Mediterranean spotted
fever presented with vision loss in the left eye. Visual acuity
was 20/200. (a) Fundus photograph of the left eye shows
juxtapapillary white retinal lesions temporally and superi-

In a patient suspected as having rickettsial
systemic disease, a systematic fundus examina-
tion, revealing frequently abnormal, fairly typical
findings, can help to establish the diagnosis while
serologic testing is pending [3].

orly with associated small retinal hemorrhage. (b, ¢) OCT
shows increased internal reflectivity with posterior shadow-
ing corresponding to the temporal retinal lesion and associ-
ated cystoid macular edema and serous retinal detachment

chikungunya, Behget’s disease, and sarcoidosis.
Small retinal infiltrates in the posterior fundus
should be differentiated from cotton-wool spots
that may be associated with a wide variety of
ocular or systemic conditions [16—18].

3.6 Differential Diagnosis

The differential diagnosis of rickettsiosis includes
numerous systemic infectious and noninfectious
diseases manifesting with acute febrile illness,
such as typhoid fever, measles, rubella, enterovi-
ral infection, meningococcemia, disseminated
gonococcal infection, secondary syphilis, lepto-
spirosis, cat scratch disease, infectious mononu-
cleosis, arbovirus infection, Kawasaki disease,
Behcet’s disease and other systemic vasculitic
disorders, idiopathic thrombocytopenic purpura,
and drug reaction.

Specific epidemiological data, history, sys-
temic symptoms and signs, and ocular findings
can help differentiate rickettsial ocular disease
from other infectious or noninfectious causes of
retinitis, retinal vasculitis, or optic neuropathy.
The differential diagnosis includes toxoplasmo-
sis, cat scratch disease, syphilis, herpetic disease,

3.7 Management

Early empirical antibiotic treatment should be
given for any suspected rickettsiosis. Doxycycline
(100 mg every 12 hours for 7-10 days) is the drug
of choice for the treatment of rickettsial disease.
Antibiotic treatment for systemic disease may be
terminated 48 hours after the patient is afebrile.
Other tetracyclines, chloramphenicol, and fluoro-
quinolones are also effective. Macrolides, includ-
ing clarithromycin, azithromycin, and particularly
josamycin can be used as alternative therapy in
children and pregnant women [1, 41].

Additional therapeutic agents may be required
for ocular disease: topical antibiotics for con-
junctivitis or keratitis; topical corticosteroids and
mydriatics for anterior uveitis; systemic cortico-
steroids for severe ophthalmic involvement,
including extensive retinitis threatening the
macula or optic disc, serous retinal detachment,
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macular edema, retinal vascular occlusion, severe
vitritis, and optic neuropathy; and anticoagulant
agents for retinal vascular occlusions. The role of
antibiotic therapy, as well as that of oral steroids,
on the course of posterior segment involvement,
remain unknown. The effect of anticoagulants on
the course of retinal occlusive complications is
also unclear [3, 16-18].

Prevention is the mainstay of rickettsial dis-
ease control. It consists of personal protection
against tick bites in endemic areas (repellents,
protective clothing, and avoidance of dogs,
detection and removal of an attached tick) and
improvement of sanitary conditions including
the control of rat reservoirs and of flea or lice
vectors.

3.8 Prognosis

Although prognosis of systemic infection is usu-
ally good, rickettsioses may be severe and poten-
tially lethal and therefore should be treated
accordingly [1].

Ophthalmic manifestations of rickettsioses
have a self-limited course in most patients, disap-
pearing between the third and tenth week after
the first examination. Posterior segment involve-
ment associated with rickettsial disease has a
good overall visual outcome. Causes of persistent
visual impairment include residual central retinal
pigment epithelial changes, retinal artery or vein
occlusion, optic atrophy, and choroidal neovascu-
larization [6].

Conclusion

The best diagnostic tool of rickettsial infection
relies on a high index of suspicion in the pres-
ence of the triad of high fever, headache and
general malaise, and skin rash in a patient liv-
ing in or traveling back from a region endemic
for rickettsiosis. Asymptomatic or symptom-
atic ocular involvement is common in patients
with rickettsial disease. Retinitis presenting as
small or large white retinal lesions in associa-
tion with mild vitritis, retinal vasculitis, and
optic nerve involvement are the most common
and typical ocular findings.

S. Khochtali et al.

A systematic fundus examination should be
part of the routine evaluation of any patient
who presents with fever and/or skin rash living
in or returning from a specific endemic area.
Fairly typical posterior segment findings can
help to establish an early diagnosis of rickett-
siosis, while serologic testing is pending.

Core Messages

» Systemic rickettsial disease: acute high
fever, headache and general malaise,
maculopapular skin rash

* Ocular symptoms: usually absent or
mild, visual loss

e Ocular findings: focal or multifocal
inner retinitis, retinal vasculitis, optic
neuropathy, mild vitritis, nongranulo-
matous anterior uveitis, conjunctivitis,
Parinaud’s oculoglandular syndrome,
others

e Laboratory diagnosis: serology (immu-
nofluorescence), with initial high anti-
body titer or a fourfold rise of the titer in
the convalescent serum, qPCR, cell
culture

* Management: doxycycline, other antibi-
otics: macrolides, fluoroquinolones

e Prognosis: systemic disease: usually
good, but potentially lethal

e Prognosis: ocular disease: usually self-
limiting, rarely persistent visual loss

e Prevention: personal protection against
tick bites, improvement of sanitary
conditions
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Syphilitic Uveitis

Sara J. Haug and Emmett T. Cunningham Jr.

4.1  Introduction

Syphilis is caused by infection by the spirochete
Treponema pallidum and is, in the vast majority
of cases, sexually transmitted. Although uncom-
mon, syphilis and syphilitic uveitis continue to be
an important cause of patient morbidity. Not only
can vision and visual function be severely
reduced by ocular involvement in syphilis, but
severe and sustained non-ocular complications
can also accompany infection. This latter point is
particularly important given the high proportion
of patients with syphilitic uveitis for whom ocu-
lar inflammation is the presenting sign of
infection.
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4.2 Epidemiology

Recognized for over 150 years as an important
cause of both iritis and chorioretinitis, the preva-
lence of confirmed cases of syphilitic uveitis has
decreased dramatically over this time — first as a
result of improved serologic testing and later with
the introduction of effective antibiotic therapy [1].
This decline was particularly dramatic in the
developed world in the latter half of the twentieth
century such that by 2000 the annual rate of pri-
mary and secondary syphilis in the United States
reached its lowest recorded level of 2.1 cases per
100,000 population [2—4]. Since 2000, however,
the rate of primary and secondary syphilis in the
United States has more than doubled to 5.3 cases
per 100,000 population in 2013 [5]. Estimates in
the United Kingdom indicate the incidence of
syphilis between 1999 and 2008 have increased
1032 % [4]. This dramatic increase has occurred
largely in men, who accounted for 91.1 % of
reported early syphilis cases in 2013. The greatest
percentage increases were among men having sex
with men (MSM), most probably linked to the
practice of unprotected sex in the era of effective
antiretroviral therapy [4-7].

The British Ocular Syphilis Study utilized a
national reporting system (the British Ocular
Surveillance Unit) to collect new cases of syphi-
litic uveitis from 2009 to 2011. They found the
annual incidence of ocular syphilis to be 0.3
cases per 1,000,000 persons and that syphilitic
uveitis affected 0.6 % of all those affected with
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infectious syphilis every year [4]. This preva-
lence of ocular syphilis was lower than expected
and may have been due to increased awareness of
the resurgence of syphilis and, consequently,
more prompt treatment. Another study out of
Nantes, France, studied 36 patients hospitalized
for syphilis from 2000 to 2010. All but one of the
patients were MSM and 50 % were HIV positive.
Of the 36 patients with severe syphilitic infection
requiring hospitalization, 11 (30.6 %) had syphi-
litic uveitis [8].

4.3 Pathophysiology

Humans are the only known reservoir for syphi-
lis. The spirochete typically enters the body
through intact mucosa, whereafter invasion of
local and distant tissues ensues. The bacteria do
not produce an intrinsic toxin; rather, tissue
damage results predominantly from the ensuing
adaptive immune response in the host. 7. palli-
dum initially elicits a prominent B-cell response,
with T-cell-mediated immunity playing a key
role in elimination from infected hosts [9].
Dissemination occurs despite the humoral and
cellular response of the host, and, without treat-
ment, the bacteria can persist in the body for
decades [9, 10].

4.4 Clinical Features

441 Systemic Manifestations

The systemic manifestations of syphilis have
been divided into three clinical stages. Primary
syphilis is the first stage of syphilitic infection
and occurs about 3 weeks after exposure. It is
characterized by an ulcerative chancre at the con-
tact point and is associated with regional lymph-
adenopathy.  Although there is systemic
dissemination shortly after inoculation through
the lymphatics and blood stream, flu-like sys-
temic symptoms are rarely associated with pri-
mary syphilis. The chancre is usually painless
and heals spontaneously within a few weeks and,
therefore, is often unnoticed.

Untreated, the infection progresses to second-
ary syphilis 2—-12 weeks after initial inoculation.
Systemic manifestations such as arthralgias,
headache, low-grade fever, and a maculopapular
rash can occur and last for a few weeks or linger
over many months. After secondary syphilitic
infection, the disease moves to a latent stage that
can continue for years.

The tertiary phase of syphilis refers to the
occurrence of sequelae of infection months or
years after the untreated resolution of the signs of
secondary syphilis, complications that can affect
15-30 % of those infected [11] and can include
focal inflammatory lesions known as gummas,
vasa vasorum of the aorta, tabes dorsalis, and
general paresis. Although involvement of the
central nervous system (CNS) can result in severe
manifestations in tertiary syphilis, CNS infec-
tion, or neurosyphilis, may be demonstrated at
any stage. Ocular involvement, which can also
occur either during secondary or latent syphilitic
infection, elevates the suspicion of nervous sys-
tem involvement and is usually treated as such.

Congenital syphilis may manifest at any time
throughout life. Symptoms occurring at the age
of 2 years or younger are considered early onset
of congenital syphilis; symptoms after age 2 are
termed late onset of congenital syphilis.

4.4.2 Ocular Manifestations

While direct conjunctival inoculation resulting in
primary ocular syphilis is possible [12], ocular
syphilis occurs most often during the secondary
and latent stages of infection.

4.4.2.1 External Examination

The conjunctiva may be involved in several
ways in syphilis. In primary syphilis, an ulcer-
ative conjunctival lesion with a rounded edge
and surrounding conjunctival injection may be
seen, very similar to chancres seen at a genital
inoculation site. There tends to be little or no
discharge associated with a primary conjunctival
lesion. A nonspecific conjunctivitis usually con-
sisting of a primary papillary reaction can pres-
ent in secondary syphilis and is usually mild and
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often overlooked. In tertiary syphilis, there can
be a granulomatous conjunctivitis with second-
ary necrosis and gumma formation [11].

Scleritis and episcleritis can be seen in con-
junction with other ocular findings of syphilitic
uveitis however are uncommon in isolation [13,
14]. Anterior nodular scleritis is the most com-
mon form of direct scleral involvement and tends
not to progress to necrosis. Syphilitic scleritis
should show rapid improvement to appropriate
antimicrobial treatment [13].

4.4.2.2 Anterior Segment

Corneal manifestations of congenital and
acquired syphilis are probably the most recog-
nized ocular findings in syphilis. Nonulcerative
stromal keratitis is most commonly a manifesta-
tion of late congenital syphilis, appearing
between 5 and 15 years of age [15, 16]. However,
as the rates of congenital syphilis decrease and
the rate of acquired syphilis increases, more cases
of adult stromal keratitis are being reported [15—
17]. Nonulcerative stromal keratitis presents in
adults with syphilis as marginal, central, or mul-
tifocal stromal inflammation with neovascular-
ization, usually immediately anterior to
Descemet’s membrane. The keratitis responds to
corticosteroid therapy, but occasionally can recur
[16]. With inactive interstitial keratitis, ghost ves-
sels may be seen and can be associated with stro-
mal scarring.

Iritis and iridocyclitis is a nonspecific finding in
syphilitic uveitis and may be granulomatous (Fig.
4.1) or nongranulomatous. Hypopyon may be
present, but is uncommon. Dilated iris capillaries
(iris roseola) are thought to be highly suggestive of
syphilitic infection (Fig. 4.2). The classic pupillary
finding in syphilis is the Argyll Robertson pupil,
usually seen in latent syphilis and diagnostic for
neurosyphilis. The pupils are unequal in size,
irregular, and miotic, and while the pupil will
accommodate, it will not react to light. The patho-
logic lesion is thought to be in the interneuron con-
nection between the Edinger-Westphal nucleus
and the retinal ganglion cells in the midbrain [18].

Cataracts have been described uncommonly in
association with both congenital and acquired
syphilis.

Fig.4.1 Color slit lamp photograph of large “granuloma-
tous” keratic precipitates in a patient with syphilitic uve-
itis (Reproduced with permission from Wender J, Eliott D,
Jumper JM, Cunningham ET Jr. How to recognize ocular
syphilis. Rev Ophthalmol, 2008, November, 124-130)

Fig. 4.2 Color slit lamp photograph of iris roseola in a
patient with syphilitic uveitis. Two patent iridotomies are
visible at 2 and 10 o’clock (Reproduced with permission
from Wender J, Eliott D, Jumper JM, Cunningham ET Jr.
How to recognize ocular syphilis. Rev Ophthalmol, 2008,
November, 124-130)

4.4.2.3 Posterior Segment

Posterior segment complications appear to be
particularly common in patients with syphilis
[19]. Although the clinical presentation can be
varied and a wide assortment of findings has been
reported, there are posterior findings that, while
not necessarily pathognomonic, are highly sug-
gestive of syphilitic infection.
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Isolated vitritis can occur in patients with
syphilis; however, vitreous inflammation tends to
occur more often in association with other poste-
rior segment findings, most commonly retinitis
[19, 20]. One report highlighted three cases of
primary vitritis as the initial manifestation of
syphilitic uveitis [21]. All the patients in the
report were HIV positive.

While isolated optic disc edema has been
reported as a presenting sign of syphilis [22, 23],
optic disc swelling typically occurs in the setting
of active uveitis (Fig. 4.3) [19, 20, 24].

Numerous descriptions and variations of reti-
nitis have been reported in cases of syphilitic
uveitis including wedge-shaped retinitis, ground-
glass retinitis, and necrotizing retinitis [2, 11, 20,
25, 26]. Active syphilitic retinitis often contains
both vasculitis and superficial precipitates or
accumulations (Fig. 4.4), which together are
quite suggestive of syphilis [26]. Similarly, acute
syphilitic  posterior placoid chorioretinitis
(ASPPC), first described by Gass in 1990 [27], is
a classic finding of syphilis (Fig. 4.5). In ASPPC,
the lesions are typically yellow-white, placoid,
circular, or oval and involve the macular or
extramacular area. An active leading edge was

Fig. 4.3 Color fundus photograph of syphilitic papillitis
in an HIV-positive patient (Reproduced with permission
from Wender J, Eliott D, Jumper JM, Cunningham ET Jr.
How to recognize ocular syphilis. Rev Ophthalmol, 2008,
November, 124-130)

often observed. Fluorescein angiography shows a
hypofluorescent central lesion in the early-phase
frames with progressive hyperfluorescence in the
later frames, often observed with leopard spot-
ting [2, 20, 27]. Spectral domain optical coher-
ence tomography imaging shows characteristic
outer retinal abnormalities, including disruption
of the ellipsoid band, nodular thickening of the
retinal pigment epithelium (RPE), loss of the
outer segment/RPE junction, and in some cases
loss of the external limiting membrane. Subretinal
fluid was also observed, although was transient.
Usually these findings reversed following appro-
priate treatment; however in some cases, the
damage to the outer retinal anatomy was perma-
nent and poor vision persisted [20, 28].
Localized exudative retinal detachments are
relatively common in posterior syphilitic uveitis
and have been widely reported [29-31].
Rhegmatogenous retinal detachments, in compari-
son, are much less common [32, 33].
Rhegmatogenous detachments typically occur
early in the course of treatment, as the infection
resolves, but prior to the resolution of inflammation,

Fig. 4.4 Color fundus photograph of characteristic
“ground-glass” retinitis associated with a serous retinal
detachment, focal inflammatory accumulations, and reti-
nal vasculitis in an HIV-positive patient with syphilitic
uveitis (Reproduced with permission from Wender J,
Eliott D, Jumper JM, Cunningham ET Jr. How to recog-
nize ocular syphilis. Rev Ophthalmol, 2008, November,
124-130)
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Fig.4.5 Color fundus photograph (a) and serial fluores-
cein angiographic images (b, ¢) of acute syphilitic poste-
rior placoid chorioretinopathy (ASPPC) showing a
characteristic macular lesion and progressive hyperfluo-

Fig. 4.6 B-scan ultrasonography showing a total rheg-
matogenous retinal detachment in a patient with syphilitic
panuveitis

and are thought to be due to contraction of the vit-
reous (Fig. 4.6) [33].

4.5 Diagnosis

Diagnosis of the “great imitator” requires a high
level of clinical suspicion. The definitive method
for diagnosis is direct visualization of T. pallidum
using dark-field microscopy; however due to the
technological difficulties of this test, it is rarely per-
formed [34]. Serologic testing can be divided into
two groups. First, the nontreponemal tests such as

rescence (Reproduced with permission from Wender J,
Eliott D, Jumper JM, Cunningham ET Jr. How to recog-
nize ocular syphilis. Rev Ophthalmol, 2008, November,
124-130)

the venereal disease research laboratory (VDRL)
and the rapid plasma reagin (RPR) tests detect anti-
bodies to cardiolipin (lecithin) cholesterol antigen.
The titers of the nontreponemal tests are often used
as an indicator of both disease activity and of
appropriate and complete treatment. In contrast,
direct treponemal tests such as enzyme immunoas-
says (EIAs) and chemiluminescent immunoassays
(CIAs) detect antibodies directed against trepone-
mal antigens and so are used as more sensitive and
specific indicators of past or current infection.
These direct treponemal assays will remain reac-
tive for years, despite adequate therapy [7].

Most practitioners today use both treponemal and
nontreponemal tests to confirm syphilis infection in
patients with syphilitic uveitis. The nontreponemal
tests are inexpensive and often used for screening;
however, they are not specific for syphilis, can pro-
duce false-positive results, and can be falsely nega-
tive in early stages of infection. If there is discordance
between the treponemal and nontreponemal serolo-
gies, a confirmatory Treponemal pallidum particle
agglutination (TP-PA) test can be used for syphilis
diagnosis. In patients with confirmed syphilis infec-
tion, HIV testing is also warranted.

4.6 Differential Diagnosis

The differential diagnosis is quite broad for syph-
ilitic uveitis, given its varied ocular manifesta-
tions. Nonulcerative stromal keratitis is often
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associated with congenital or acquired syphilis,
but the differential includes tuberculosis, leprosy,
sarcoidosis, lymphoma, Lyme disease, herpes
simplex virus and herpes zoster virus, Epstein-
Barr virus, mumps, human T-lymphotropic virus
type 1, leishmaniasis, onchocerciasis, trypanoso-
miasis, Cogan’s syndrome, or trauma such as
contact lens overwear. In cases of syphilitic pan-
uveitis, the differential diagnosis includes endog-
enous endophthalmitis, sarcoidosis,
toxoplasmosis, tuberculosis, Lyme disease,
Behget’s disease, and viral retinitis such as cyto-
megalovirus or acute retinal necrosis. The differ-
ential  diagnosis for  posterior  placoid
chorioretinopathy due to syphilis is similar to the
differential for panuveitis, tuberculosis, Lyme
disease, toxoplasmosis, and sarcoidosis, but also
should include fungal infections, lymphoma, per-
sistent placoid maculopathy, and metastasis.

4.7 Management

Patients with a new diagnosis of syphilis must
first be reported in most countries and regions,
patients with a new diagnosis of syphilis should
be reported to the local health authorities.
Penicillin G is the drug of choice for all stages of
syphilis, although the specifics of the regimen are
debated. In immunocompetent patients with early
syphilis, defined as primary, secondary, or latent
of less than 1 year’s duration, a single intramus-
cular injection of 2.4 million units of benzathine
penicilin -~ G is  considered adequate.
Recommended treatment for patients with active
chorioretinal disease is aqueous crystalline peni-
cillin G (18-24 million units IV daily) or pro-
caine penicillin (2.4 million units IM daily) with
oral probenecid (500 mg four times daily) for
10-14 days. Response to treatment is verified by
a fourfold decrease in titer by the same nontrepo-
nemal test. If there is confirmed neurosyphilis
with positive cerebrospinal fluid, patients should
be monitored at 6-month intervals with CSF stud-
ies until the cell count normalizes. In patients
with concurrent HIV infection, the treatment
regimen should be for 3 weeks rather than
10-14 days, and serologic testing should be
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performed at 6-month intervals for 2 years to
monitor for treatment failure [11, 25].

The use of corticosteroids to help control the
inflammation as a result of the syphilis infection
is controversial. Topical corticosteroids should
be used liberally; however, intravitreal steroid
injections are generally avoided. Oral corticoste-
roids are also not routinely advised.

4.8 Prognosis

Although neurosyphilis and tertiary syphilis can
be devastating, most new cases of syphilis are
diagnosed in the primary or secondary stage of
syphilis. When diagnosed in these earlier stages,
the prognosis is usually quite good. Many of the
systemic and ocular symptoms resolve without
sequelae.

Conclusions

Syphilis infection is again on the rise globally.
Although there are classic findings for syphi-
litic uveitis, syphilis is the “great imitator”” and
must be considered in nearly all cases of intra-
ocular inflammation, particularly if a condi-
tion is not responding to usual treatment.

Core Messages

» Incidence of syphilis infection has risen
following a nadir in 2000, particularly
in men who have sex with men. HIV
coinfection is common.

e Syphilis is known as the “great imita-
tor,” given its wide variety of ocular
manifestations. Therefore, a high level
of suspicion for 7. pallidum infection
must be maintained in new cases of uve-
itis, given that a high proportion of undi-
agnosed patients with syphilis present
with uveitic symptoms.

» Diagnosis of syphilitic infection is made
with serologic testing. Nontreponemal
tests such as rapid plasma reagin (RPR)
are used in conjunction with treponemal
tests, such as the enzyme immunoassays
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(EIAs) or chemiluminescent immunoas-
says (CIAs). If there is discordance
between the treponemal and nontrepo-
nemal serologies, the Treponema palli-
dum particle agglutination (TP-PA) test
is utilized for diagnosis. Response to
treatment is monitored using the non-
treponemal tests, which should serocon-
vert to negative following appropriate
treatment.

» Treatment of syphilitic uveitis consists
of aqueous crystalline penicillin G (18-
24 million units IV daily) or procaine
penicillin (2.4 million units IM daily)
with oral probenecid (500 mg four times
daily) for 10—14 days. If the patients are
HIV positive, treatment should continue
for 3 weeks. An alternative to this treat-
ment is a single intramuscular injection
of 2.4 million units of benzathine peni-
cillin G weekly for three weeks. Within
the United States, new cases of syphilis
should be reported to the patient’s
respective State Department of Health.
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5.1  General Aspects of Lyme
Disease
5.1.1 Epidemiology

Very few epidemiological data are available as
yet. In the USA, incidence was estimated from 6
to 98 per 100,000 inhabitants, whereas in Europe
up to 155 per 100,000 inhabitants are affected
[1-3].

Many cases occur during spring and summer
due to the more frequent exposure to wild areas
or open-air life in these seasons [4]. Its frequency
is increasing mainly due to the increase of wild
animals (such as small mammals) which are the
reservoir for ticks.

Age groups present two peaks of incidence:
the first between 5 and 14 years of age and the
second between 30 and 59 years [5-7].
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5.1.2 Pathogenesis

Lyme borreliosis (LB) takes the name from the
Connecticut town where it was first recognized in
1975 [2]. Lyme disease (LD) causative agents are
flagellated, very adaptable bacteria of the
Spirochete family called Borrelia of which 11
different genomic species are currently recog-
nized, the most frequent human pathogen being
Borrelia burgdorferi, discovered by the Swiss
scientist Wilhelm Burgdofer in 1982. They can
survive and multiply in animal reservoirs (small
mammals, mice, voles, rodents, and birds).

The vector transmitting tick is Ixodes ricinus
species complex [8—10].

Lyme borreliosis is known as a disorder that
can mimic many other diseases, thus gaining the
title of “new great imitator,” syphilis (another
spirochetal illness) being the “first great imita-
tor” [11].

LD pathogenesis is as yet not well known, and
symptoms are believed to be directly related to
the association of infection and delayed hyper-
sensitivity mechanism. Late or chronic disease
pathogenesis is controversial because it is uncer-
tain whether these cases represent treatment fail-
ures with persistence of Borrelia in the body or
an autoimmune infectious-derived illness [12].

Clinical manifestations sometimes differ
between the USA and Europe, the reason proba-
bly lying in relations to different Borrelia sub-
types. In some cases, an additional tick-borne
coinfection may be present 13—15].
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5.1.3 Systemic Manifestations

Skin Erythema migrans (EM) is a red macula or
papula at the site of the tick bite (Fig. 5.1) enlarging
in some days into a red patch. The following pro-
gressive central clearing of the lesion has a “ring-
like” appearance (Fig. 5.2). EM is the first and only
typical sign for a clinical diagnosis, but in any case,
serological data confirmation is needed [16].

Fig.5.1 Tick bite on a shoulder with central black spot

Fig.5.2 Skin erythema migrans

Systemic symptoms of malaise, fatigue, head-
ache, and joint or muscle pain are associated with
EM in half of all patients [17].

Borrelial lymphocytoma and acrodermatitis
atrophicans are other manifestations of LD, the
skin being the most affected body tissue
[18-23].

Nervous System Early neuroborreliosis symp-
toms are related to protracted aseptic meningitis
(transient or persistent headache) and cranial
nerve (mainly facial nerve with transient facial
palsy) or peripheral nerve involvement (pain as a
result of radiculoneuritis) [24, 25].

Cerebrospinal fluid (CSF) examination shows
lymphocytic pleocytosis.

One tenth of European patients show dissemi-
nated encephalomyelitis symptoms resembling
multiple sclerosis, whereas American-affected
subjects more frequently report signs of encepha-
lopathy (neuropsychiatric features) [26-33].

Heart Changing atrioventricular blocks as a
result of conduction disturbances and arrhyth-
mias are frequent but usually transient. If they
persist, they can lead to chronic cardiomyopathy
[34-41].

Joints Intermittent attacks of asymmetrical
inflammation of one or more joints are typical
of Lyme arthritis. The mono-/oligoarticular
form is more frequent in American patients.
10 % of patients have long-standing arthritis
with longer than I-year duration. Increase of
ESR and IgM, leukocytosis, and the presence of
circulating immune complexes (CIC) and cryo-
globulins are not specific serologic inflamma-
tory features. Synovial fluid examination shows
increased presence of polymorphonuclear leu-
kocytes [42—44].

5.1.4 Stages of Lyme Disease

Untreated LD clinical manifestations occur in
three stages:

Ist stage corresponds to erythema migrans skin
rash which appears 3-30 days after the tick bite.
2nd stage is related to multi-organ involvement
with neurologic, cardiac, joint inflammatory
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involvement which appears weeks to months
after the tick bite.

3rd stage is the stage of chronic arthritis and neu-
rologic syndromes [45, 46].

5.2  Ocular Manifestations
In animal model studies, it was shown that
Borrelia invades the eye very early after infection
but may remain quiescent for a long time [47-50].

Several eye inflammatory signs and symptoms
can appear, some months after the onset of sys-
temic Lyme disease, and ocular chronic late man-
ifestations are usually associated with other
expressions of the disease such as arthritis [44].

Eyes can be affected: primarily as a result of
the direct involvement of the ocular tissues
(conjunctivitis, episcleritis, scleritis, or keratitis
are the main signs, followed by anterior uveitis,
retinal vasculitis, retinochoroiditis, and optic
nerve inflammation, rarely panuveitis) or sec-
ondarily as a result of systemic manifestations
(orbital myositis and palsies of cranial nerves)
[50-53].

In children, symptoms and signs of intermedi-
ate uveitis are very frequent [54-60].

5.2.1 Symptoms

Severe photophobia, color vision disorders, or
visual hallucinations and periocular pain are

symptoms frequently reported by patients affected
by corneal or neuro-ophthalmic involvement.

Blurred vision, floaters, and worsening of
visual acuity are typical symptoms of vitreoreti-
nal inflammatory involvement [60, 61].

During the flu-like illness of LD, a nonspecific
follicular conjunctivitis may occur in 1/10 of
patients, and it is frequently associated with lid or
conjunctival chemosis and/or episcleritis. A
patient — even if a child — with any of these mani-
festations should be questioned as to endemic
area, tick bite, skin rash, and arthritis and should
undergo serological testing [62, 63]. Children
and people living or working in rural endemic
areas are the most exposed.

5.2.2 Signs

Early-stage manifestations The first sign of
ocular involvement is follicular conjunctivitis
related to flu-like illness symptoms, followed
some weeks later by nummular keratitis [63].
Superficial and interstitial keratitis can be local-
ized in the limbus area and can produce corneal
limbus ulcers (Fig. 5.3). Exposure keratitis
related to the seventh peripheral nerve palsy is
also described [64—66].

Borrelia-associated crystalline keratopathy is
a rare reported manifestation [67].

Late-stage manifestations Episcleritis [68]
(Fig. 5.4), iritis, anterior uveitis, vitritis (with
“spider’s web” aspect), intermediate uveitis, and

Fig.5.3 360° borrelial limbal keratitis

Fig.5.4 Episcleritis and limbal keratitis
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posterior involvement occur infrequently and
usually appear in the late stages [69-71].

Uveitis is usually a late finding, and anterior
uveitis is frequently associated with papillitis. It
is characterized by granulomatous keratic
precipitates or various degrees of flare and cells
(Fig. 5.5); sometimes, posterior synechiae
(usually in the inferior part of the iris) and iris
nodules may be present [72, 73].

Intermediate uveitis typically affects children
and presents as hyalitis and granulomatous vitri-
tis ranging from traces to 4+ and spider’s web
aspect [60, 74] (Fig. 5.6).

Vitreous snowballs typically are yellow-white
inflammatory aggregates and are found in the
mid vitreous and inferior periphery. Snowbanks

are exudates on the pars plana which, when pres-
ent, are usually found inferiorly, but may also
extend all around the retinal periphery; this find-
ing is usually associated with severe forms of the
disease and needs aggressive therapy [75]
(Fig. 5.7). Retinal changes are represented by
arteriolar winding and vascular sheathing mainly
of peripheral veins, neovascularization, and reti-
nal detachment [74, 75].

Posterior uveitis may show (1) a serous poste-
rior pole detachment (if bilateral, it is difficult to
distinguish from Vogt-Koyanagi-Harada syn-
drome) (Figs. 5.8, 5.9, 5.10, 5.11, and 5.12), (2) a
peripheral multifocal choroiditis with an aspect
similar to that of sarcoidosis (Figs. 5.13 and 5.14),
and/or (3) cotton wool spots, typically followed

Fig.5.5 Lyme disease typical granulomatous uveitis

»

Fig. 5.7 Intermediate uveitis in a Lyme-affected child
(7 years old) with a 360° snowbank at the level of the
pars plana

Fig. 5.6 Spider’s web characteristic Lyme vitreous
inflammation

Fig.5.8 Borrelial unilateral papillitis
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Fig.5.10 Fluorescein angiography (FA) early angiogram

Fig.5.9 Red-free retinography. Unilateral acute papillitis . &k
of Lyme unilateral acute papillitis

Fig.5.11 FA late angiogram of unilateral acute papillitis
showing intense leakage from the optic nerve

Fig.5.12 FA shows full recovery after 1-month systemic
therapy

Fig. 5.13 FA shows RE posterior pole inflammatory
serous detachment Fig.5.14 FA shows LE papillitis (in the same patient)
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by recurrent episodes of anterior uveitis [76, 77].
A distinct clinical entity related to LD posterior
pole involvement is peripheral multifocal choroi-
ditis with multiple small retinal lesions associated
with intraocular inflammation [78, 79].

Retinal vasculitis is actually more frequent
than in previous reports (Fig. 5.15) and involves
both the arterial and the venous system and may
result in vascular occlusion [61, 80, 8I1].

Occlusive vasculitis, mainly of retinal veins, has

Fig. 5.15 Peripheral multifocal choroiditis resembling
sarcoidosis

Fig.5.17 RE autofluorescence patchy area at the poste-
rior pole of RPE inflammation and mottled pigment

a similar retinal
vasculitis.

Panuveitis is rare but a blinding disease [82].

Fluorescein angiography in cases of neuroreti-
nitis may show retinal edema and areas of cystoid
patchy and peripapillary hyperfluorescence in the
macula and peripapillary area; it shows also focal
leakage as a sign of retinal vasculitis which can
affect either veins or arteries [72, 78, 82] (Fig. 5.16
and Figs. 5.17, 5.18, 5.19, 5.20, 5.21, and 5.22).

appearance to syphilitic

Fig. 5.16 FA late angiograms showing diffuse borrelial

retinal vasculitis and cystoid macular edema

Fig.5.18 RE FA epithelitis and mottled pigment
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Fig.5.19 RE ICG-A patchy area at the posterior pole of
RPE inflammation or hypoperfusion
Fig.5.20 LE autofluorescence showing the same aspect
of RE

Fig.5.22 RE ICG-A patchy area at the posterior pole of
RPE inflammation or hypoperfusion

Fig.5.21 RE FA epithelitis and mottled pigment
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5.3  Neuro-ophthalmological

Manifestations

Neuro-ophthalmological manifestations belong
to the early stages of the disease probably due to
the Borrelia blood-brain barrier passage and
include multiple cranial nerve involvement
(Bell’s palsy), optic disc edema both inflamma-
tory and intracranial hypertension derived, late
optic atrophy, and neuroretinitis [83, 84].
Sometimes orbital involvement with myositis
begins with diplopia mimicking neurological
involvement [85].

Optic neuropathy is rare and is characterized
by painless visual loss, unilateral or bilateral
optic nerve head swelling, and ischemic optic
neuropathy [86—88] (Fig. 5.23). If appearing as
the first sign of the disease, it might be
indistinguishable from the first neuritic attack of
multiple sclerosis [89, 90].

5.4 Diagnostic Investigations

LD diagnosis is difficult, and it is mainly
based on medical history, physical examina-
tion, and Lyme infection serological tests.
Ideally, detection of the causative agent via
culture or PCR from infected tissues, blood,
and synovial or cerebrospinal fluid should be
performed; but this can only take place in spe-
cialized laboratories.

Lyme routine screening test, such as immu-
noblot tests (immunofluorescence, ELISA, hem-
agglutination), is still performed by searching
specific antibodies. Hemagglutination test,
although representing a helpful indication toward
the correct diagnosis, cannot yield sure proof of
Lyme borreliosis because of the presence of false
positivity in high percentage [47, 91-94].

The 2™ International Conference on Serologic
Diagnosis of LD (1995) recommended a two-
step approach with at first IgM and IgG ELISA
test followed by Western blotting; following
these recommendations, IgM blot positive results
(with two or three specific bands) are only con-
sidered if occurring during the first 4 weeks of

P. Allegri and C.P. Herbort Jr.

Fig.5.23 FA showing Lyme disease typical retinal secto-
rial vasculitis

infection; IgG blots are applicable at any time of
the disease, but they must be considered positive
only if they have at least five out of ten specific
bands [47].

Some studies assessed the sensitivity and
specificity of these major available tests and
stated that both tests were sensitive means of
support for the diagnosis of LD except for ery-
thema migrans which is diagnostic by itself [48,
91]. Positive IgM and IgG may persist for years
[93]. False-positive results are related to the
cross-reactive antibodies mainly with other
arthropod-derived infections and syphilis.
Antibody titers to Borrelia burgdorferi decrease
after antibiotic treatment [49, 95-98].

Borrelial DNA can be detected by PCR in
the majority of the patients before antibiotic
therapy [99].

Diagnostic criteria, mainly for ocular LD, are
until now only exclusion criteria which are based
on (1) clinical findings consistent with LD, (2)
patient living in an endemic area, (3) positive
serology, and (4) response to antibiotic treatment.

To obtain a correct diagnosis, the physician
has to follow the indications of the Centers for
Disease Control and Prevention and rely upon a
specialized laboratory center provided with
ELISA, Western Blot and PCR testing for
Borrelia Infection. https://www.cdc.gov/lyme
and LymeDisease.org.
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5.5 Differential Diagnosis
Differential diagnosis is essential, mainly in
cases of cross-reactions with syphilis and herpes
viruses. As previously reported, LD is a multifac-
eted disorder which mimics a number of diseases,
thus making the diagnosis very hard to be per-
formed. Subjects suffering from retinal vasculitis
and living in endemic LD areas have to be tested
for Lyme Borreliosis [62].

In early stages, allergic conjunctivitis, kerato-
conus, meningioma, and CNS lymphoma have to
be ruled out.

In late stages, paraneoplastic syndrome, mul-
tiple sclerosis, sarcoidosis, syphilis, and herpetic
infections must be excluded [100].

5.6 Treatment

Prophylactic treatment within 3 days after the
infected tick bite with one dose of 200 mg doxy-
cycline was shown to be effective in preventing
the disease in 87 % of subjects [23, 101, 102].

5.6.1 Prophylaxis and Vaccination
Recombinant vaccines have been developed, but
they are not yet available on the market
[103-108].

5.6.2 Therapeutic Protocol

There is no consensus regarding which therapeu-
tic protocol should be used in the ocular involve-
ment of LD. Specific and early antibiotic therapy
is proven to treat all LD clinical manifestations
[109, 110]. Difficulties can arise in the antibiotic
choice for children or pregnant or breastfeeding
women [111-119].

Specific treatment is shown in Table 5.1.

Children, pregnant, or breastfeeding women
and people allergic to penicillin-derived drugs
have to be given a 2-3 weeks course with eryth-
romycin (500 mg/QID) [115-123].

Reinfections are usually treated in the same
way as first infection [124].

It is proved that chronic persistent LB does not
benefit from antibiotic therapies, even if pro-
longed for over 1 year and although intravenously
administered [125-128].

Table 5.1 Suggested antibiotic treatment for ocular
Lyme disease in adults and children

Adults

Oral use

Doxycycline

2 x 100 mg/day  x
2-3 weeks

Amoxicillin 3 x 500-1000 mg/
day x 2 weeks
Azithromycin 2 x 500 mg first day

followed by 1 x 500 mg
next 4 days (less effective
than amoxicillin)

Cefuroxime axetil

2 x 500 mg/day x
2 weeks

Phenoymethylpenicillin

3x1-1.5MU/day x
2 weeks

Intravenous treatment

Ceftriaxone IV

2 g/day x 2—4 weeks or
other third-generation
cephalosporins (i.e.,
cefotaxime)

Penicillin G 20 MU/day x 2-4 weeks
Children
Oral use
Amoxicillin 3 x 25-50 mg/kg/day x
2 weeks
Azithromycin 2 x 20 mg/kg/day first

day followed by 10 mg/
kg/day next 4 days (less
effective than
amoxicillin)

Cefuroxime axetil

2 x 30-40 mg/kg/day  x
2 weeks

Phenoymethylpenicillin

3 x0.1-0.15 MU/Kg/
day x 2 weeks

Intravenous treatment

Ceftriaxone

50-100 mg/kg  x
2—-4 weeks or other
third-generation
cephalosporins
(i.e., cefotaxime)

Penicillin G

0.25-0.5 MU/day x
2-4 weeks
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When the nervous system is affected by
Lyme disease, an aggressive intravenous anti-
biotic treatment is usually necessary although
some patients develop persistent neurologic
symptoms (multiple recurrences or long-lasting
disease) [83].

Treatment failure is rare and sometimes bound
to Borrelia persistence within the involved tis-
sues with consequent tissue damage or postinfec-
tive autoimmune syndrome and sometimes
associated with a late correct therapeutic
approach related to a first wrong diagnosis in
subjects with arthritis. Frequently, in facts,
patients affected by systemic LD are misdiag-
nosed with many autoimmune diseases, i.e. mul-
tiple sclerosis, rheumatoid arthritis, juvenile
idiopathic arthritis, fibromyalgia and erroneously
treated, converting a treatable infectious disease
into a chronic illness [127].

Local corticosteroids are used to treat con-
junctivitis, episcleritis, scleritis, or anterior
uveitis, and they are usually combined with
cycloplegics.

Systemic corticosteroids are used to treat pos-
terior severe involvement or neuro-ophthalmic
complications.

Immune-suppressive treatment is usually con-
traindicated in this disease [55].

Conclusions

Lyme disease is a multifaceted body infection
in continuous expansion; its ocular manifesta-
tions can involve many of the ocular structures
and occur at any stage of the disease. An early
diagnosis based on a careful history of a
patient living in an endemic area and typical
systemic or local (ocular) signs can prevent
the evolution to a chronic difficult-to-treat
condition.
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Cat-Scratch Disease

Andre L. Curi and Rim Kahloun

6.1 Introduction

Cat-scratch disease (CSD) is a worldwide distrib-
uted self-limited, systemic illness caused by the
gram-negative bacillus, Bartonella henselae. An
array of ocular manifestations, dominated by
neuroretinitis and retinitis, has been described in
association with CSD [1-3].

6.2 Epidemiology
CSD is a worldwide zoonotic infection. The preva-
lence of CSD disease in the USA is approximately
22,000 cases per year [4]. In the Netherlands the
incidence of CSD was estimated to be 2000 cases
per year [2]. The seroprevalence of Bartonella
henselae in Brazil is approximately 10 % [5].
Children and young adults are reported to be
at increased risk for systemic B. henselae infec-
tion, which appears to have a seasonal pattern,
occurring predominantly in the fall and winter
[3]. HIV positivity may be a risk factor for
Bartonella infection [2].
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Ocular involvement occurs in 5-10 % of
patients with cat-scratch disease [6].

6.3  Pathophysiology

The principal mode of transmission is through a
cat scratch or bite. It has been shown that approx-
imately 30 % of the patients denied any bite or
scratch, but almost all of the patients have history
of close contact with cats [7]. The cat flea may
participate in the transmission of the bacteria
among cats and from cat to human.

CSD can present different immunological
responses causing inflammatory response with
histiocytes, lymphocytes, giant cells, and necrosis.
In immunosuppressed patients, it tends to present
a vasoproliferative response. A close relationship
between the bacteria and vascular endothelium has
been demonstrated in experimental models [8, 9].

The eye can be involved either with the pri-
mary inoculation complex, resulting in Parinaud’s
oculoglandular syndrome, or by hematogenous
spread, leading to an array of ocular and neuro-
ophthalmic manifestations.

6.4 Clinical Features

6.4.1 Systemic Disease

The systemic condition is characterized by fever
associated with regional lymphadenopathy, gen-
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erally near the site of the scratch. Patients present
a pustule or papule of three to ten days after inoc-
ulation. The systemic condition is subject to dif-
ferential diagnosis against febrile diseases such
as infectious mononucleosis and systemic toxo-
plasmosis. Roughly 70 % of patients with ocular
diseases will present some kind of symptoms [7].

More serious systemic cases can occur, par-
ticularly within the immunocompromised popu-
lation, including endocarditis, encephalitis,
aseptic meningitis, pneumonia, osteomyelitis,
and hepatosplenic disease [3].

6.4.2 Ocular Disease

The ocular symptoms are extremely variable. The
disease was originally described as a granuloma-
tous conjunctivitis associated with necrosis and
preauricular lymphadenopathy called Parinaud’s
oculoglandular syndrome [10]. CSD has been
occasionally associated with conjunctival
involvement simulating rhabdomyosarcoma [11],
orbital abscess [12], disciform keratitis [13, 14],
peripheral ulcerative keratitis [15], and anterior
uveitis [16, 17].

The classic manifestation of intraocular CSD
is neuroretinitis. In a recent case series, CSD has
been reported in 30.8 % of neuroretinitis cases
[18]. The ocular condition is usually unilateral,
but bilateral cases have also been reported. Visual
symptoms usually follow the inoculation by
approximately 4 weeks and the systemic symp-
toms by 2 to 3 weeks. The most common com-
plaint is decreased vision, with visual acuity
ranging from 20720 to light perception. A relative
afferent pupillary defect, dyschromatopsia, and a
visual field defect are usually seen. Mild anterior
chamber and vitreous inflammation is also com-
mon [19]. Fundus examination typically shows
optic disc edema associated with exudates in the
form of a partial or complete macular star (Fig.
6.1a). The optic disc edema occurs approximately
1 week prior to the development of stellate macu-
lopathy, which therefore may be absent at the time
of initial presentation. The optic nerve involve-
ment leads to peripapillary retinal thickening and,
frequently, an exudative retinal detachment [20].

Intraretinal hemorrhages or telangiectatic vessels
may be seen [21]. Fluorescein angiography
shows leakage from the optic disc with no evi-
dence of capillary abnormality in the macular
area [22] (Fig. 6.1b). Indocyanine green angiog-
raphy also may show optic disc hyperfluores-
cence. Optical coherence tomography may be
helpful in detecting exudative retinal detachment
[23] (Fig. 6.1c¢).

Neuroretinitis usually has a self-limited
course, with most patients recovering good visual
acuity over a period of several weeks [19]. The
macular star usually resolves in approximately 2
to 3 months, but it may be present for up to 1 year.
A few patients may be left with mild pallor of the
optic disc [24]. Retinal pigment epithelium
changes also may develop after a resolution of a
prominent macular star.

CSD may occasionally present with a large
inflammatory mass or exudate of the optic nerve
head [25].

Unifocal or multifocal white areas of inner
retinitis or chorioretinitis, of 50-100 microns,
typically juxtavascular in location, may accom-
pany neuroretinitis or occur in the absence of
obvious optic disc involvement [7, 19, 26-28]
(Fig. 6.2). Such retinal lesions were found to be
more common than neuroretinitis by some
authors [27] (Fig. 6.3).

Branch retinal arteriolar occlusion [24, 26, 27,
29, 30] may be associated with an area of focal
retinitis. A case of central retinal artery and vein
occlusion has been reported [31].

Less common chorioretinal manifestations of
CSD include large inflammatory retinal mass in
the posterior pole [25], subretinal mass with or
without associated abnormal vascular network
[32], intermediate uveitis with retinal vasculi-
tis[33], unilateral panuveitis with clinical and
fluorescein angiographic features simulating
Vogt-Koyanagi-Harada disease [34], isolated
serous macular detachment [35], serous macular
detachment simulating central serous chorioreti-
nopathy [36], macular hole [37, 38], and vitreous
hemorrhage [39].

Due to the relationship between Bartonella
and vascular endothelium, chorioretinal vasopro-
liferative lesions are observed, which are more
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Fig.6.1 (a) Fundus photograph of the left eye of a patient
with cat-scratch disease shows optic disc edema with tel-
angiectasis, a complete macular star, and a peripapillary
serous retinal detachment. (b) Late-phase fluorescein

commonly found in immunosuppressed patients
despite not being exclusive [31, 32].

6.5 Diagnosis

The diagnosis of CSD is based on epidemiologi-
cal data, medical history, serology, polymerase
chain reaction, and pathology. Despite the use of
various data in diagnosing the disease, in practice
it is the positive blood test that is considered as
the decisive diagnostic information.

The epidemiological history is fundamental
when diagnosis is suspected; therefore close
contact with domestic animals is of prime sig-
nificance. In a study conducted with patients
with intraocular lesions of CSD, 100 % of the

angiogram shows optic disc hyperfluorescence with a nor-
mal macula. (¢) Spectral domain optical coherence
tomography shows macular serous detachment with cys-
toid macular edema

patients confirmed contact with a cat and roughly
65 % remembered having been scratched. In
relation to the medical history, in a recent study,
it was found that approximately 65 % of the
patients with the ocular disease manifested some
kind of systemic symptoms, findings also
reported by Curi et al. [7].

Serology is the gold standard for diagnosis,
with IgG for B. henselae positive indicating pre-
vious contact with the bacteria. In a population
study, approximately 10 % of healthy individuals
tested positive for Bartonella (IgG) [40, 41].
Recent or acute infection is diagnosed by IgG
titers of greater than 1:256.

Polymerase chain reaction presents high spec-
ificity, but low sensitivity for cases of ocular dis-
ease [42, 43].
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Fig. 6.2 (a) Fundus autofluorescence of the left eye of a  ence tomography shows peripapillary serous detachment
patient with neuroretinitis related to cat-scratch disease  with intraretinal macular hyperreflective dots related to
shows peripapillary hypoautofluorescence and hypoauto-  macular hard exudates

fluorescent striae in the macular area. (b) Optical coher-

Fig. 6.3 Fundus photographs of a patient with cat-scratch disease show bilateral small retinal infiltrates without associ-
ated neuroretinitis
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6.6 Differential Diagnosis
Differential diagnosis of retinitis and chorioreti-
nitis associated with CSD includes toxoplasmo-
sis retinochoroiditis, syphilis, rickettsiosis, Lyme
disease, chikungunya, and Behget disease.

Causes of neuroretinitis such as tuberculosis,
sarcoidosis, toxoplasmosis, syphilis, varicella,
herpes simplex, diffuse unilateral subacute neu-
roretinitis (DUSN), leptospirosis, and recurrent
idiopathic neuroretinitis should always be con-
sidered as differential diagnosis of Bartonella
neuroretinitis. Noninflammatory conditions that
cause optic disc edema and macular star are also
included in the differential diagnosis including
diabetes, systemic hypertension, branch retinal
vein occlusion, and anterior ischemic optic neu-
ropathy [44].

The differential diagnosis of Parinaud’s
oculoglandular syndrome includes tularemia,
syphilis, tuberculosis, sporotrichosis, lympho-
granuloma venereum, pasteurellosis, Lyme dis-
ease, listerellosis, adenoviral infection, herpes
simplex type 1 infection, mononucleosis, and
rickettsioses [45, 46].

6.7 Management

Treatment of the ocular disease is still a subject
of debate. Older works described CSD as a self-
limited condition, but some benefits of antibiotic
use have been observed.

Curi et al. found a significant number of
patients with accentuated loss of visual acuity in
presentation who showed improvement after
antibiotic treatment.

Currently antibiotics are recommended to
treat the secondary ocular symptoms of CSD:
doxycycline100mg every 12 hours for 1 month.
Other antibiotics have also been used with good
response such as ciprofloxacin, azithromycin,
rifampin, and trimethoprim-sulfamethoxazole
[47]. In case of severe infection, doxycycline
may be given intravenously or used in combina-
tion with rifampin, 300 mg orally twice daily.
Children with CSD may be treated with
azithromycin.

Among immunocompromised individuals,
treatment is extended for 4 months [3]. In HIV
seropositive patients, this timeframe is unknown,
as relapse is possible after suspension of the anti-
biotic treatment. The CD4 count might be an
important factor in the decision-making as
regards the suspension of medication. Therefore,
it is suggested that medication only be suspended
when the CD4 count has increased, as occurs in
other opportunist ocular diseases, such as cyto-
megalovirus  retinitis  and  toxoplasmic
retinochoroiditis.

Paradoxical response to treatment has been
reported in ocular bartonellosis [48].

The role of systemic steroids in CSD is
unknown and still debatable [49].

Prevention of CSD includes wash and disin-
fection of any wounds immediately after a cat
scratch or bite and avoids contact with stray
felines.

6.8 Prognosis

The prognosis of systemic disease is usually
good in immunocompetent patients. In immuno-
compromised patients, even complications, prog-
nosis is good provided appropriate and timely
treatment [1, 3].

The prognosis of ocular disease is usually
good with complete recovery of visual acuity in
most patients. Few patients keep complaining of
visual field loss for many months. In patients
with neuroretinitis, macular exudates may take
months to resolve. A few patients may be left
with optic disc pallor or atrophy [24].

Core Messages

— Cat-scratch disease is a self-limited sys-
temic illness caused by a gram-negative
bacillus, Bartonella henselae, and char-
acterized by regional lymphadenopathy
with associated febrile illness.

— Neuroretinitis is the most typical ocular
manifestation of cat-scratch disease, but
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— Treatment

an array of other ocular changes may
occur including Parinaud’s oculoglan-
dular syndrome, retinitis, chorioretini-
tis, and vascular changes.

— Diagnosis is primarily based on clinical

findings and confirmed by serology and/
or PCR.

is based on antibiotics,
mainly doxycycline.
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Amod Gupta and Reema Bansal

7.1 Introduction

Tuberculosis is a major public health problem
worldwide and has been recognized as one of the
common causes of infectious uveitis in develop-
ing countries [1]. Intraocular tuberculosis (TB) is
one of the rare forms of extrapulmonary TB. It
usually occurs without concomitant pulmonary
or other systemic TB. Any part of the eye can get
affected by Mycobacterium tuberculosis (MTB).
It has protean manifestations, and the diagnosis is
often presumed by a set of clinical signs and cor-
roborative laboratory evidence.

7.2  Epidemiology

Reports from different regions of the world indi-
cate that the prevalence of ocular TB ranges from
0.39 % (South India) to 10.5 % (Saudi Arabia)
[2-10]. In developing countries, the prevalence
of intraocular TB among uveitis patients is about
10 % [11] and less than 1 % in the USA [12].
Different regions within the same country have
also shown variations [13]. While it is reported to
be 0.39 % in South India [2], a study from North
India has shown prevalence of 9.86 % [3].
Recently, ocular TB has been found to be more
common in Los Angeles (six patients with prob-

A. Gupta (0<)) « R. Bansal
Advanced Eye Centre, PGIMER, Chandigarh, India

© Springer International Publishing Switzerland 2017

able or definite TB out of 142 consecutive uveitis
patients) [14] than in Chicago (14 patients with
ocular TB out of 3606 uveitis patients in a 16-year
period) [15]. Recently, there is a growing evi-
dence of ocular TB from countries with low or
intermediate burden of TB [15-21].

7.3  Pathophysiology

In extrapulmonary TB, the tubercle bacilli, after
inhalation into the lungs, are believed to dissemi-
nate into the distant organs via hematogenous or
lymphatic route. The active infection of extrapul-
monary tissues may occur during primary infec-
tion or upon reactivation of the latent infection.
As the intraocular tissues remain difficult to be
biopsied, the exact mechanism of intraocular TB
remains unclear. However, a significant under-
standing of the pathogenesis has been recently
provided in a few experimental studies. Rao et al.
offered an excellent model of ocular TB to
address its pathogenesis. They exposed the
guinea pig lungs to MTB via an aerosol delivery
of the organisms that led to its hematogenous dis-
semination [22]. All animals developed pulmo-
nary lesions, with dissemination to the spleen. Of
six animals receiving no antitubercular therapy
(ATT), ocular lesions developed in 42 % eyes.
The granulomatous reaction seen on histological
analysis of lungs and ocular tissues was similar to
that seen in humans with TB. In the second group
of four guinea pigs receiving ATT 14 days after
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infection, none showed granulomatous inflam-
mation, suggesting the role of systemic anti-TB
drugs in preventing ocular TB. The similarity
between guinea pig model of TB and humans
with TB was also reflected by development of
pulmonary TB in all animals and ocular TB in
some of them.

Vascular endothelial growth factor (VEGF)
has been used as a biomarker for active TB dis-
ease. In another animal model of ocular TB fol-
lowing aerosol delivery of MTB in guinea pigs,
Thayil et al. demonstrated microbiological, histo-
logical, and clinical features of intraocular TB
infection [23]. The retinal pigment epithelium
(RPE) and photoreceptors demonstrated VEGF
expression, and choroidal granulomas showed
reduced oxygen tension. The authors hypothe-
sized that VEGF upregulation in lungs and RPE
occurred through inflammatory mediators of
MTB infection and/or local inflammation caus-
ing tissue hypoxia. Their results suggested a
hematogenous route of intraocular infection
rather than direct inoculation.

The presence of MTB genome within the reti-
nal pigment epithelium (RPE) cells was first
demonstrated by Rao et al. in an enucleated globe
with panuveitis [24]. The authors suggested a
preferential localization of the MTB within the
RPE, providing the site for reactivation that may
manifest clinically as choroiditis.

Nazari et al. investigated the mechanism of
MTB phagocytosis and its growth in the RPE
compared to macrophages [25]. They suggested
that MTB is readily phagocytized by the RPE in
a manner similar to macrophages, but the viabil-
ity of RPE is not affected by the intracellular
MTB. They control the bacillary growth (better
than the macrophages) and, hence, can act as res-
ervoirs for intraocular MTB infection.

7.4 Clinical Features

7.4.1 Systemic Disease

Ocular involvement in patients with active pul-
monary TB is extremely rare (1.4-6.8 %) [26—
28]. Majority of ocular TB cases occur as

isolated disease, with very few associated with
extraocular TB. In a study on consecutive
patients with a diagnosis of ocular TB at a cen-
ter in Italy, 45 patients had isolated ocular TB,
and 17 had ocular TB with extraocular TB [29].
In Spain, 18 % of patients with culture-proven
systemic TB had intraocular TB [30]. We found
a very low rate (3 %) of systemic TB in our
series of patients with presumed intraocular
TB [31].

7.4.2 Ocular Disease

Men and women are equally affected in any age.
There is a lack of consensus on clinical diagnos-
tic criteria for intraocular TB [32, 33]. The clini-
cal spectrum of intraocular TB is highly variable
and may mimic features of other uveitides. While
granulomatous anterior uveitis is common in
intraocular TB, the presence of mutton-fat keratic
precipitates needs exclusion of other known
causes such as viral uveitis, sarcoidosis, Vogt-
Koyanagi-Harada (VKH) disease, sympathetic
ophthalmia, or syphilis.

7.4.2.1 Ocular Surface Disease

The primary eyelid TB is a rare condition, and it
occurs usually secondarily to orbital involve-
ment. It can manifest as a chronic painless swell-
ing, discharging sinus, chalazion, or an atypical
lid swelling after blepharoplasty [34—37]. Orbital
TB may involve the lacrimal gland as dacryoad-
enitis [38, 39], soft tissue as tuberculoma or cold
abscess with or without bony involvement, and
periosteum as classic periostitis or may spread
from paranasal sinuses [40—42]. It may masquer-
ade as an orbital malignancy in the presence of
proptosis [43].

Conjunctival involvement in TB may manifest
as chronic conjunctivitis (ulceration, epibulbar
mass, papillary lesion) [44], allergic conjunctivi-
tis in a child [45], chronic conjunctivitis with
neighboring cutaneous TB [46, 47], or a tubercu-
loma [48]. Corneal involvement may manifest as
phlyctenular  keratoconjunctivitis [49] and
chronic red eye [50]. Involvement of sclera may
occur as nodular episcleritis [51], sclerouveitis
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masquerading as ocular tumor [52], or posterior
scleritis [53]. Infective scleritis in immunosup-
pressed patients may occur as a result of reactiva-
tion of latent MTB [54].

7.4.2.2 Anterior Uveitis

Anterior uveitis in intraocular TB is usually
granulomatous with mutton-fat keratic precipi-
tates (Fig. 7.1) [55-62]. It may be unilateral or
bilateral. Iris nodules are less frequent, which
are seen on pupillary border or iris surface.
Chronic recurrent inflammation produces poste-
rior synechiae, which are usually broad based,
and has been found to be strong clinical predic-
tors of TB uveitis, as compared to other etiolo-
gies [16, 62, 63]. Other rare features may
include acute anterior uveitis [64] and hypo-
pyon [65, 66].

7.4.2.3 Intermediate Uveitis

It presents with vitritis, snowballs, peripheral
retinal phlebitis, and peripheral vascular sheath-
ing. Cystoid macular edema is the cause of visual
loss. In a study from high-endemic setting, TB
was found the commonest etiology in a series of
intermediate uveitis patients [67]. It may some-
times present as chronic, low-grade vitritis with
phlebitis. In Singapore, a country with intermedi-
ate TB burden, significant vitritis and phlebitis
were more commonly associated with latent TB
infection [16].

Fig.7.1 Slit lamp photograph of the left eye of a 45-year-
old female with tubercular anterior uveitis showing
mutton-fat keratic precipitates
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7.4.2.4 Posterior Uveitis

Choroidal TB

This is the commonest form of uveitis associated
with TB [12, 31, 62, 68-70]. Choroidal tubercles
were the earliest sign described in ocular TB in
children with miliary tuberculosis [71]. They
may be solitary or multiple in numbers and are
usually diagnostic of disseminated TB, indicat-
ing a hematogenous spread of tubercle bacilli
[72-78]. On fundus fluorescein angiography
(FFA), they show an initial hypofluorescence
followed by a late hyperfluorescence, with a per-
itubercular hyperfluorescence, suggesting active
focal infection and inflammation [79]. They heal
with atrophic scars and variable pigmentation.
Optical coherence tomography (OCT) shows a
raised RPE-choriocapillaris complex in the ini-
tial active stage with normal overlying retina and
flattening of this region with scarring underneath
[80]. While tubercles are small in size
(0.2 mm-3 mm) and larger in numbers, a tuber-
culoma is larger in size (4 mm-14 mm) and
appears predominantly in the posterior pole as a
subretinal granuloma with surrounding exuda-
tive retinal detachment [81-84]. Caseation
results from rapid bacillary growth within the
granuloma and can be seen histopathologically
in these abscesses [85]. A subretinal abscess
may have overlying hemorrhages and develop
retinal angiomatosis proliferans [86]. Larger
tuberculomas may masquerade as ocular tumors
[87]. The OCT shows retinal elevation with
subretinal fluid that resolves with ATT and oral
corticosteroids [88].

Multifocal serpiginoid choroiditis (MSC,
previously called serpiginous-like choroiditis) is
highly specific of tubercular uveitis [62]. It may
be unilateral or bilateral and frequently affects
young healthy males. Vitritis is often present.
The lesions are multifocal and noncontiguous to
optic disc and spread in a serpiginous pattern.
They usually involve both the posterior pole and
peripheral fundus and respond very well to ATT
and oral corticosteroids (Fig. 7.2) [89, 90].
Despite initial aggressive inflammation involv-
ing the macula, the fovea is spared, and the
patients maintain a good final visual acuity. On
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Fig. 7.2 Fundus photographs of a 31-year-old female
with healed lesions of multifocal serpiginoid choroiditis in
the right eye (a) and active lesions in the left eye (b) that
showed hyperfluorescence in the late phase of fluorescein

healing, the scars show significant pigmenta-
tion. It bears significant differences from the
classic serpiginous choroiditis (SC), which
affects elderly patients that has juxtapapillary,
large, solitary lesions with minimal or no vitritis
[91, 92]. The classic SC shows relentless pro-
gression and recurrent episodes despite cortico-
steroids and immunosuppressive agents and
causes significant visual morbidity. In MSC,
anterior segment inflammation and retinal vas-
culitis are rare [89, 93]. On FFA, the active
lesions exhibit hypofluorescence in an early
phase and progressively become hyperfluores-
cent in late phases, and the healed lesions (scars)
show window defects [89, 94]. On indocyanine
green angiography (ICGA), the lesions appear
hypofluorescent in early, intermediate, and late
phases [89, 94, 95]. The lesions show a charac-
teristic pattern on fundus autofluorescence
(FAF) imaging as they evolve from an acute

angiography (c). The QuantiFERON-TB Gold (QFT) test
was positive. Following treatment with oral corticosteroids
and antitubercular therapy, the left eye showed healed
lesions at 21 months (d) that were hypoautofluorescent (e)

stage to the healed stage, and this modality can
be reliably used for clinical monitoring of the
patients [94, 96]. The multimodal imaging with
OCT reveals outer retinal morphological
changes in the form of RPE-photoreceptor dis-
ruption in acute stages, followed by their atro-
phy as the lesions heal [97].

Retinal Vasculitis

It affects males more commonly than the females.
It usually occurs without any systemic associa-
tion. Previously called Eales’ disease, its associa-
tion with MTB has been reported by several
studies [98—100]. It may be unilateral or bilateral
and focal or diffuse, involving veins more com-
monly than the arteries. Perivascular infiltrates
are seen as cuffing and are frequently associated
with retinal hemorrhages. Vitritis is almost
always present [101]. Snowball opacities, neuro-
retinitis, cystoid macular edema (CME), and
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branch retinal vein/artery occlusion are com-
monly associated with tubercular retinal vasculi-
tis. The FFA shows staining and leakage from the
vessel walls (which may be focal or diffuse),
CME, optic disc staining, and typical occlusive
nature of the vasculitis in the form of peripheral
capillary nonperfusion (Fig. 7.3). Rosen et al.
found ischemic retinal vasculitis as the most
common form of uveitis in their series with a
marked tendency to neovascularization [50].
Vitreous hemorrhage, neovascularization of the
optic disc or elsewhere in the retina, and trac-
tional retinal detachment result from untreated
occlusive disease. Advanced cases may present
with combined retinal detachment and iris or
angle neovascularization.

It is frequently accompanied by choroiditis,
which may be healed or active. The presence of
retinal vasculitis with perivascular choroiditis
scars has been found to be highly specific for TB
in endemic countries [62, 102]. Central retinal
vein occlusion (ischemic) and frosted branch
angiitis are rare presentations [103, 104]. Active
retinal vasculitis responds well to oral cortico-
steroids and ATT [31]. Laser photocoagulation
and vitrectomy are required for neovascular
sequelae.

Endophthalmitis and Panophthalmitis

These are atypical presentations in ocular TB and
may mimic as ocular tumors [65, 66, 87, 105—
108]. Diagnosis in these cases is confirmed by
microbiological/histopathological evidence of
MTB.

Optic Nerve Involvement

Involvement of optic nerve in ocular TB can
result from direct infection or a hypersensitivity
reaction and can present as optic disc tubercle,
neuroretinitis, optic neuritis, retrobulbar neuritis,
and papillitis [109-111].

7.5 Diagnosis

In the absence of a gold standard laboratory test
demonstrating MTB in intraocular tissues, the
diagnosis of intraocular TB presents a unique

challenge and is restricted to a presumptive
diagnosis by the clinical signs and corroborative
evidence. Further, the lack of uniform diagnostic
criteria adds to difficulties in diagnosing intra-
ocular TB. Recently, Gupta et al. proposed a new
classification system, based on clinical signs and
diagnostic tests, for diagnosing intraocular TB as
confirmed, probable, or possible intraocular TB
[70]. According to this classification, a patient
with a clinical sign(s) suggestive of ocular TB
and microbiological confirmation of MTB from
ocular fluids/tissues is diagnosed to have “con-
firmed ocular TB.” A patient with suggestive
clinical sign(s), exposure to TB/immunological
evidence of TB, along with clinical/radiological/
microbiological evidence of TB infection in
extraocular sites would be diagnosed as “proba-
ble ocular TB.” “Possible ocular TB” is diag-
nosed in the presence of a clinical sign of ocular
TB, either with exposure to TB/immunological
evidence of TBs or with clinical/radiological evi-
dence of extraocular TB.

7.6  Indirect Evidence

Besides the clinical signs, corroborative evidence
is provided by a positive tuberculin skin test
(TST), or a positive interferon gamma release
assays (IGRA), or radiological findings suggest-
ing old or active TB on a chest X ray, or evidence
of manifest TB elsewhere, exclusion of other
causes of uveitis, and a positive response to
ATT. The TST has been used since long for diag-
nosing and treating ocular TB due to its low cost
and wide availability. The association of latent
TB (as diagnosed by a positive TST) and uveitis
has been shown in an endemic setting in the form
of a favorable therapeutic response to ATT [31].
It, however, has its own limitations such as inabil-
ity to distinguish between latent and manifest TB
or between tuberculous and nontuberculous
mycobacteria, false-positive (due to prior BCG
vaccination or infection by atypical mycobacte-
ria) or false-negative (immunocompromised state
such as HIV infection) results, errors in conduct-
ing or interpreting the result, and need for a dou-
ble visit by the patient. In a series of definite
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Fig. 7.3 Right eye fundus photograph (a) and fluorescein
angiogram (b) of a 22-year-old male (having undergone pars
plana vitrectomy and laser photocoagulation for vitreous
hemorrhage in the past) with active retinal vasculitis and cys-
toid macular edema. The left eye also had active retinal vas-

culitis (¢, d) with peripheral areas of capillary non-perfusion
seen on fluorescein angiography (e). The tuberculin skin test
was 17 x 18 mm. He received oral corticosteroids and anti-
tubercular therapy, along with laser photocoagulation in left
eye. At 16 months, both the eyes were quiescent (£, g)
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Fig. 7.3 (continued)

ocular TB cases, 40 % patients did not have a
positive TST [112].

The more recent IGRAs have improved the
specificity of a previous exposure to MTB, as
they are not influenced by BCG vaccination or
nontuberculous mycobacteria. Both TST and
IGRAs indirectly detect an immune response to
recent or prior exposure to MTB. The genomic
region of MTB complex encodes several anti-
gens that elicit a severe immunogenic response
involving helper T cells, which can be mea-
sured in vitro through quantification of inter-
feron gamma or interferon gamma-producing T
cells by the IGRAs. But they also, like the TST,
lack the ability to differentiate latent from man-
ifest TB. QuantiFERON-TB Gold (QFT)
In-Tube (Cellestis Inc., Carnegie, Australia)
has been proved only slightly superior to TST
in diagnosing TB uveitis [112]. On the other
hand, Gineys et al. have used its cutoff value as
a measure to identify cases of TB-related ocular
inflammation that can benefit from ATT [113].
In a more recent prospective study on patients
with  TB-associated uveitis, T-SPOT.TB
(Oxford Immunotec, Oxford, United Kingdom)
test was found less sensitive but more specific
than TST in populations with high prevalence
of TB-associated uveitis, and hence, the authors
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concluded that TST should be the first-choice
test in this population, while in low
TB-prevalence populations, T-SPOT.TB test
should be preferred to TST [114].

A recent survey among specialists dealing
with different forms of TB (uveitis experts, pul-
monologists, and rheumatologists) in India
reported that the use of QFT Gold test in clinical
practice was limited by its increased cost and
limited data from India related to interpretation
of the result [115].

Radiological evidence is usually sought in
the chest X ray, as lungs are the primary sites of
TB infection. Any evidence of present or previ-
ous TB on chest X ray increases the probability
of uveitis being tubercular in origin, but this is
rare as majority of intraocular TB cases occur
in the absence of pulmonary TB. The reliability
on chest X ray findings reduces further as some
patients with primary TB may have a normal
chest X ray [116]. Such patients need CT scan
of the chest as a useful alternative [117]. In a
series of definite ocular TB cases, 57 % had
negative chest radiograph results [118].
Although usually inconclusive, chest X rays
still form an integral part of the baseline labo-
ratory workup of a patient with suspected TB
uveitis.
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When the above conventional radiological
tests are negative, positron emission tomography-
computed tomography (PET-CT) is useful in
establishing TB as the cause of uveitis by demon-
strating uptake of fluorodeoxyglucose (FDG) in
metabolically active TB lesions [119, 120]. In
patients with presumed ocular TB, Doycheva
et al. demonstrated positive PET-CT findings in
extraocular sites (mediastinal or hilar lymph
nodes) in 45 % patients, which were diagnosed
and treated accordingly [119]. While some
patients may not demonstrate any systemic
uptake at all, others may show an increased FDG
uptake in various extraocular sites (pulmonary,
extrapulmonary, or disseminated) suggesting a
more widespread disease than presumed by the
ophthalmologist [121]. There is, however, an
insufficient evidence to suggest the use of
PET-CT as a routine imaging modality in tuber-
cular uveitis due to its high cost and limited
reports of its use in uveitis diagnosis and
management.

While conventional PCR showed a low sensitiv-
ity and high specificity, multi-targeted PCR has
emerged as a novel method by detecting differ-
ent MTB genomes in intraocular samples and
has shown an improved sensitivity [125].
Quantitative PCR (qPCR) is a fast method with
minimum risk of cross contamination, which
additionally quantifies the bacterial load in the
tested sample [24, 126]. However, these tests
require laboratories with good research facilities
and, hence, remain limited only to resourceful
settings. Further, poor correlation between qPCR
and AFB results has been reported by
Wroblewski et al., in which two out of three
qPCR-positive patients did not show AFB in tis-
sue sections [118]. One patient with positive
AFB results had negative PCR results. Negative
PCR results cannot exclude the diagnosis due to
low sensitivity. Also, while performing these
tests, the limited role of PCR technology in ocu-
lar TB should be kept in mind as suggested in
paucibacillary form of cutaneous TB [127].

7.7 Direct Evidence
Demonstration of MTB in intraocular specimens
(fluid or tissue) provides a direct and definitive
evidence of intraocular TB. Smear positivity for
acid-fast bacilli is extremely rare from ocular
samples, due to low yield of fluid volume (aque-
ous/vitreous) as well as paucibacillary nature of
intraocular TB [112]. Laborious and delayed cul-
ture reports often show no growth from ocular
samples. Moreover, the risk of damage to ocular
structures while sampling intraocular tissue/fluid
adds limitations to performing histopathological
diagnosis. Destructive interventions like eviscer-
ation or whole globe enucleation may require to
be undertaken in cases of ocular TB masquerad-
ing as purulent ocular infections or tumors [85,
87] or those showing progressive worsening
despite systemic corticosteroid treatment [24].
Although histopathological evidence forms the
gold standard for diagnosing intraocular TB, it is
never used as a first-line investigative tool.
Polymerase chain reaction (PCR) has long
been reported in tubercular uveitis [101, 122-124].

7.8 Newer Diagnostic Tools

and Drug Resistance

The diagnostic armamentarium of intraocular
TB has seen significant recent advances. While
drug resistance has been a major health problem
in pulmonary and extrapulmonary TB, it has
been recently detected in intraocular TB [128-
130]. The Xpert MTB/RIF assay (Cepheid,
Sunnyvale, California) was approved by the
WHO in 2010 for diagnosis of pulmonary TB
[131]. It detects MTB DNA and simultaneously
tests its susceptibility to rifampicin (RIF). The
other advantages include quick results and elimi-
nation of cross contamination. High sensitivities
and specificities have been reported from pulmo-
nary and extrapulmonary samples [132-134].
The line probe assay [GenoType MTBDRplus
(Hain Lifescience, GmbH, Nehren, Germany)]
simultaneously detects MTB DNA as well as
RIF and isoniazid (INH) resistance and produces
results within about 5 h [135, 136]. In our experi-
ence, while both tests had low sensitivities (40 %
and 60 %, respectively) for detecting MTB
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genome in a series of patients with MSC, they
detected multidrug-resistant (MDR) tubercular
uveitis in patients showing poor response to con-
ventional four-drug ATT [130]. Early detection
of MDR in intraocular TB is of immense rele-
vance to prevent ocular morbidity, particularly in
cases showing poor initial response, paradoxical
worsening, or with atypical presentation.
However, these rapid molecular tests have cost
issues and need skill and specialized infrastruc-
ture, making their suitability restricted to tertiary
care centers.

7.9 Management

There are no specific guidelines on the treatment
protocol of intraocular TB [33]. There is a wide
heterogeneity among uveitis specialists world-
wide in the approach to diagnosis and manage-
ment of ocular TB [32]. As an empirical
treatment, ATT has been shown to be highly
effective in reducing recurrence of uveitis when
given with anti-inflammatory therapy in patients
with presumed tubercular uveitis in endemic as
well as low-endemic countries [31, 137, 138].
While corticosteroids are administered along
with ATT and tapered as per the clinician’s dis-
cretion depending upon the clinical response,
ATT is administered for a prolonged duration in
ocular TB, as recommended for any extrapulmo-
nary site that is slow to respond to therapy [139].
Duration of more than minimum 9 months has
been associated with an 11-fold reduction of
recurrence of uveitis in a retrospective study
[138]. Exclusion of other systemic disease or his-
tory of exposure to TB in non-endemic regions
have been suggested as important factors in con-
sidering ATT in patients with relevant clinical
presentation [138, 140]. Despite these sugges-
tions, a simple algorithm still remains to be pro-
posed for treating ocular TB. The conventional
four-drug ATT comprises of isoniazid, rifampi-
cin, ethambutol, and pyrazinamide for initial
2 months, followed by isoniazid and rifampicin
for another 9-10 months, along with pyridoxine
supplementation. Since most patients benefit
from empiric ATT when started timely, an under-

diagnosis would cause visual morbidity in an oth-
erwise treatable uveitic entity. On the other hand,
a judicious combination of clinical presentation
and laboratory results is required to avoid over-
treatment, as the ATT is expensive and poten-
tially toxic. Besides potential drug toxicities,
ATT may cause paradoxical response that is well
known in pulmonary and extrapulmonary
TB. Worsening of inflammation or the develop-
ment of new lesions has been well documented in
the eye after initiating ATT for ocular TB [141-
145]. Although addition or rise of corticosteroids
resolves this phenomenon, its occurrence in the
eye may complicate judgment by raising several
concerns such as poor compliance, drug resis-
tance, disease relapse, or a nontubercular
etiology.

In cases where rifampicin resistance is
detected, the diagnosis is revised to MDR ocu-
lar TB, and the treatment comprises of levoflox-
acin 750 mg/day, ethionamide 750 mg/day,
cycloserine 750 mg/day, streptomycin injection
1000 mg/day (intramuscular), and pyrazinamide
1500 mg/day for initial 5 months, followed by
levofloxacin 750 mg/day, ethionamide 750 mg/
day, and cycloserine 750 mg/day for another
18 months, under the supervision of a hepatolo-
gist with regular monitoring of liver and renal
function tests.

7.10 Prognosis

A timely diagnosis of ocular TB and initiation of
ATT with corticosteroids is associated with a
favorable outcome in terms of reduced rate of
recurrences [31, 137, 138].

Conclusion

The diagnosis of intraocular TB is challenged
by a number of factors such as a wide varia-
tion in clinical manifestations, the absence of
concurrent systemic TB, low sensitivity and
specificity of laboratory tests, paucibacillary
nature of ocular TB, and difficulty in obtain-
ing adequate intraocular sample for histo-
pathological diagnosis. The issues related to
ATT such as lack of treatment guidelines,
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long duration of therapy, side effects, para-
doxical worsening, recurrence of inflamma-
tion, and emergence of drug resistance further
complicate the course in management of

intraocular TB.

Core Messages

Intraocular TB has a wide clinical spec-
trum worldwide. However, broad-based
posterior synechiae, retinal vasculitis,
and multifocal serpiginoid choroiditis
have been recognized as highly specific
for intraocular TB in an endemic
country.

Intraocular TB is being increasingly
reported from non-endemic countries,
too, predominantly in recent migrants
from endemic areas.

Recent experimental studies have shown
significant advancements in the under-
standing of the pathogenesis of intraoc-
ular TB.

A newer classification system has been
proposed for intraocular TB (with “con-
firmed,” “probable,” and “possible” as
three diagnostic groups), which needs to
be validated in future studies.

Specific clinical signs, immunological
evidence of TB infection, documented
exposure to TB, radiological evidence
of TB infection, clinical evidence of
extraocular TB, and microbiological/
histopathological evidence of MTB are
the criteria recommended for classify-
ing intraocular TB.

Antitubercular therapy with corticoste-
roids is highly effective in majority of
cases.

A high index of suspicion for multidrug
resistant intraocular TB should be kept
in mind for cases not responding to con-
ventional therapy.

Patients should be strictly monitored for
any potential drug toxicities by an
internist.

A. Gupta and R. Bansal
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Leptospirosis

S.R. Rathinam

8.1 Introduction

Leptospirosis is a reemerging zoonotic water-borne
illness in tropical countries caused by the spirochete
of the genus Leptospira [1-4]. Initially it presents as
an acute febrile illness which may be followed by
an asymptomatic latent period and a late-onset ocu-
lar morbidity in the form of uveitis [5]. Eliciting his-
tory of exposure to risk factors and the occurrence
of prior systemic illness is the critical step needed in
the ocular workup. The ocular signs of leptospirosis
are more specific than the systemic signs, and they
aid in establishing a diagnosis.

8.2 Epidemiology

Leptospires are widespread throughout the world,
and their abundance is due to their ability to
infect a wide range of animal species, including
human, as well as their ability to survive outside
the host, if environmental conditions are favor-
able. Leptospirosis was first recognized as an
endemic occupational disease affecting farmers
in rice or sugarcane fields, fishermen, sewer
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workers, forestry workers, laboratory workers,
veterinarians, dairy industry workers, and miners
[6-12]. However it has an epidemic potential in
rainy season, and outbreaks have been reported
after recreational water carnivals. Presently it is
recognized as an emerging disease as the inci-
dence is documented to be increasing globally [4,
13-16]. Global climate change, travel, and eco-
tourism are considered important for this emer-
gence [8, 13, 17]. High prevalence of the disease
is also reported among economically marginal-
ized population in urban slum with inadequate
sewage disposal and water treatment. High inci-
dence is seen in tropics and subtropics ranging
from 10 to 100 human patients per 1,000,000
individuals [13]. WHO Leptospirosis Burden
Epidemiology Reference Group (LERG) esti-
mates 873,000 annual cases and 48,000 deaths
due to leptospirosis [18]. However there is a defi-
nite underestimation of this disease in endemic
countries due to the lack of gold standard diag-
nostic test, poor surveillance, and clinicians’ abil-
ity to recognize the disease [8, 9, 13].

8.3  Etiopathogenesis

Leptospira, Borrelia, and Treponema are three
important spirochetes, each of which can cause
a primary systemic infection and a late ocular
complication, uveitis. Leptospira interrogans is a
gram-negative bacterium that belongs to the family
Spirochaetaceae [6]. They are thin, spiral-shaped,
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and motile and can only be visualized by dark-
field microscopy. Antigenically related serovars
are grouped as serogroups whose members cross
agglutinate with each other, but they do not cross
agglutinate with members of other serogroups.
There are nearly 270 serovars grouped into 23
serogroups. Of seven pathogenic leptospiral spe-
cies, L. interrogans is more common [6].

The organism infects a variety of animals
including rodents, cattle, swine, dogs, horses,
sheep, and goats [7]. Animals may be asymptom-
atic or develop clinical infection and can shed the
leptospires in their urine intermittently or con-
tinuously throughout life, resulting in environ-
mental contamination. Cattle and field rat
particularly contaminate the agricultural field and
stagnant water [8—11].

Infected animal urine contaminates the standing
or flowing water bodies. The spirochetes enter the
human host through the mucous membrane or
abraded skin [6]. After the entry, they spread to all
organs via the blood stream. Damage to the endo-
thelial lining of the capillaries and subsequent inter-
ference with blood flow appear to be responsible
for the lesions associated with leptospirosis. With
the appearance of antibody, leptospires start disap-
pearing from the blood, but can persist in immuno-
logically privileged sites such as brain, meninges,
uterus, and renal tubules or in the anterior chamber
of the eye. Persistence of these organisms in these
organs causes late-onset immunological disorders.
The host immune response to leptospirosis is
mainly a humoral response. Agglutinating antibod-
ies against leptospiral lipopolysaccharide (LPS)
have a protective role [19]. However this immunity
is protective against homologous serovars. In addi-
tion, Toll-like receptor (TLR)2 and TLR4 have also
been found to be necessary for effective innate
immune control [20]. The pathogenic mechanism
of leptospiral uveitis is believed to be endotoxin
mediated. A study demonstrated the presence of
serovar-specific leptospiral lipopolysaccharide in
aqueous humor [21]. This serovar-specific LPS was
found to be a useful diagnostic marker for serodiag-
nosis [20].

Risk factors for systemic leptospirosis include
travel to endemic countries and exposure to con-
taminated water sources. Occupational exposure
is reported in rice field workers, mining ranchers,

abattoir workers, veterinarians, sewer workers,
and military personnel. Recreational activities
such as fresh water swimming, canoeing, kayak-
ing, and trail biking can cause outbreaks.
Household exposure to infected rodents, pet dogs,
and livestock can result in sporadic infections [6].

8.4 Clinical Features

8.4.1 Systemic Disease

The spectrum of clinical presentation of human
leptospirosis ranges from asymptomatic to fatal
[22-24]. Majority of patients present with a mild
fever mimicking a flu-like illness and less than
10 % develop a severe disease. The latter form
commences abruptly with severe headache, high
fever, and multi-organ hemorrhage and pro-
gressive impairment of hepatic and renal func-
tion. Renal failure is the most common cause of
death. This presentation is known as Weil’s dis-
ease [2, 6]. During this acute phase, patient may
present with conjunctival congestion and chemo-
sis. The disease can also affect the lungs, brain,
pericardium, or gastrointestinal tract, resulting in
pulmonary hemorrhage, aseptic meningitis, car-
diovascular collapse, or pancreatitis. The clini-
cal signs depend, to a large extent, on the organs
involved and are not sufficiently characteristic.
Physicians may easily miss the diagnosis, as
symptoms are extremely variable, and can mimic
other infectious diseases. Common systemic signs
of systemic leptospirosis are given in Table 8.1.

Table 8.1 Common
leptospirosis

systemic signs of systemic

m Acute fever, rigor, and severe fatigue

m Scleral icterus with or without conjunctival
congestion

m Severe headache and meningeal irritation

m Delirium/psychosis

m Muscle tenderness, myalgia — particularly involving
the calves and lumbar area

m Anuria or oliguria

m Jaundice

m Multi-organ hemorrhages

m Cardiac arrhythmia or failure

m Acute abdomen
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8.4.2 Differential Diagnosis
of Systemic Leptospirosis

Dengue fever and leptospirosis are important
causes of acute febrile illness whose clinical
signs overlap. Clinical diagnosis and confirmation
remain a challenge mainly because of the lack of
affordable and practical diagnostic tests for both
[22, 25]. Other common differential diagnosis of
systemic leptospirosis includes hemorrhagic yel-
low fever, influenza, hantavirus infection, viral
hepatitis, malaria, typhoid, Rickettsial relapsing
fever, meningitis, and encephalitis.

8.4.3 Laboratory Diagnosis

Complete blood count may reveal neutrophilia,
elevated erythrocyte sedimentation rate, throm-
bocytopenia, and anemia. Renal function tests
reveal azotemia and hyponatremia. Urine exami-
nation may reveal microscopic hematuria, pro-
teinuria, pyuria, and granular casts.

Diagnosis of systemic leptospirosis is con-
firmed only by isolation of the organisms which
is possible during the first week of infection,
before the appearance of antibodies. Alive motile
leptospires can be seen under dark-field micros-
copy in the blood, urine, or cerebrospinal fluid.
Leptospira can be grown in special media such as
Ellinghausen-McCullough-Johnson-Harris
(EMJH) medium. Beyond 10 days, the micro-
scopic agglutination test (MAT) is commonly
used as a diagnostic gold standard. Motile bacte-
ria in liquid medium are added with titrated
amounts of patient’s serum. When the serum con-
tains antibodies, agglutination is observed under
dark-field microscopy. This test relies on detect-
ing an increase in antibody titer between two
serum samples obtained at least 2 weeks apart.
Seroconversion or a fourfold rise in paired serum
samples or a titer above 1:400 dilution in the
presence of a compatible clinical illness is con-
sidered diagnostic for systemic leptospirosis. In
chronic immunological reactions like uveitis
where fourfold raise cannot be demonstrated, a
titer of 1:100 dilutions is usually considered sig-
nificant. MAT requires live organisms and con-
siderable expertise, and it is performed only by

reference laboratories. It is not available in pri-
mary ophthalmic setup [6, 26].

Other serological tests include ELISA, mac-
roscopic agglutination, indirect hemagglutina-
tion, LEPTO dipstick, immunofluorescence
assay, microcapsule agglutination tests, micro-
sphere immunoassay, and lateral flow assays.
Molecular diagnostics include conventional
polymerase chain reaction (PCR) and real-time
PCR [27, 28]. In one of the studies, commercial
serodiagnostic kits showed varying sensitivity
and specificities, and they did not correspond
with each other [29]. It is mandatory for the
practitioner to check the reliability of the locally
available diagnostic kits.

Next-generation sequencing is a very recent
technology for determining DNA sequence by
analyzing multiple DNA fragments in parallel. It
allows sequencing of an exponentially greater
number of genes than conventional DNA
sequencing. Molecular diagnostics will prove its
potential use in future [22]. But these advanced
procedures are not available in health centers in
tropical countries where the disease is more
common.

8.4.4 Treatment of Systemic
Leptospirosis

Leptospires are sensitive in vitro to most antimi-
crobial agents, including penicillin, amoxicillin,
doxycycline, and ceftriaxone. Treatment details
are given in Table 8.2. In addition to antimicro-
bial agents, supportive therapy is mandatory in
severe cases. Depending upon the organ involved,
patient may need management of electrolyte
imbalance, renal dialysis, mechanical ventilation,
airway protection, and cardiac monitoring and
administration of vitamin K in patients with
hypoprothrombinemia [30].

Table 8.2 Treatment of systemic leptospirosis

Systemic leptospirosis | Drug Dosage
Severe form with IV Penicillin | 1.5 MU every
hepatorenal damage G 6 h for 1 week
Mild to moderate Doxycycline | 100 mg BD
fever for 1 week
Chemoprophylaxis Doxycycline | 200 mg/week
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8.4.5 Ocular Disease

The spectrum of ocular manifestation leptospi-
rosis can be seen both in septicemic phase and
in immune phase. In a febrile patient, conjunc-
tival chemosis and congestion are pathogno-
monic signs for the diagnosis of systemic
leptospirosis, but they are frequently over-
looked. In one case series, chemosis and con-
gestion occurred in 55 % of patients with
systemic leptospirosis [31].

8.5 Leptospiral Uveitis

Upveitis is an important late complication of lep-
tospirosis [26, 32]. The precise incidence of uve-
itis in patients with systemic leptospirosis is not
known, but it is estimated to be about 10-45 %
[33]. Uveitis manifests within 2 months after
infection or may be delayed for up to 1 year. The
onset and severity of leptospiral uveitis is quite
variable, and the severity of ocular inflammation
does not correlate with the severity of systemic
infection. Leptospiral uveitis more commonly
occurs as single episode than recurrent episodes.
The primary anatomical location of inflammation
tends to be either anterior or panuveitis.
Nongranulomatous uveitis is the most common
presentation.

Ocular signs of leptospirosis are given in
Table 8.3. Anterior uveitis is usually mild in
contrast to severe course characteristic of panu-
veitis. Leptospiral uveitis is one of the most
common causes of hypopyon uveitis in lepto-
spiral endemic areas. Early onset, rapid progres-
sion, and spontaneous absorption of cataractous
lens are unique features in this uveitis; however
it is seen only in 10 % of leptospiral uveitis [34]
(Fig. 8.1).

Dense vitreous inflammation with the forma-
tion of veil-like vitreous membranes is a pathog-
nomonic sign seen in posterior segment. Although
these membranes persist for several months, most
patients regain good vision. Exudative retinal
vasculitis with perivascular sheathing of the vein
is frequently seen in leptospiral uveitis; however

Table 8.3 Common ocular signs in leptospirosis

Septicemic phase

Conjunctival chemosis and congestion

Scleral icterus as a manifestation of leptospiral
jaundice

Immune phase

Interstitial keratitis

Cranial nerve palsies

Uveitis

Leptospiral anterior uveitis

Nongranulomatous anterior uveitis

Hypopyon
Pearly white cataract

Leptospiral panuveitis

Vitreous cells

Membranous vitreous opacities

Papillitis

Retinal vasculitis

Vitreous hemorrhage

Neuroretinitis

Fig. 8.1 Hypopyon and pearly white cataract in lepto-
spiral uveitis in a young female patient

occlusion and neovascularization are uncommon.
Disc hyperemia and edema are seen in 40 % of
leptospiral uveitis patients. Retinitis and choroi-
ditis are never seen in leptospiral uveitis.
Although leptospiral uveitis is a common entity,
it remains underdiagnosed mainly because of the
lack of laboratory support in ophthalmic setup
(Figs. 8.2 and 8.3).

Differential diagnosis of leptospiral uveitis
includes Behcet’s disease, HLA-B27-associated
anterior uveitis, syphilis, Lyme disease, endoge-
nous endophthalmitis, sarcoidosis, and early
stage of acute retinal necrosis.
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Fig. 8.2 Retinal vasculitis and vitreous membranes in
leptospiral uveitis patient

Fig. 8.3 Vitreous inflammatory reaction with freely
floating veil-like vitreous membranes and a string of
pearls appearance below and hazy view of hyperemic disc
in the background

8.5.1 Management of Leptospiral

Uveitis

Corticosteroids are the mainstay of treatment
for leptospiral uveitis. The preferred mode of
delivery depends upon the severity, laterality,
and anatomical location of the inflammation [5,
26]. Severe anterior uveitis is treated with hourly
topical corticosteroid eye drops, like predniso-
lone acetate 1 %, together with a cycloplegic/
mydriatic eye drops. Patients with unilateral
panuveitis will need a posterior sub-tenon depot-
corticosteroids injection, such as triamcinolone

Core Messages

» Leptospirosis, borreliosis, and syphilis
are three important spirochetal diseases,
which can cause systemic disease and
after a latent period, they result in
uveitis.

* Unlike syphilis, leptospires can live out-
side the human body, if environmental
conditions are favorable, and can infect
a wide range of animal species.

e Itis azoonotic tropical disease of global
concern can affect travelers and water
sports players.

» Serious and potentially life-threatening
complications of systemic leptospirosis
can cause multi-organ dysfunction and
death in a matter of days. It is critical to
suspect and recognize the disease early,
in order to initiate early treatment.

» Ubveitis is a late complication that pres-
ents after an asymptomatic latent
period.

e In a patient coming from an endemic
area, with uveitis, a past history of
exposure to animal urine contaminated
environment and a past febrile illness
could raise a suspicion of leptospiral
etiology.

e Commonly presents as unilateral or
bilateral acute, nongranulomatous panu-
veitis with or without hypopyon, optic
disc edema, retinal vasculitis, and mem-
branous vitreous opacities [35].

e Although the systemic morbidity is
high, leptospiral uveitis carries good
prognosis.

acetonide, 40 mg, in addition to topical treat-
ment. Bilateral panuveitis is treated with oral cor-
ticosteroids (0.5—1 mg/Kg body weight/day). It is
not known whether the systemic antibiotic treat-
ment during the systemic phase of illness has any
protective role on long-term complications such
as uveitis [5, 26].
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8.5.2 Prognosis

Leptospiral uveitis carries a good prognosis. The
inflammation is transient, and a complete resolu-
tion with restoration of vision is the commonly
seen. Rapid maturation of cataract with phacoly-
sis can rarely complicate the course. Steroids are
useful to control the inflammation in such sce-
nario, and cataract extractions followed by intra-
ocular lens implantation carry an excellent
prognosis [5, 26, 34].

Conclusion

Systemic leptospirosis is a globally distributed
and highly transmissible zoonotic disease [4].
The typical systemic presentation of the disease
is an acute biphasic febrile illness with or with-
out jaundice. Uveitis is a late complication
which can be treated with steroids. Leptospiral
uveitis carries good visual prognosis.
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Other Bacterial Infections:
Vancomycin-Resistant
Enterococcus (VRE), Methicillin-
Resistant Staphylococcus aureus

(MRSA)

Sarakshi Mahajan and Vishali Gupta

9.1 Introduction

Gram-positive bacteria are the most common
causative organisms both for exogenous and
endogenous endophthalmitis. In the
Endophthalmitis Vitrectomy Study, 100 % of
Gram-positive organisms were susceptible to
vancomycin [1]. Thus, vancomycin is the most
widely used glycopeptide antibiotic used for
empiric coverage of Gram-positive organisms in
endophthalmitis. Multidrug-resistant bacteria
especially vancomycin-resistant Enterococcus
(VRE) and methicillin-resistant Staphylococcus
aureus (MRSA) are emerging as an increasing
threat in ophthalmology with increasing reports
of these organisms causing endophthalmitis [2—
7]. Further, there are also reports of prophylactic
use of vancomycin either in the irrigating solu-
tion or intracamerally during the cataract surgery
that would possibly increase the chances of
developing drug resistance [8—10]. The diagnosis
and management of these rarer infections poses a
major challenge as these infections closely
resemble the infections caused by Staphylococcus
aureus but do not respond to the standard treat-
ment for endophthalmitis. One has to have a high
index of suspicion for these infections that may
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present with endogenous or exogenous endo-
phthalmitis associated with severe intraocular
inflammation.

9.2 Epidemiology

The exogenous endophthalmitis due to VRE and
MRSA is quite rare, and there are only isolated
published case reports and few case series. The
Gram-positive bacteriareported in Endophthalmitis
Vitrectomy Study were all susceptible to vanco-
mycin [1]. The reported incidence of MRSA-
induced exogenous endophthalmitis has been
reported to vary between 1.56% and 41% in differ-
ent reported series (Table 9.1). A recent series
reported a statistically significant increase in the
trend toward microbial resistance against a variety
of antibiotics including methicillin [6].

There is no series reporting the incidence of
MRSA-related endogenous endophthalmitis.
HoV et al. [13] have recently reported the largest
series on eight patients with endogenous
methicillin-resistant S. aureus who had a virulent
disease course.

9.3  Pathophysiology

MRSA: These organisms may be present on the
ocular surface, thus increasing the chances of
acquiring infection. The culture swabs taken
from the ocular surface of patients scheduled for
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Table 9.1 Incidence of MRSA-induced endophthalmitis

Period of | Number | MRSA
Study/country the study | of eyes | positivity
Das et al. [10] 1991- 31 10/31
India 1998 (32.3 %)
Chen and 1988— 143 Nil
Adelman [3] 2008
Northeast United
States
Majoretal. [11] | 1995— 32 13 (41 %)
United States 2008
Khera et al. [12] | 2005— 448 7/448
India 2010 (1.56 %)

cataract surgery in Uganda showed 31.9 %
(29/91) methicillin-resistant coagulase-negative
Staphylococcus (MRS) and 27.6 % (8/29)
methicillin-resistant S. aureus (MRSA), respec-
tively. All Gram-positive bacterial isolates were
sensitive to vancomycin [14].

Infections caused by methicillin-resistant S.
aureus (MRSA) strains, in general, have been
reported to be seen in health care (hospital-
acquired MRSA [HA-MRSA]) as well as in the
community-based setting (community-acquired
MRSA [CA-MRSA]). The intraocular infec-
tions are mostly HA-MRSA. S. aureus has a
tendency to develop resistance to methicillin
due to the presence of penicillin-binding pro-
tein coded for by a mobile genetic element
called methicillin-resistant gene. In the last few
years, this gene has continued to evolve so that
many MRSA strains are becoming resistant to
several antibiotics including oxacillin, penicil-
lin, and amoxicillin. Many antibiotic-resistant
genes and toxins are bundled and get trans-
ferred together to be passed on to other bacteria
that enhance the development of resistant
strains of MRSA [14, 15].

VRS: Vancomycin is a very commonly used
antibiotic against most Gram-positive bacte-
ria including Staphylococcus, Streptococcus,
as well as Bacillus species. In addition, it is also
effective against methicillin-resistant coagu-
lase-negative  Staphylococcus and  methicil-
lin-resistant ~ Staphylococcus —aureus (MRSA)
infections. Vancomycin is a glycoprotein that
binds irreversibly to D-alanyl-D-alanine moieties

of the N-acetylmuramic acid (NAM) and
N-acetylglucosamine (NAG) peptides that inhibit
the synthesis and cross-linking of the NAM/NAG
polymers. These polymers form the backbone of
the cell wall. The mechanism of acquiring vanco-
mycin resistance includes conversion of D-Ala-
D-Ala to the depsipeptide D-Ala-D-Lac or to
D-Ala-D-Ser, which in turn results in altered
cross-linkages in the peptidoglycans of the cell
wall contributing to the development of resis-
tance to vancomycin [16].

9.4 Clinical Symptoms

9.4.1 Ocular

1. Acute onset: The onset is acute with majority
of patients presenting within 1 week of the
onset of infection.

2. Virulent course: The presenting visual acuity
is reported to be poor with majority of patients
presenting with LP vision alone [12] (Figs.
9.1,9.2 and 9.3).

3. Predisposing risk factors: The patients may
give history of trauma or surgery in case of
exogenous and history of hospitalization,
parental therapy, indwelling catheter, intra-
venous drug abuse, and some focus of infec-
tion in case of endogenous endophthalmitis.

Fig. 9.1 (Patient #1): Anterior segment photograph of
the right eye of a patient following extracapsular cataract
extraction 4 days ago. The patient developed fulminant
endophthalmitis in the early postoperative period with
corneal involvement, and culture showed MRSA
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Fig.9.2 (Patient #2): Fundus photograph of the right eye
of a patient following complicated cataract surgery with
IOL implant. The patient developed endophthalmitis with
corneal infiltration at the section noticed 2 weeks after
cataract surgery

In a short series by Ness and Schneider [9],
all the three patients had predisposing fac-
tors including B cell lymphoma, steroid
therapy, diabetes mellitus, or gastrointesti-
nal symptoms.

4. Signs: The features that may help in differen-
tiating endogenous endophthalmitis of infec-
tive variety like MRSA from noninfectious
uveitis include the presence of lid edema,
swelling, corneal infiltrates in some cases,
exudates in the anterior chamber or vitreous
cavity, and loss of red reflex in the infective
variety.

5. Endogenous variety: Sometimes, patients
with endogenous endophthalmitis may
present with mild to moderate anterior seg-
ment inflammation, vitreous haze, and reti-
nitis [17].

6. Systemic: The systemic features of these infec-
tions are variable; however, formation of the
pus is common, e.g., boils, abscesses, impetigo,
etc.

9.5 Diagnosis

The most common factor causing the diagnostic
delay is the lack of suspicion for these organisms
and not testing for them because of the rarity of
the infection. What makes the infection suspi-

Fig. 9.3 (Patient # 2): Anterior segment photograph of
the same patient as in Fig. 9.2, 6 weeks later showing no
response to treatment received with total corneal infiltra-
tion. The cultures showed MRSA

cious, as being caused by one of these organisms,
is when there is worsening of infection despite
adequate treatment.

For diagnosing MRSA, S. aureus is isolated
and identified by standard microbiological tech-
niques, and then these bacteria are cultured in the
presence of methicillin; if S. aureus grows in the
presence of methicillin, the bacteria are termed as
MRSA.

Similarly, the definitive diagnosis of VRE is
made when the enterococci grow in the culture
media in the presence of vancomycin.

9.6 Differential Diagnosis

1. Severe panuveitis: The endogenous variety
of endophthalmitis may be mistaken for
severe panuveitis especially when the appro-
priate history is not available. The patients
affected with infections from one of these
organisms tend to have poorer vision, lid
edema, yellow reflex from the fundus, more
fulminant course, and poor or no response to
therapy.

2. Endogenous fungal endophthalmitis: Endog-
enous endophthalmitis due to fungus has more
chronic, smoldering course, and fungal
hyphae can be detected by smear examination
of the smear from intraocular fluids.
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9.7 Management

1. History of risk factors: These patients need a
detailed history including demography, his-
tory of trauma, surgery, duration of symp-
toms, or any risk factor in case of endogenous
infections like history of admission to the hos-
pital, intravenous fluid administration,
indwelling catheter, immunosuppression,
intravenous drug abuse, etc.

2. Ocular examination: The examination should
include visual acuity, presence of hypopyon,
vitreous haze, and media clarity. In case the
media haze, the ultrasonography should be
done to look for the presence of vitreous mem-
branes and to rule out retinal detachment.

3. Surgical management: These patients gener-
ally have a severe infection and poor visual
acuity at presentation and would need pars
plana vitrectomy. The undiluted vitreous sam-
ple should be sent for smears, PCR, and cul-
tures along with antibiotic sensitivity testing.
The diagnosis can be established by doing
culture sensitivity test.

4. Medical management: Once the diagnosis is
established, the next step is to choose an anti-
biotic that the organism would be sensitive to.
Various antibiotics including linezolid, dapto-
mycin, quinupristin-dalfopristin, and tigecy-
cline have been used to treat systemic
infections caused by vancomycin-resistant
bacteria, but there are no recommendations
for the systemic use of these antibiotics in
endophthalmitis patients. However, a recent
study has shown that the intravenous adminis-
tration of daptomycin could achieve therapeu-
tic intravitreal concentration greater than
minimum inhibitory concentration for MRSA
[16]. Daptomycin is a lipopeptide that binds
to the bacterial cytoplasmic membrane result-
ing in the release of intracellular ions with
concentration-dependent depolarization of
cytoplasmic membrane and cell death and is
effective against vancomycin-resistant strains
of bacteria accounting for endophthalmitis,
including S. epidermidis, S. aureus, S. pneu-
moniae, E. faecalis, and E. faecium [18]. In an
animal study, daptomycin was found to safe

by intravitreal injection given in the dose of
200 pg in adult belted rabbits and was reported
to kill 99.9 % of the Gram-positive bacteria
within a duration of 68 hours [19]. Buzzacco
and Carroll [20] have reported the successful
use of single injection of intravitreal daptomy-
cin (200 ug/0.1 mL) in a patient with bilateral
endogenous endophthalmitis. Their patient
also received intravenous daptomycin for her
endocarditis. The bactericidal activity of dap-
tomycin with good intravitreal concentration
following systemic administration and safe
intravitreal administration makes it a drug of
choice to be tried in patients infected with
resistant organisms. In addition, early pars
plana vitrectomy would be advisable.

9.8 Prognosis

The prognosis of exogenous endophthalmitis is
poor mainly because of the lack of suspicion
causing delay in the diagnosis, and the disease
keeps progressing in the meantime, as the usual
antibiotics have no effect on these organisms. In
the series published by Khera et al. [12] reporting
seven patients with vancomycin-resistant endo-
phthalmitis, the favorable outcome could be
achieved only in one patient (14.3 %). Five eyes
went into phthisis, while one patient achieved
counting fingers at 1 m.

Major et al. [11] reported significantly worse
prognosis with MRSA compared to methicillin-
sensitive S. aureus (MSSA) with a final visual acuity
of 20/400 or better seen in 59 % of MSSA compared
to 36 % of MRSA patients at the end of 3 months.

In the largest series reported by Ho et al. [13]
on the endogenous MRSA infections in seven
patients (eight eyes), five of the eight eyes showed
improvement in visual acuity from presentation
and only one eye required enucleation. The risk of
retinal detachment was high with six of eight eyes
showing development of retinal detachment.

Conclusions

Methicillin and vancomycin resistance among
Gram-positive isolates, though rare, is an
emerging problem. One has to keep these
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resistant strains in mind especially when the
patients are not responding to the usual treat-
ment. There is a need for ongoing surveillance
and periodic reporting from the laboratories so
that the magnitude of antibiotic resistance can
be accessed.

Core Message

Methicillin and vancomycin resistance
among Gram-positive isolates, though rare,
is an emerging problem and should be con-
sidered in patients not responding to usual
antibiotics.
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10.1 Introduction

Cytomegalovirus (CMV) infection is extremely
common but often passes unnoticed in healthy
individuals. However, it is a significant cause of
morbidity in the immunocompromised and in
neonates of infected mothers. As with most
viruses, there is no vaccine against CMV, and as
asymptomatic infected persons may continue to
shed the virus in their secretions for prolonged
periods, prevention of its spread is difficult, espe-
cially where there is social crowding.
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In congenital CMV and in immunocompro-
mised individuals such as those with acquired
immunodeficiency syndrome (AIDS) or solid
organ transplant recipients, ocular CMV mani-
fests primarily in the posterior segment as a reti-
nitis and/or optic atrophy, with rare reports of
concomitant anterior segment involvement [1-
14], whereas in immunocompetent individuals,
CMYV affects mainly the anterior segment struc-
tures. This chapter will focus on CMV anterior
uveitis in immunocompetent hosts.

10.2 Epidemiology

Humans are the only host for the human cyto-
megalovirus which is transmitted via various
secretions including saliva, respiratory tract
secretions, urine, semen, tears, and breast milk as
well as through blood transfusions and transpla-
centally. It has been shown that CMV secreted in
saliva can survive for up to 6 hours on wet highly
absorbent surfaces [15]. Hence, it is easily trans-
mitted via close contact especially among young
children in day care centers, their carers, and
their parents [16-21].

The overall prevalence of CMV in adults var-
ies from 40 to 100 % with the highest prevalence
in developing countries. In addition to place of
birth, socioeconomic factors, ethnicity, and gen-
der, its seroprevalence is also influenced by age
[22-31]. The incidence of CMV disease in organ
transplant patients is determined by a number of
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factors including the use of preventive measures
such as prophylatic or preemptive ganciclovir or
valganciclovir, donor and recipient serostatus,
and nature of the organ transplant. In relation to
solid organ transplants, the highest risk of infec-
tion and disease occurs in seropositive donor and
seronegative recipient pairs where the immuno-
suppressed recipient is most vulnerable to the
latent virus transmitted in the graft. On the con-
trary, in the case of hematopoietic stem cell trans-
plants, a seropositive recipient has a greater
likelihood of morbidity especially if the graft is
obtained from a HLA-mismatched or non-related
donor, and a seropositive donor may possibly
confer a certain amount of immunity to the recip-
ient. Among solid organ transplants, lung trans-
plants have the highest incidence of CMV disease
of 15 %, while in hematopoietic stem cell trans-
plants, it is about 5 % [9, 32—40]. Among human
immunodeficiency virus (HIV)-positive individ-
uals, the prevalence of CMV ranges from 5 to
85 % and is negatively correlated with CD4 cell
counts and highly active antiretroviral therapy
(HAART), with about one third developing CMV
retinitis [4, 41-50]. The prevalence of congenital
CMV is estimated to be between 0.04 % and 6 %,
with primary maternal infection being a more
common source of transmission than recurrent
maternal infection [51-56]. Nonetheless non-
primary maternal infection is responsible for a
larger proportion of cases of congenital CMV
especially in  countries with a  high
seroprevalence.

The prevalence of CMV anterior uveitis varies
considerably from 0O to 80 %, depending on the
criteria for aqueous analysis, the diagnostic tests
used, as well as the population studied [57-87].
Of the 239 reported cases (235 patients) of CMV
anterior uveitis, the majority was from Asian
countries where there is higher prevalence of
CMYV, with only 46 (19.0 %) coming from non-
Asian populations. There are very few systematic
surveys of its prevalence in the eyes with anterior
uveitis [57, 58, 60, 62, 63, 65, 71-87]. The data
suggest that there is higher prevalence of CMV
anterior uveitis in populations with a high serop-
revalence and that CMV is a common cause of
acute recurrent hypertensive uveitis (44-77 %),

regardless of population [58, 60, 62-64]. On the
other hand, while CMYV is a fairly common cause
of hypertensive chronic anterior uveitis in most
Asian populations with a prevalence of 40-80 %
in Singapore and Korea, with South Indians hav-
ing an exceptionally low rate of 2 % [57, 61, 64],
it is on the whole rare (0.0-3.4 %) in Western
populations [66-69]. However, the prevalence of
CMYV anterior uveitis may be further underesti-
mated as most authors performed either poly-
merase chain reaction (PCR) for viral nucleic acid
or ELISA for serum and intraocular antibody pro-
duction and not both. The sensitivities and speci-
ficities of these tests will be discussed below.

10.3 Pathophysiology

Human CMYV is also known as human herpes
virus 5 and is a DNA virus belonging to the fam-
ily Herpesviridae. In common with the other
members of the herpes family, following a pri-
mary infection, it remains latent in various sites,
the most important of which are the myeloid pro-
genitor cells in the bone marrow. Recent studies
show that instead of lying truly dormant, CMV
maintains a state of apparent latency in immuno-
competent individuals by active expression of
gene products to evade the host’s immune
response among which CMV-specific CD4+ and
CD8+ T cells are the most critical components.
An imbalance between the viral load and the
immune response such as occurs in HIV-infected
individuals whose CD4/CD8 cell counts become
depleted, hence, has the potential to result in clin-
ically apparent reactivation. The manifestations
are also more likely to be severe in the immuno-
compromised as CMV replicates fairly rapidly in
these persons particularly in primary infections
[88-93].

Similarly the occurrence of congenital CMV
and its severity is a result of the interaction of
multiple factors such as direct viral infection of
the fetus and placenta and maternal immune
response [94]. CMV has also been implicated in
atherosclerotic-related diseases, possibly from a
subclinical infection, where it may either have a
direct effect on endothelial cell function or an
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indirect effect by inhibiting the tumor suppressor
protein, p53, and hence permitting the prolifera-
tion of smooth muscle cells, as well as by activat-
ing inflammatory pathways which further
contribute to formation of atherosclerotic plaques
[95-103]. There are also studies which suggest
that subclinical CMV infection plays a role in the
pathogenesis of certain tumors. [104-106] As
with atherosclerosis, whether it exerts an onco-
genic effect directly by the expression of onco-
genes or indirectly via a chronic inflammatory
mechanism remains to be determined [107-109].

CMV retinitis is one of the most common
opportunistic infections in patients with AIDS,
and CMV anterior uveitis has increasingly been
reported in immunocompetent individuals.
Ocular CMV may be a result of viral invasion via
the retinal vessels during viremia in immunosup-
pressed patients [110—112] or represent a reacti-
vation from an ocular reservoir such as the retinal
pigment epithelium or the uveal tract especially
in immunocompetent individuals who are typi-
cally negative for CMV antigen and CMV IgM
although they may be positive for CMV IgG [62,
71,76, 80, 113].

As with systemic CMYV, the spectrum of mani-
festations of ocular CMV in immunocompetent
persons reflects an imbalance between viral load
and host immune response as retinitis or endothe-
liitis tends to occur in patients who have received
periocular or intravitreal corticosteroids and/or
are diabetic, whereas the milder acute recurrent
anterior uveitis tends to occur in younger healthy
individuals [64, 114-123]. However, the ocular
sites of CMV persistence remain to be definitely
established [124-129].

10.4 Clinical Features

1. Systemic disease

(A) In immunocompetent individuals

Although primary CMV infection is extremely
common in many parts of the world, it often
passes unnoticed or causes at most a self-limiting

mononucleosis-like syndrome of fever, lethargy,
pharyngitis, lymphadenopathy, rash, and lympho-
cytosis [130]. Severe organ-specific disease is
characteristically seen in immunocompromised
individuals but has also been described following
primary infection in the immunocompetent. The
most common presentation is colitis, followed by
neurological ~ manifestations,  hematological
abnormalities, pneumonia, and myocarditis [131].

(B) In immunocompromised individuals

In severely immunocompromised individuals
such as those with HIV infections or transplant
recipients, reactivation or infection from a sero-
positive host usually results in multiple organ
disease including the gastrointestinal tract and
central nervous and respiratory systems and was
an important cause of mortality in HIV-infected
patients prior to the availability of HAART [132].

(C) Congenital CMV

As with primary infection in adults, congeni-
tal CMV is common, but symptomatic disease is
relatively uncommon occurring in only 10 to
15 %. The most devastating complications of
congenital CMV include intrauterine growth
retardation, neurological deficits such as mental
retardation, microcephaly, sensorineural hearing
loss, and optic atrophy. Other manifestations of
congenital CMV include hepatosplenomegaly
and hematological abnormalities.

Even among infants who were asymptomatic,
about 10 % eventually develop hearing loss later
in life [1].

2. Ocular disease

(A) In immunocompromised individuals and
congenital CMV

A comprehensive description of the manifesta-
tions of CMV retinitis which is the principal sign of
ocular CMV in the immunocompromised and in
congenital disease is beyond the scope of this chap-
ter, but in brief, there are three main morphological
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variants of which one is a fulminant necrotizing
retinitis with areas of retinal whitening which pro-
gressively enlarge along the retinal vessels to
become confluent, with accompanying exudates
and intraretinal hemorrhages. As the borders
advance, the central areas may clear with atrophic
changes giving rise to the characteristic brushfire
appearance. A second variant consists of a more
indolent granular retinitis, and lastly there is an
extensive diffuse vasculitis or frosted branch angi-
itis. Optic atrophy has also been described possibly
as a result of a vasculitis or neuritis. Rarely endo-
thelial deposits and anterior chamber inflammation
have also been reported [1-3, 5, 6, 10—14].

(B) In immunocompetent individuals

10.4.1 Anterior Uveitis

An anterior uveitis is the hallmark of CMV infec-
tion in immunocompetent individuals. It is usu-
ally unilateral and may manifest as an acute
recurrent hypertensive uveitis or as a chronic
uveitis associated with ocular hypertension [57,
58, 60-63, 65, 71-76, 78-85, 87].

(a) Acute recurrent uveitis
These patients tend to be younger (mean age

of 37 years) than those with chronic anterior
uveitis (mean age of 65 years) [64]. They present

Fig. 10.1 (a) Slit lamp photograph of an eye with acute
recurrent Cyfomegalovirus anterior uveitis showing a few
fine to large keratic precipitates with diffuse iris atrophy.

characteristically with episodic complaints of
mild headache, blurring of vision, and seeing
haloes. There is minimal conjunctival injection
with corneal epithelial edema and elevated
intraocular pressure (IOP). There are only few
keratic precipitates (KPs) located inferiorly or
paracentrally which may range from fine to
large (Fig. 10.la, b). Nodular endothelial
lesions consisting of white nodular deposits
with brown pigments and surrounding translu-
cent halo may be seen in about a quarter of the
eyes (Fig. 10.2) [64]. The anterior chamber
activity is mild with less than 2+ cells. Diffuse
or patchy iris atrophy may be seen but posterior
synechiae is not a feature. These attacks are
usually short-lived, and although the IOP is
often in the 50s, it responds well to glaucoma
medications. However, with repeated episodes,
about 20 % may develop glaucomatous optic
neuropathy (GON) [64].

(b) Chronic anterior uveitis

Similarly, there is only minimal injection and
AC activity. The KPs may be pigmented and are
more numerous and diffusely distributed ranging
in size from fine stellate to mutton fat (Fig. 10.3).
Nodular endothelial lesions may be present in
about 60% of the eyes. The AC activity in these
eyes is again mild, but diffuse iris atrophy is
more common. The IOP is often elevated, but the
mean of the highest IOP (33 to 39 mmHg) is

(b) Fundal photograph of the same eye showing advanced
cupping form repeated episodes of recurrences
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Fig.10.2 Slit lamp photograph of another eye with acute
recurrent Cyfomegalovirus anterior uveitis showing nodu-
lar endothelial lesions

b

P

Fig. 10.3 Slit lamp photograph of an eye with chronic
persistent Cytomegalovirus anterior uveitis showing dif-
fuse fine- to medium-sized keratic precipitates

generally lower than in the acute form.
Nonetheless 36 % of the eyes eventually devel-
oped GON [61, 64].

10.4.2 Complications of CMV
Anterior Uveitis

The main causes of visual loss are GON, cataract,
and corneal endothelial damage. However, there
are few systematic analyses of their prevalence,
and the wide variations in the definition of out-
comes and patients may have had previous glau-
coma or cataract surgery. Hence, it is difficult to
derive their true prevalence.

Glaucoma as defined by the presence of GON or
need for glaucoma surgery is estimated to vary from

.

Fig. 10.4 Slit lamp photograph of an eye with chronic
Cytomegalovirus anterior uveitis showing fine to large
keratic precipitates with a small area of mild stromal edema

12 to 60 % (62, 71-73, 78-82, 87, 133] and the
prevalence of cataract at 14 to 60 % [71, 78-80].
Some patients with CMV anterior segment
infection present as a corneal endotheliitis with
areas of stromal edema ranging from small local-
ized lesions to diffuse edema (Fig. 10.4). Some of
these patients were diagnosed during investigation
for graft failure post-corneal transplant surgery,
but some also had a history of previous hyperten-
sive anterior uveitis. While small focal lesions
may resolve with therapy, up to 63 % of eyes
developed persistent diffuse edema causing visual
loss despite medical therapy [75, 79, 87, 134—142].
Endothelial cell loss has been shown to occur in
eyes with CMV anterior uveitis and is correlated
with the viral load [81, 133]. Hence, the endothe-
lial damage may be a consequence of repeated epi-
sodes of inflammation or related to the use of
corticosteroids in some of these eyes [122, 123].

10.4.3 Posterior Uveitis

Although CMV predominantly affects the ante-
rior segment in immunocompetent patients, there
have been isolated case reports of retinitis.
Although these patients were not HIV-positive
nor transplant recipients, a significant number
had received corticosteroids including periocular
or intravitreal injections or corticosteroid
implants or had associated systemic conditions
which may impair the immune response such as
diabetes mellitus. In contrast to HIV-infected
patients with CMYV retinitis, anterior chamber
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inflammation, vitritis, and vascular occlusion
were common associated findings in the immu-
nocompetent patients [114, 118-121].

Even more of an enigma was the development
of an autoimmune retinopathy in a patient with
recurrent CMV anterior uveitis. This otherwise
healthy man had multiple relapses with oral val-
ganciclovir and eventually required intravitreal
ganciclovir implants for control. Although the
anterior segment was quiet, he developed pro-
gressive retinal atrophy in the affected eye with
constriction of visual fields and ablation of elec-
troretinogram responses. Since the fellow eye
was entirely normal, despite the presence of anti-
retinal autoantibodies in his serum, a retinal dys-
trophy or paraneoplastic retinopathy was felt to
be unlikely cause of the changes [143].

A small case series suggest that posterior seg-
ment changes in eyes with CMV anterior uveitis
may be more common than what was previously
thought. Although none of the 11 patients in this
series had retinitis, nine (82 %) had some form of
retinal abnormalities including prolonged arm
retinal time (mean of 25 seconds) on fundus fluo-
rescein angiography (FFA) in all nine (100 %),
disc swelling in three patients of which two were
only evident on FFA, and macula edema in four
eyes. Only one of the 11 patients, who had mac-
ula edema, had atherosclerotic risk factors includ-
ing diabetes mellitus, hypertension, and
hyperlipidemia. Therefore, these changes may be
secondary to a subclinical CMV vasculitis [144].

10.5 Diagnosis

There are no clinical features that are pathognomic
of CMYV anterior uveitis, and the only diagnostic
test available today that can distinguish it from an
idiopathic hypertensive uveitis or that caused by
other viruses is aqueous analysis using polymerase
chain reaction (PCR) techniques for viral nucleic
acid and/or intraocular antibody production as
these patients are usually negative for sera CMV
antigen and CMV IgM. Conventional stains or
cytologic techniques require much larger volumes
of fluid than what can be obtained via an aqueous
tap, and the sensitivity of viral cultures is highly
vulnerable to the condition of the specimen and

contamination. Unfortunately even with PCR or
intraocular antibody production techniques, a sig-
nificant proportion of cases may be missed due to
various reasons. Firstly, even with PCR, which
enables the amplification of miniscule amounts of
viral nucleic acid, the viral load in the limited vol-
ume of aqueous available may be below the detec-
tion limits of the test. Secondly, due to short-lived
nature of the inflammation in eyes with acute recur-
rent disease, the detection of actively replicating
virus may be subject to the timing of the tap. In
addition, there is also data showing that there are
differences in the load of viral antigen and viral
antibody production between immunocompetent
and immunocompromised patients [145-148].
Hence, these two tests complement each other and
both should be done if available. In the series by
Kongyai et al., the combination of antigen detec-
tion by PCR with the detection of a rise in the ratio
of intraocular IgG to serum IgG of more than three
(Goldmann-Witmer coefficient ) resulted in a
higher sensitivity than if only either had been done
alone. Only 60 % of the cases would have detected
using PCR alone, and using GWC alone would
have detected only 70 % of the cases [65].
Although an aqueous tap is a relatively safe
procedure with only rare reports of introduction
of air into the anterior chamber, transient
hyphema, wound leak, and localized lens dam-
age, these tests are costly and not readily acces-
sible [59, 149, 150]. Therefore, other diagnostic
techniques such as confocal microscopy have
been assessed as for their potential in aiding diag-
nosis as it has been able to demonstrate the pres-
ence of an “owl’s eye sign,” which represents
CMV inclusion bodies, in eyes with corneal
endotheliitis [151]. It has not been proven though
to be sufficiently sensitive nor specific in its abil-
ity to differentiate between infectious and nonin-
fectious cases of anterior uveitis [152—-156].

10.6 Differential Diagnosis
10.6.1 Systemic Disease
The infectious mononucleosis-like syndrome

characteristically results from infection by the
Epstein-Barr virus where a lymphadenopathy is
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more common and the heterophile antibody is
usually positive. However, a number of other
viruses such as the human herpes virus 6, HIV,
hepatitis virus, and rubella as well as other
microbes including Toxoplasma gondii have also
been implicated as causative organisms [157].

10.6.2 Ocular Disease

Hypertensive anterior uveitis may be idiopathic
in origin as in the Posner-Schlossman syndrome
and Fuchs’ uveitis syndrome or be caused by
other viruses including herpes simplex virus
(HSV), varicella zoster virus (VZV), and rubella.

Unless there are accompanying dermatological
or corneal manifestations of HSV/VZV such as a
vesicular rash or a disciform stromal keratitis or
dendritic epitheliopathy, it remains difficult to
distinguish between the various viruses as well as
an idiopathic cause based on clinical features
alone as there is considerable overlap of features
with none that is pathognomic [64, 73, 158]
(Table 10.1). For example, sector iris atrophy that
was initially attributed solely to VZV was subse-
quently seen also in CMV and HSV infections
[76, 113, 159]. Moreover skin lesions are absent
in zoster sine herpete [160], and there is also a
possibility of concomitant infection by two
viruses [161].

Table 10.1 Comparison of clinical features of viral anterior uveitis

Clinical features Rubella HSV VZV CMV
Mean age at presentation |35 (12) 43 (15) to 50 53 (23) to 61 Acute — 37 (12)
(SD/range) years (range 15-83) (32-80 Chronic — 54 (17-79) to 65 (9)
Clinical course Chronic 52/54 | Acute 23/38 Acute 6/10 Acute recurrent 35/50 (70 %)
(96 %) (61 %) (60 %)
Keratic precipitates Nodular endothelial lesions
Acute recurrent — 9/35 (26 %)
Chronic — 9/15 (60 %)
>2+ AC cells 8/56 (14 %) 21/39 (54 %) 2/10 (20 %)
Fibrin formation - 1/8 (13 %) 1720 (5 %) Nil
Iris changes
Segmental/focal 3/54 (5.5 %) 1/8 (13 %) to 1/10 (10 %) to Nil
atrophy 18/37 (48.6 %) 8/20 (40 %)
Diffuse 8/54 (14.8 %) | 3/37 (8.1 %) to 1/8 | 0to 1/20 (5 %) | Acute 15/35(43 %)
(13 %) Chronic 6/18 (33 %) to 9/15
(60 %)
Iridoplegia 4/20 (20 %)
Vitritis 45/55 (88 %) 10/23 (43 %) 5/6 (83 %) Nil
Posterior synechiae 4/55 (7.3 %) 2/8 (25 %) to 6/20 (30 %) to None to 1/18 (5 %)
14/37 (38 %) 4/10 (40 %)
Mean of maximum IOP | — 30 35 Acute recurrent, 50 (28—-80)
(range) (18-42) (17-60) Chronic, 35 (18-64) to
41(14-70)
IOP > 30 mmHg 13/53 (25 %) 18/39 (46 %) 5/10 (50 %) Acute 34/35 (97 %)
Chronic 8/14 (57 %)
Corneal changes
Keratitis 2/56 (3.6 %) Nil to 12/36 1/20 (5 %) to Nil
(33 %) 2/10 (25 %)
Coin-shaped lesions Chronic 2/18 (11 %)
Endotheliitis 2/8 (25 %) 4/20 (20 %) 1/18 (6 %)

Data from references [64, 73, 158]



102

S.-P.Chee and A. Jap

10.7 Management
10.7.1 Antiviral Therapy

Ganciclovir, a guanosine analogue, was the main
antiviral drug used in the management of sys-
temic as well as CMV anterior uveitis. It is
administered as an initial induction dose of 5 mg/
kg/body weight twice daily for 2-3 weeks fol-
lowed by oral ganciclovir maintenance. It may be
given prophylactically or preemptively in trans-
plant patients (Table 10.2). Valganciclovir, its
prodrug, does not require an intravenous induc-
tion dose due to its significantly better bioavail-
ability that has largely replaced systemic
ganciclovir. It is given orally commencing with
an induction dose of 900 mg twice daily for
2—4 weeks followed by maintenance dose 450 mg
twice daily for 6 or more weeks according to the
immune status of the patient and may be discon-
tinued when this normalizes. In addition, in HIV-
infected patients with CMV retinitis, it may also
be administered as intravitreal injections of
2 mg/0.1 ml weekly or as an intravitreal implant
containing 4.5 mg of the drug released over 5 to
8 months. Other antiviral options in the manage-
ment of systemic CMV as well as CMV retinitis
are foscarnet and cidofovir.

Table 10.2 Ganciclovir/valganciclovir regimes for treat-
ment of viral anterior uveitis

CMV

Ganciclovir

Intravenous 5 mg/kg/body weight
twice daily for 2-3 weeks
Intravitreal injections

2 mg/0.1 ml weekly for 12 weeks
Intravitreal implant

4.5 mg slow release over 5 to

8 months (Vitrasert™ — not
available )

Topical ganciclovir gel

4 to 5 times daily for 12 weeks
Valganciclovir oral

900 mg twice daily for 2-3 weeks

Antiviral agents

Initial

Maintenance Topical ganciclovir gel

4-5 times daily tapered after

12 weeks to 3 times daily if quiescent
Valganciclovir

Oral

450 mg twice daily for 6 weeks

Systemic and intravitreal ganciclovir and oral
valganciclovir have been used in a similar fash-
ion to treat CMV anterior uveitis. Ganciclovir is
also commercially available as a topical 0.15 %
ophthalmic gel. However, the optimal therapeutic
regime is uncertain as there are considerable vari-
ations in the baseline characteristics of patients,
treatment duration, as well as endpoints of treat-
ment. Generally, 75 % of treated patients respond
to therapy with resolution of the inflammation
within a month, but the relapse rate is also as
high. Hence, most studies advocate long-term
treatment. This however poses issues of costs as
well as potential for severe adverse effects such
as hematological abnormalities (neutropenia,
thrombocytopenia, anemia), neurological (confu-
sion, hallucinations), and gastrointestinal symp-
toms (abdominal pain, vomiting, diarrhea),
among others. Topical ganciclovir gel, while it
had a lower response rate of 67 %, has minimal
adverse effects, is fairly well tolerated, and is less
costly. A 2 % solution may be prepared from
lyophilized ganciclovir and all treated eyes
responded, with resolution of the AC inflamma-
tion and control of the IOP, and were negative for
CMV on repeat taps. Relapse however similarly
occurred upon stopping treatment [71, 72, 7687,
133, 162].

10.7.2 Anti-inflammatory Agents

Most  authors advocate adjunctive anti-
inflammatory agents such as topical corticoste-
roids and/or nonsteroidal anti-inflammatory
drugs in reducing the inflammation in eyes with
anterior uveitis. However, corticosteroids should
be used judiciously as there is concern that they
may possibly potentiate the infection resulting in
permanent endothelial damage as discussed
above.

10.7.3 Glaucoma Management
Glaucomatous optic neuropathy is a major cause

of visual loss in CMV anterior uveitis. Hence,
IOP management is a vital component in their
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management. While there have been sporadic
reports suggesting that the prostaglandin ana-
logues may induce or potentiate a viral anterior
uveitis, they are effective options if the IOP
remains uncontrolled, with careful monitoring for
any exacerbation of the inflammation. Pilocarpine
on the other hand is contraindicated as it increases
the blood-ocular permeability. Glaucoma surgery
may be required in refractory cases or where there
is progressive optic nerve damage.

10.8 Prognosis

The visual outcome of CMV anterior uveitis is
not well studied as most authors examine mainly
recurrences with few reports of visual acuity.
The prevalence of the main causes of visual loss
is also not well documented with considerable
variations in the definition of glaucoma as well
as the population analyzed. However, the inflam-
mation in acute recurrent anterior uveitis is
short-lived, and the attacks may be few and far
between. Although the IOP is more refractory in
chronic uveitis, it is less elevated than in the
acute form, and hence central vision may be pre-
served in these eyes. In most studies, at least
80 % of eyes have 20/40 or better vision at the
last visit. In a series by Hwang et al., 13 of 20
eyes had a final vision worse than 20/40, four of
which were possibly due to GON [71, 76, 78, 79,
82, 87, 133, 162].

Conclusion

CMV anterior uveitis presents predomi-
nantly as a hypertensive uveitis and may be
acute recurrent or chronic in its course.
There are considerable similarities with
other viral as well as idiopathic causes, and
it can only be diagnosed by aqueous analysis
for viral nucleic acid by PCR and/or intra-
ocular antibody synthesis. While it responds
to all formulations of ganciclovir/valganci-
clovir, the relapse rate is also high and long-
term treatment may be required. Most
patients achieve a good visual outcome
unless they develop severe GON or corneal
endothelial damage.

Core Message

Ocular CMV classically presents as a reti-
nitis in immunocompromised individuals
with rare instances of anterior segment
involvement. On the other hand, in immu-
nocompetent persons, CMV anterior uve-
itis is increasingly recognized as a cause of
hypertensive uveitis especially in Asia.
Hence, it is important to avoid the use of
corticosteroids alone unless aqueous analy-
sis can be performed to exclude a viral
etiology.
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11.1  Introduction

The West Nile virus (WNYV) is a single-stranded
RNA arbovirus of the family Flaviviridae [1, 2].
It is the most widespread member of the
Japanese encephalitis serocomplex [2]. The
virus is transmitted among birds by mosquitoes
(primarily the Culex species) which may pass
the virus to humans and other vertebrates. Less
common routes of transmission include blood
transfusion [3], organ transplantation [4], trans-
placental transmission [5], laboratory transmis-
sion, and breastfeeding [6, 7]. WNV infection is
often subclinical, but systemic disease may vary
from mild febrile illness to severe neurologic
disease [6]. Ocular involvement, typically self-
limited multifocal chorioretinitis, is common in
patients with WNV infection associated with
neurologic disease. Diagnosis of WNYV infec-
tion is usually based on clinical features and is
confirmed by positive serologic testing.
Prevention remains the mainstay of WNV infec-
tion control.
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11.2 Epidemiology

WNYV, first identified in 1937 in the West Nile
District of Uganda [1], was recognized as the
etiologic agent of severe meningoencephalitis in
1957 in Israel [8]. Subsequently multiple spo-
radic cases and outbreaks occurred worldwide,
throughout the 1950s-1980s [9, 10]. Since the
mid-1990s, an apparent change in the WNYV epi-
demiology was observed. Increasing frequency
of severe WNV-related neuroinvasive disease in
both humans and equines was reported with out-
breaks in the Northern Africa, the Middle East,
and Europe [9, 11-17]. After the initial North
American outbreak in 1999 [18], WNV has
spread rapidly throughout the Western
Hemisphere, including the United States,
Canada, Mexico, and the Caribbean, and into
parts of Central and South America [10, 19]. In
each of these outbreaks, mortality among
patients with meningitis and encephalitis was
approximately 10 % and occurred more often in
elderly patients [6].

During 2014, 2122 cases of human WNV ill-
ness have been reported to the Centers for Disease
Control and Prevention (CDC) in the United
States and the District of Columbia. Of these,
1283 (60 %) were classified as neuroinvasive dis-
ease (such as meningitis or encephalitis), and 839
(40 %) were classified as non-neuroinvasive dis-
ease [20]. Most cases of WNV infection were
caused by lineage 1 of the virus, whereas lineage
2 was involved in African enzootic strains [6].

m
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A recent new epidemiological scenario is the
spread of lineage 2 strains across European and
Mediterranean countries in regions where lineage
1 strain is still circulating creating favorable con-
ditions for genetic reassortment and emergence
of new strains [21].

11.3 Pathophysiology

The pathogenesis of WNV infection is complex
and involves viral and host factors as well as anti-
viral immunity in the periphery and the CNS [7].
Following peripheral inoculation, initial WNV
replication is thought to occur in skin Langerhans
dendritic cells. These cells migrate to regional
lymph nodes, where virus replication produces a
primary viremia that seeds various peripheral
organs and tissues, such as the spleen, liver, and
kidneys. By the end of first week, WNV is largely
cleared from the serum and peripheral organs,
and infection of the CNS is observed in a subset
of immunocompetent animals. WNV may enter
the brain through a combination of mechanisms
that facilitates viral neuroinvasion, such as direct
infection with or without a breakdown of the
blood-brain barrier, transport by infected immune
cells that traffic to the CNS, and/or retrograde
virus transport along peripheral nerve axons. The
host’s response to infection mediated by humoral
and cellular immunity may also contribute to
WNV pathogenesis, as demonstrated in animal
models and extreme susceptibility to severe
infection in persons with certain immunocom-
promising conditions [22].

The exact pathogenesis of WNV-associated
chorioretinitis remains speculative. It is likely a
combination of direct cell damage by WNV and
secondary effects associated with inflammatory
response to the virus. The route by which WNV
reaches the eye also remains unknown. It may
result from viral hematogenous dissemination to
the choroidal circulation [6] or from a contiguous
spread from CNS via the optic nerve fibers to the
retina, retinal pigment epithelial, and choroid, as
suggested by the typical linear clustering of cho-
rioretinal lesions in parallel with the path of reti-
nal nerve fibers [23]. Retinal vasculitis likely

results from immune-mediated mechanisms
associated with WNV infection.

11.4 Clinical Features
11.4.1 Systemic Disease

The peak onset of the disease occurs in late sum-
mer, but onset can occur anytime between July and
December [6]. Following the incubation period
which ranges from 3 to 14 days, systemic disease
has three possible presentations: asymptomatic
disease, West Nile fever, and meningoencephalitis.
About 80 % of human infections are apparently
asymptomatic. Only approximately 20 % of
infected persons develop symptoms, with a self-
limiting flu-like syndrome in most cases [2, 6].
Severe, potentially lethal, neurologic involvement
can occur in less than 1 % of infected individuals
[7]. It mainly includes aseptic meningitis and/or
encephalitis characterized by rapid onset of head-
ache, photophobia, back pain, confusion, and con-
tinued fever [22]. A poliomyelitis-like syndrome
with asymmetric paralysis of acute onset and
absent reflexes without pain and movement disor-
ders such as tremor, myoclonus, and parkinsonism
have been also reported [2, 6, 20, 24].

11.4.2 Ocular Disease

Since the first descriptions of ocular involvement
secondary to WNV infection in 2002 and 2003,
several ophthalmologic findings have been rec-
ognized, including chorioretinitis, retinitis, ante-
rior uveitis, retinal vasculitis, optic neuropathy,
and congenital chorioretinal scarring [6, 13,
25-48].

11.4.2.1 Chorioretinitis

A bilateral or rarely unilateral multifocal chorio-
retinitis, with typical clinical and fluorescein
angiographic features, is the most common find-
ing, occurring in almost 80 % of patients with
acute WNV infection associated with neurologic
illness [30]. Most patients are above 50 years in
age, suffer from diabetes mellitus, and have no
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ocular symptoms or present with mildly reduced
vision. An associated mild to moderate vitreous
inflammation is frequently observed. The chorio-
retinal lesions commonly develop early in the
course of the disease, appearing to be active
(35 %) or already inactive (65 %) at presentation
[30]. Active chorioretinal lesions appear as circu-
lar, deep, creamy lesions on ophthalmoscopy,
with early hypofluorescence and late staining on
fluorescein angiography [30] (Fig. 1l.la—c).
Inactive chorioretinal lesions are typically

partially atrophic and partially pigmented with a
“target-like appearance”: central hypofluores-
cence by blockage from pigment and peripheral
hyperfluorescence on fluorescein angiography
[30] (Fig. 11.2a, b). Some atrophic lesions are not
pigmented. Chorioretinal lesions vary in number
(from less than 20 to more than 50 per eye) and
size (200-1500 pm), being distributed throughout
the mid zone and/or periphery in almost all eyes.
The posterior pole is involved in nearly 2/3 of
eyes. Linear clustering of chorioretinal lesions is a

Fig.11.1 (a) Red-free fundus photograph of the right eye of
a diabetic 57-year-old woman with a recent history of WNV
infection shows superotemporal linear clusterings of deep,

chorioretinal lesions and associated faint intraretinal hemor-

rhages. Fluorescein angiography shows (b) early hypofiuo-
rescence and (c) late staining of the chorioretinal lesions
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Fig. 11.2 (a) Red-free photograph of the left eye of a
64-year-old diabetic patient with serologically confirmed
WNV infection shows multiple deep chorioretinal lesions,
marked diffuse arterial sheathing, and diabetic macular
edema. (b) Mid-phase fluorescein angiogram shows cho-

prominent feature, occurring in more than 80 % of
eyes with chorioretinitis. The streaks vary in num-
ber, from one to more than three per eye, and in
length approximately from 2 to 15 mm [30]. They
are typically oriented radially in the nasal and
peripheral fundus or arranged in a curvilinear pat-
tern in the temporal posterior fundus [30].
Indocyanine green angiography shows well-
delineated hypofluorescent choroidal lesions,
which are more numerous than those appreciated
by fluorescein angiography or clinically [43].
Typical multifocal chorioretinitis, commonly
associated with advanced age and/or diabetes,
was found to be a specific marker of WNV infec-
tion, particularly in patients who present with
meningoencephalitis [44, 49].

11.4.2.2 Other Ophthalmic
Manifestations

Other ocular findings have been reported in
association with WNYV infection including iri-
docyclitis in the absence of chorioretinitis,
retinitis, retinal hemorrhages, focal or diffuse
vascular sheathing, vascular leakage, macular
edema, occlusive vasculitis (Fig. 11.3), severe
ischemic maculopathy, and segmental wedge-
shaped zones of atrophy and mottling of the
retinal pigment epithelium [29, 34, 37, 38, 48,

rioretinal lesions with central hypofluorescence and
peripheral hyperfluorescence and capillary leakage result-
ing from diabetic maculopathy. Several chorioretinal
lesions extend superiorly and inferiorly in a linear pattern
from the optic disc

Fig. 11.3 Fluorescein angiogram of the left eye of a
62-year-old patient with serologically confirmed WNV
infection shows retinal hemorrhages with extensive areas
of retinal capillary non-perfusion suggestive of occlusive
vasculitis

49]. WNV-associated optic nerve involvement
may occur, including optic disc swelling, optic
neuritis, neuroretinitis, papilledema (personal
unpublished data), and optic disc staining on
fluorescein angiography [29]. Other reported
neuro-ophthalmic manifestations include ocu-
lar nerve palsy and nystagmus [29]. Congenital
chorioretinal scarring secondary to intrauterine
transmission of WNV infection has been
reported [25].
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11.5 Diagnosis

Diagnosis of WNV infection requires a high
index of suspicion and specific laboratory test-
ing. WNV should be strongly considered in
patients who present with unexplained febrile
illness, meningoencephalitis, or flaccid paraly-
sis during mosquito season, particularly in
endemic areas. The presence of mosquito bites
on the skin will assist in diagnosis. The most
common efficient diagnostic method is detec-
tion of WNV-specific IgM antibody in serum,
cerebrospinal fluid, or both using the antibody-
capture enzyme-linked immunosorbent assay
(MAC-ELISA). This test is most accurate when
performed within 8 to 21 days after the appear-
ance of clinical symptoms [2, 24]. Since IgM
antibody does not cross the blood-brain barrier,
its presence in the cerebrospinal fluid strongly
suggests infection of the central nervous sys-
tem. Based on CDC guidelines (www.cdc.gov/
ncidod/dvbid/westnile/resources/  wnvguide-
lines-aug-2003.pdf), the diagnosis of WNV
meningoencephalitis is confirmed if the IgM
from cerebrospinal fluid is positive for WNV. A
fourfold or greater increase serum antibody titer
in serum samples collected 2-3 weeks apart can
also be used to make a diagnosis of WNV infec-
tion. Serum IgM antibody to WNV can persist
for six months or longer after onset of illness.
Flaviviruses may exhibit antigenic cross-reac-
tivity; therefore persons, who have recently
been vaccinated with yellow fever or Japanese
encephalitis vaccines or have infections with
related flaviviruses, may generate a false-posi-
tive result in the serum. The plaque-reduction
neutralization test can help distinguish false-
positive results of MAC-ELISA or other assays
as well as to help to distinguish serologic cross-
reactions among the flaviviruses [2, 20].
Recently, PCR-based detection systems for
the rapid detection of WNV infection in clinical
specimens that are negative for virus isolation
have been reported, suggesting that nucleic acid-
based assays hold great promise for the detection
of WNYV infection [42]. In addition, other PCR-
based methods, including real-time PCR

(RT-PCR), reverse transcription loop-mediated
isothermal gene amplification (RT-LAMP) assay,
and gRT-PCR, have been developed for the detec-
tion of WNV RNA [42, 50, 51].

Cerebrospinal fluid generally shows normal
glucose, elevated protein, and pleocytosis (>5
leukocytes/pL) [20]. The unique pattern of multi-
focal chorioretinitis can help establish an early
diagnosis of the disease while serologic testing is
pending [49].

11.6 Differential Diagnosis

The differential diagnosis of WNV systemic dis-
ease include other arthropod-borne viral encepha-
litides, enteroviral aseptic meningitis, herpesvirus
encephalitis, encephalopathy from systemic ill-
nesses (Legionnaires’ disease, rickettsiosis,
Epstein-Barr virus infectious mononucleosis, and
systemic lupus erythematosus), epidural abscess,
hypertensive encephalopathy, and drug-induced
meningitis. Many infectious and inflammatory
conditions may present with chorioretinitis. The
differential diagnosis includes syphilis, tuberculo-
sis, histoplasmosis, sarcoidosis, and idiopathic
multifocal chorioretinitis [6, 30]. WNV-associated
chorioretinitis can be distinguished from these
entities on the basis of history, systemic signs and
symptoms, and particularly the unique pattern of
chorioretinitis [30].

11.7 Management

There is, at present, no proven treatment for
WNV infection. In cases of severe systemic dis-
ease, intensive supportive therapy is indicated,
often involving hospitalization, intravenous
fluids, respiratory support, prevention of second-
ary infections, and good nursing care [24].

Clinical trials of antiviral agents such as riba-
virin interferon a -2b, interferon b, high-titer
intravenous immunoglobulin, and pluripotent
immunomodulator AS101 will allow new and
more effective therapeutic approaches to emerge
in future [52-54].
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Passively transferring anti-WNV  immuno-
globulin has been shown to be effective in animal
models and may be helpful in patients [7].

Specific ophthalmic treatment may be
required: topical steroids for anterior uveitis,
peripheral retinal photocoagulation for neovascu-
larization due to occlusive vasculitis, pars plana
vitrectomy for non-clearing vitreous hemorrhage
or tractional retinal detachment, and intravitreal
injection of anti-vasoendothelial growth factor
(anti-VEGF) agent for choroidal neovasculariza-
tion or macular edema [35, 55].

Prevention is the mainstay of WNV infection
control: measures to reduce the number of mos-
quitoes (draining standing water, larvicides) and
personal protection (repellents, window screen,
protective clothing). Vaccination, a possible long-
term solution, is still in the research phase [56, 57].
Although the cost-effectiveness of WNV vaccina-
tion is uncertain, vaccination of populations at risk
of developing severe WNV infection may reduce
the number of fatalities due to WNV.

11.8 Prognosis

Prognosis of WNV systemic disease is good in
most patients. Full recovery is the norm for
patients with uncomplicated West Nile fever or
meningitis; however, initial symptoms, particu-
larly extreme fatigue, may be prolonged [20].
However, severe cases may result in neurologic
sequelae or death, especially in patients who are
elderly or debilitated [7, 20]. Advanced age is the
most important risk factor for death, ranging
from 0.8 % among those aged less than 40 years
to 17 % among those aged at least 70 years [20].
Encephalitis with severe muscle weakness,
changes in the level of consciousness, diabetes,
cardiovascular disease, hepatitis C virus infec-
tion, and immunosuppression are possible risk
factors for death [20].

Ocular involvement usually has a self-limited
course. Active chorioretinal lesions at presentation
evolved to the typical inactive stage [6, 30]. Some
inactive lesions become more prominent on both
ophthalmoscopy and fluorescein angiography.
Visual acuity returns to baseline in most patients
[30]. However, persistent visual impairment may
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occur due to a foveal chorioretinal scar, choroidal
neovascularization, complicated occlusive retinal
vasculitis (vitreous hemorrhage secondary to ret-
inal neovascularization, severe ischemic macu-
lopathy), optic atrophy, or retrogeniculate
damage [35, 37, 38]. Recently, one case of reacti-
vation of WNV infection-related chorioretinitis
has been reported [45].

Conclusion

WNV infection is among the most important
emergent and resurgent infections that are
tending to expand worldwide, mainly due to
climate changes and globalization. Most fre-
quently, systemic disease is subclinical or
manifest as a mild febrile illness, but a severe,
potentially lethal systemic involvement with
neurologic disease also can occur. Chorioretinal
involvement, frequently asymptomatic and
self-limited, is the most common finding in
patients with WNV infection associated with
neurologic disease. The unique pattern of mul-
tifocal chorioretinitis can help establish an
early diagnosis of the disease while serologic
testing is pending. Therefore, an ocular exami-
nation, including ophthalmoscopy and fluores-
cein angiography in selected cases, should be
part of the routine evaluation of patients with
clinically suspected WNV infection.

Core Messages

e Systemic WNV disease: often subclini-
cal, but may vary from mild febrile ill-
ness to very severe neurologic
involvement

e Ocular disease: typical bilateral multifo-
cal chorioretinitis with linear clustering
of chorioretinal lesions, retinal vasculi-
tis, anterior uveitis, optic neuropathy

» Fundus examination: useful diagnostic tool
while serologic testing is pending in patients
with suspected WNV neurologic disease

e Laboratory diagnosis: serology (WNYV-
specific IgM), real-time polymerase
chain reaction (PCR)

* Management: mostly supportive
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* Prognosis:

— Systemic disease: usually good, but
potentially lethal in patients who are
elderly or debilitated

— Ocular disease: usually self-limiting,
rarely persistent visual loss

» Prevention: personal protection against
tick bites, improvement of sanitary
conditions
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12.1 Introduction

Chikungunya virus is a single-stranded RNA
virus of the genus Alphavirus in the family
Togaviridae. It is transmitted to humans by the
bite of infected mosquitoes, Aedes aegypti and
Aedes albopictus [1]. It causes chikungunya fever
first described by Robinson [2] and Lumsden [3]
in 1955. Its name is derived from the Makonade
word meaning “that which bends up,” in refer-
ence to the stooped posture developed due to the
arthritis manifestations of the disease.

12.2 Epidemiology

Following the report from Tanganyika in 1952 [2,
3], chikungunya epidemics have been reported
from several parts of the world including Asia,
Africa, and elsewhere. In Southeast Asia, India,
Pakistan, Sri Lanka, Myanmar, the Philippines,
Cambodia, Thailand, Indonesia, Vietnam, Hong
Kong, and Malaysia have documented the epi-
demics [4, 5]. Since 2003, there have been out-
breaks in the islands of the Pacific Ocean,
including Madagascar, Mayotte the Seychelles,
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Comoros, Mauritius, and the Reunion Island
(Indian Ocean). Chikungunya fever has also been
documented in Italy, France, Australia, and the
USA where international travelers have facili-
tated the introduction of the virus from endemic
areas [6-9].

12.3 Pathophysiology

Following the bite of an infected mosquito, chi-
kungunya virus (CHIKV) is injected into blood
capillaries and dermis. During this intradermal
stage, CHIKV infects human epithelial cells and
dermal fibroblasts. Blood monocytes and macro-
phages then become infected with CHIKV and
viral replication happens (>10® copies/ml).
Monocytes are then responsible for viral dissemi-
nation and systemic infection. The principal sec-
ondary infection sites are joints and muscles,
endothelial cells of the liver and the brain, and
macrophages and stroma cells of the spleen and
lymph nodes [10, 11]. In humans, chikungunya
infection causes high levels of IFN-a, suggesting
strong innate immunity, along with the produc-
tion of IFN-y, IL-4, and IL-10, suggesting the
engagement of the adaptive immunity [12].
Circulating T lymphocytes showed a CD8+ T
lymphocyte response in the early stages of the
disease and a CD4+ T lymphocyte-mediated
response in the later stages [13]. Interferon
gamma and IL-12 levels have been observed to
rise dramatically during the acute phase of
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chikungunya fever. The level of IL-12 returns to
normalcy in patients who recover. In contrast,
patients who develop chronic arthritis show per-
sistently high IL-12 levels.

The systemic manifestations of the fever are
related to viremia, while joint involvement is
believed to be an immune-mediated reaction to
the viral antigen [14]. The exact mechanism of
ocular involvement following chikungunya infec-
tion is not yet studied in detail. Simultaneous
occurrence of systemic and ocular disease sug-
gests the possibility of direct viral involvement
such as conjunctivitis, anterior uveitis, optic neu-
ritis, and viral retinitis. Chikungunya virus anti-
gens were detected in keratocytes of the corneal
stroma and sclera, in fibroblasts of the iris stroma,
and in ciliary bodies suggesting direct ocular
involvement [15]. Late involvement of ocular tis-
sue suggests a delayed immune response in cases
of episcleritis, viral retinitis, panuveitis, and optic
neuritis [16, 17].

12.4 Clinical Features

Chikungunya virus is known to cause a self-
limiting illness characterized by sudden onset of
fever with chills, headache, vomiting, myalgia,
malaise, arthritis or arthralgia, skin rash, and low
back pain. Incubation period is about 2-7 days
[18, 19]. Although chikungunya fever typically
lasts for about a week and recovery is usually the
outcome, yet certain patients experience persis-
tent joint symptoms for months or, occasionally,
years after the initial onset of illness [17]. The
risk of developing polyarthritis has been found to
be higher if the initial acute phase lasted longer
than 3 weeks [20]. Neurological complications
such as meningoencephalitis have been reported
during the recent French Reunion island outbreak
as well as the first Indian outbreak [21]. Mother-
to-child transmission of chikungunya virus was a
new observation recorded during the outbreak in
the French Reunion island where many compli-
cations including death have been reported [21].
The increased virulence has been attributed to
absence of the herd immunity and the possible
emergence of a new strain [21, 22].

12.5 Ocular Disease

Ocular symptoms include blurred vision, floaters,
irritation, pain, watering, redness, photophobia,
and diplopia. They can present at the time of fever
or after the resolution of the fever. Conjunctivitis,
which mimics other viral conjunctivitis and
resolves within a week, can be present at the time
of acute infection [23]. Numerous ocular features
have been described, including episcleritis
[24], scleritis, keratitis, anterior uveitis (Fig. 12.1)
[24-27], retinitis [25, 28, 29], choroiditis [30],
neuroretinitis [25], optic neuritis [25, 31, 32], cen-
tral retinal artery occlusion [25], exudative retinal
detachment [25], panuveitis [25], secondary glau-
coma [24] [25], cranial nerve palsies [25], and
lagophthalmos [25]. Anterior uveitis can have a
granulomatous or nongranulomatous presentation
which can be associated with increased intraocu-
lar pressure [24]. Fuchs’ heterochromic iridocy-
clitis in association with chikungunya infection
has also been reported [33, 34].

Chikungunya retinitis occurs several weeks
after the primary illness, which is characterized
by minimal vitritis, retinitis, and retinal hemor-
rhages with retinal edema (Figures), whereas in
acute retinal necrosis, multifocal retinitis lesions
with severe vitritis are seen primarily in the reti-
nal periphery [24, 28]. Although chikungunya
retinitis may morphologically mimic the her-
petic viral retinitis, the history of fever, skin
rash, and joint pains prior to the onset of the
visual symptoms is helpful in the clinical diag-
nosis, particularly in endemic regions [24, 35].
Optic neuritis can present with sudden decrease
in vision secondary to chikungunya virus infec-
tion and prompt visual recovery after immediate
administration of systemic steroid therapy [25,
32] (Fig. 12.2).

12.6 Diagnosis

Laboratory investigations such as virus isolation,
serological tests, and molecular techniques are
used to diagnose chikungunya infection [34].
Real-time polymerase chain reaction (RT-PCR)
and virus isolation are useful during the initial
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Fig.12.1 Slit lamp anterior segment photographs of both
eyes. From a 45-year-old woman who presented with
complaints of discomfort and photophobia 6 weeks fol-
lowing the resolution of chikungunya fever. The photo-
graph shows pigmented keratic precipitates in the inferior
cornea of the right eye (a) and pigmented and stellate
keratic precipitates in the left eye (b), with 1+ cells and 2+
flare in the anterior chamber of both eyes (Mahendradas
et al. [33])

viremic phase of illness, whereas antibody demon-
stration from the serum is of use in the later phases
of the disease [34]. RT-PCR assay that quantifies
viral load in clinical samples can be used as an
indicator of active infection [36]. More recently,
RT-PCR with real-time loop-mediated isothermal
amplification (RT-LAMP) has been developed for
rapid diagnosis of chikungunya infection [37].

Enzyme-linked immunosorbent assay
(ELISA), indirect immunofluorescent method,
and immunochromatographic test (ICT) may be
used to detect chikungunya IgM and IgG anti-
bodies in the serum [28].

12.7 Differential Diagnosis

Chikungunya clinically resembles dengue and can
be differentiated by the absence of dengue IgM
and IgG antibodies in the serum and also by nor-
mal platelet count [12]. The differential diagnosis
also includes rickettsiosis, herpes, cytomegalovi-
rus, human immunodeficiency virus, syphilis,
West Nile virus, tuberculosis, and sarcoidosis.
Chikungunya virus infection can be distin-
guished from these entities on the basis of his-
tory, systemic signs and symptoms, and ocular
manifestations with laboratory confirmation of
chikungunya infection [4, 12, 20, 21].

12.8 Treatment

There is no specific antiviral drug available for the
treatment of chikungunya virus infection [12, 20].
There is no commercial vaccine against chikun-
gunya virus infection even though a lot of research
is happening to prepare the vaccine. Symptomatic
treatment of the acute stage of the disease is with
antipyretics and analgesics such as nonsteroidal anti-
inflammatory drugs (NSAIDs) [38]. Chronic arthritis
due to chikungunya infection has been treated with
corticosteroids, with chloroquine phosphate [39],
disease-modifying antitheumatic drugs (DMARDS),
and even tumor necrosis factor blockers [40].

Anterior uveitis has been treated with topical
steroids and cycloplegic agents [24]. The associ-
ated ocular hypertension has been managed with
topical beta-blockers and oral or topical carbonic
anhydrase inhibitors. Systemic steroids have
been required to control the inflammation in pos-
terior uveitis, panuveitis, and optic neuritis [24—
26,30-32]. Preventive measures against mosquito
bite continue to be the mainstay for control of
chikungunya disease [28].

12.9 Prognosis

Prognosis of chikungunya infection is good in
most patients. However, severe cases may result
in persistent arthralgia, especially in patients who
are elderly or debilitated.
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Fig.12.2 Ocular involvements in chikungunya infection.
(a) Fundus photograph of the left eye showing confluent
area of retinal whitening suggestive of retinitis. Fundus
fluorescence in angiography reveals (b) early hypofluo-
rescence in the posterior pole and (c) late hyperfluores-
cence in the posterior pole. (d) Spectral domain optical
coherence tomography (SD OCT) revealed increased
reflectivity in the nerve fiber layer zone corresponding to
the areas of retinitis with after shadowing and fluid-filled

spaces in the outer retina with serous retinal detachment.
(e) Fundus photograph showing resolving retinitis lesion
2 weeks after initiation of systemic steroid therapy. (f) SD
OCT showing decreased area of hyper-reflectivity in the
inner retina with resolving retinal detachment. (g) Fundus
photograph after 4 months, showing complete resolution
of retinitis. (h) SD OCT showing resolution of retinitis
with thinning of the inner retinal layers nasal to the fovea
(Mahendradas et al. [28])
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Ocular involvement usually has a good prog-
nosis except in some cases of optic neuritis, and
retinitis occur due to foveal ischemia and optic
atrophy [17, 31, 32].

Conclusion

Ocular manifestations of chikungunya infec-
tion can be present at the time of fever or may
manifest after few weeks. Anterior uveitis,
retinitis, and optic neuritis are the commonest
manifestations. In the absence of a specific
antiviral regimen, the treatment of ocular dis-
ease is supportive. The development of specific
antiviral therapy and vaccination against chi-
kungunya are the fields under research [28].

Core Messages

e Chikungunya should be considered in
the differential diagnosis of viral ante-
rior uveitis, optic neuritis, or multifocal
retinitis in patients living in or returning
from specific endemic regions.

e Chikungunya infection is diagnosed by
RT-PCR from the ocular fluids and
serum or by the demonstration of IgM
antibodies in the serum.

e In the absence of special antiviral regi-
men, the treatment of ocular disease is
symptomatic and supportive with topi-
cal and systemic steroid therapy.
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Soon-Phaik Chee and Aliza Jap

13.1 Introduction

Despite intense public health efforts, dengue
remains an important cause of morbidity and
mortality particularly in Asia and Latin America.
It has proven difficult to eradicate due to a few
factors, one of which is its transmission via the
Aedes aegypti mosquito. Other major factors that
render dengue difficult to eradicate is the non-
specific nature of the initial symptoms leading to
delays in identifying an outbreak, as well as the
existence of several serotypes which is further
compounded by the lack of cross immunity. This
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in turn has hampered efforts to produce an effec-
tive and easily deliverable vaccine.

13.2 Epidemiology

According to the WHO, 2.5 billion people today
are living in over 100 endemic countries with 50
to 100 million dengue infections occurring annu-
ally. These numbers represent a 30-fold increase
in the incidence of dengue over a relatively short
period of 50 years. The number of countries
experiencing dengue infections has also
expanded at an explosive pace from only nine in
the early 1900s to the current number. This num-
ber is expected to continue to increase due to the
resilient nature of the Aedes mosquito, increas-
ing urbanisation which is outpacing public
health facilities in endemic countries and accel-
erating international movement of infected pas-
sengers and of goods which may carry the Aedes
larva [1].

The incidence of dengue-related ocular dis-
ease has been reported to vary from 7 % in
patients with dengue fever to 60 % in those with
dengue haemorrhagic fever/dengue shock syn-
drome [2, 3]. However, its true incidence is dif-
ficult to ascertain as there were only few scattered
reports prior to the 1900s [4], and even today,
there are very few large series with the majority
of publications consisting of single case reports
or small case series. This paucity of reported
cases could be related to variations in ocular
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manifestations with different serotypes as during
an epidemic involving dengue serotype 1, dengue
maculopathy was observed in 10 % of patients as
compared to none during an epidemic caused by
dengue serotype 2 [5, 6].

This difference in ocular manifestations with
different serotypes is further supported by the
finding that although dengue is the commonest
cause of infectious posterior uveitis in Singapore,
there has been a decrease in the number of cases
seen over the years due to a shift in the predomi-
nant serotype responsible for the outbreaks [7].

Another cause for the scarcity of epidemio-
logical data regarding dengue eye disease is the
lack of systematic screening for ocular involve-
ment especially in patients with mild systemic
disease. Furthermore, in a study by Kapoor et al.,
while ocular findings were seen in 54 hospital-
ised dengue patients (40 %) and ten (7.5 %) had
fundal changes, none of these patients had any
visual symptoms as the macula was not involved
in all these cases [8]. On the contrary, Seet et al.
noted that while 28 (18 %) of their hospitalised
patients had at least two ocular symptoms includ-
ing 16 (10 %) with blurring of vision, which trig-
gered a full ophthalmic examination, in fact only
two patients had retinal pathology [9]. Hence,
since most authors screen only hospitalised or
symptomatic patients, due to these discrepancies
between symptoms and signs, the incidence of
ocular involvement is probably underestimated.

13.3 Pathophysiology

The dengue virus is an RNA virus belonging to
the Flaviviridae family and consists of four main
serotypes, DENV-1 to DENV-4, with a fifth sero-
type having been recently discovered whose true
impact in humans remains to be seen but which
may further hinder the development of a dengue
vaccine [10].

The pathogenesis of dengue is multifactorial
involving a complex interplay between viral viru-
lence [5, 7, 11] and host susceptibility [12—-14],
many aspects of which remain unclear. Both
humoral and cellular immunity responses are
activated following the viremia resulting in

complement activation with a reduction particu-
larly of plasma complement C3 components
being seen in patients with severe dengue. The
consequent release of cytokines and increase in
vascular permeability are responsible for the fluid
extravasation seen in dengue haemorrhagic fever/
dengue shock syndrome [15-17].

The majority of patients with ocular manifes-
tations present about 1 week after the onset of
fever usually when the platelet count is at the
lowest with a range of 5-77 x 10° cells/l. Hence
the haemorrhagic lesions such as subconjunctival
and retinal haemorrhages are possibly a result
primarily of the thrombocytopenia. On the other
hand, the mean timing of the onset of symptoms
at 1 week after the onset of the fever as well as
the finding of low complement C3 and C4 as well
as microalbuminuria in some of these patients
suggest that immune-mediated mechanisms
rather the viremia itself are responsible for mani-
festations such as uveitis, vasculitis, maculopa-
thy and optic neuropathy [6, 18-22].

13.4 Clinical Features
1. Systemic disease

There is a wide spectrum of systemic manifes-
tations in dengue. The symptoms generally come
on about a week after being bitten by an infected
female Aedes mosquito. In classic dengue fever,
typically, there is high fever with headache, retro-
orbital pain, arthralgia, myalgia, skin rashes, nau-
sea and vomiting and perhaps epistaxis or
bleeding gums. However, it may be asymptom-
atic, and in young children and those with a first
episode of dengue, the symptoms may be mild
and non-specific, and the diagnosis of dengue
may be missed. At the other end of the spectrum
is what used to be termed dengue haemorrhagic
fever and the dengue shock syndrome with multi-
organ involvement which are potentially fatal due
to the accompanying increase in vascular perme-
ability and thrombocytopenia. In order to facili-
tate the diagnosis and management of these
life-threatening aspects of dengue infection, the
WHO has reclassified dengue in 2009 to dengue



13 Dengue-Related Ocular Disease

127

Table 13.1 WHO revised criteria for dengue case clas-
sification 2009

Probable dengue without warning signs
Live in/travel to dengue endemic area with fever and
two of the following:

Nausea, vomiting

Rash

Aches and pains

Leukopenia

Positive tourniquet test

Dengue with warning signs®

Dengue as defined above with any of the following:
Abdominal pain or tenderness
Persistent vomiting
Clinical fluid accumulation (ascites, pleural
effusion)
Mucosal bleeding
Lethargy, restlessness
Liver enlargement >2 cm
Laboratory: increase in HCT concurrent with rapid
decrease in platelet count

Severe dengue
Dengue with at least one of the following criteria:
Severe plasma leakage leading to:

Shock (DSS)

Fluid accumulation with respiratory distress
Severe bleeding as evaluated by clinician
Severe organ involvement

Liver: AST or ALT > 1000

CNS: impaired consciousness

Heart and other organs

2Requires strict observation and medical intervention

with and without warning signs and severe den-
gue (Table 13.1) [23].

In addition to encephalopathy, other neuro-
logical changes seen in dengue include encepha-
litis, meningitis, Guillain-Barré syndrome,
myelitis, acute disseminated encephalomyelitis,
polyneuropathy, mononeuropathy, hypokalaemic
paralysis, cerebromeningeal haemorrhage as well
as neuro-ophthalmic signs which will be dis-
cussed below [20, 24-39].

2. Ocular disease

13.4.1 Symptoms

Pain is the commonest symptom and its severity
ranges from a feeling of eye strain (30 %) or for-
eign body sensation (3 %) to a retro-orbital pain
(20 %) [9]. In the majority of patients, it is a non-

specific and benign symptom. However, in certain
patients, ocular pain in dengue may represent a
sight-threatening event such as acute angle clo-
sure [40]. In this particular patient though, who
was female with fairly short axial length of 22 mm
and normal posterior segments on B scan ultraso-
nography, it is uncertain if the angle closure was a
direct complication of dengue infection or a coin-
cidental occurrence. Of greater significance is a
6-year-old child who presented with what was
thought to be acute angle closure initially and was
subsequently diagnosed as panophthalmitis which
resulted in permanent visual loss [41]. Hence,
although pain in dengue often has no detrimental
outcome, a high index of suspicion needs to be
maintained for potentially blinding causes.

Other symptoms commonly reported include
blurring of vision (10 %), diplopia (3 %) and
floaters and flashes (3 %) [9]. However, a signifi-
cant proportion of patients with maculopathy
may be asymptomatic, and although an abnormal
Amsler chart test has high specificity of 95 % for
maculopathy, nonetheless its sensitivity is only
30 % [6, 8]. Therefore, the absence of visual
symptoms does not exclude the presence of ocu-
lar involvement, and systematic screening espe-
cially in patients with severe dengue remains the
main means of detection.

13.4.2 Signs

13.4.2.1 Anterior Segment
Anterior segment lesions in the form of subcon-
junctival haemorrhage are the commonest
reported ocular manifestation of dengue, occur-
ring in about 40 % of all patients [2, 8] and in up
to 60 % in patients with severe dengue haemor-
rhagic fever, usually in association with severe
thrombocytopenia [3]. As a consequence of the
thrombocytopenia, haemorrhages have also been
noted to occur in the periocular tissues, including
the retrobulbar space where it may be of such
severity as to result in globe perforation [42, 43].
In addition, there have also been sporadic case
reports of corneal involvement which is often
mild in the form of superficial punctate erosions,
but corneal ulceration with hypopyon which was



128

S.-P.Chee and A. Jap

attributed to exposure has also been reported [4,
44, 45].

13.4.2.2 Uveitis
Ubveitis occurring as an isolated event is rare in
dengue [2, 41, 46], and it is more commonly
described in association with the occurrence of
dengue maculopathy [19, 22, 45, 47]. The series
of patients with isolated uveitis described by
Gupta is unusual for a number of reasons. Firstly,
these patients were noted to have no ocular
lesions during the acute phase and only presented
3 to 5 months later with progressive loss of
vision. Secondly, four of the six patients did not
experience pain, and ciliary injection was absent
or mild in all six patients despite the presence of
significant cellular reaction. Only one eye had
bilateral involvement. Five patients (six eyes) had
only anterior segment involvement with fine to
large keratic precipitates and 2 to 4 + anterior
chamber cells and flare. The intraocular pressure
was normal, and posterior synechiae was absent
in all but one patient who also had concomitant
vitritis, vasculitis, retinal haemorrhages and mac-
ula oedema. The inflammation in all these
patients resolved with corticosteroid therapy [2].
The other two cases of uveitis reported in the
literature presented within 1 week of onset of
fever with pain and blurring of vision. Both had
shallowing of the anterior chambers. In one
patient the shallowing was due to bilateral irido-
cyclitis with choroidal effusions, and the intra-
ocular pressures were low. This patient recovered
well following treatment with topical corticoste-
roids [46]. The other patient was the 6-year-old
child mentioned above who was initially diag-
nosed as having acute angle closure glaucoma in
the left eye due to the presence of ciliary injec-
tion, hazy cornea and shallow anterior chamber
and who had in fact severe panophthalmitis with
periocular extension resulting in visual loss [41].

13.4.2.3 Fundal Changes in Dengue

There is a wide spectrum of fundal changes that
have been described in patients with dengue
including vitreous haemorrhage, retinal haemor-
rhages, peripapillary haemorrhages, optic disc
hyperaemia, Roth spots, cotton wool spots,

intraretinal precipitates, retinal oedema, macu-
lopathy and retinal vasculopathy. There may be a
concomitant anterior uveitis and vitritis [3, 18,
19, 21, 22, 35, 45, 47-53].

13.4.3 Dengue Maculopathy

Although macula changes such as cotton wool
spots, oedema and haemorrhages may be
observed together in association with major
changes in the peripheral retina or with an optic
neuritis [3, 18, 19, 21, 22, 31, 37, 45, 53], a pre-
dominant involvement of the macula with none
or minimal peripheral changes is increasingly
being reported as a cause of visual symptoms in
patients with dengue, occurring in up to 10 % of
patients hospitalised with dengue. It is usually a
bilateral condition (73 to 80 %), although it may
be asymmetrical, manifesting about 1 week after
the onset of fever, when the platelet counts are
generally at their lowest. Blurring of vision (18 to
100 %) and central scotoma (7 to 90 %) are the
most common complaints. Less commonly, the
patients may complain of floaters or metamor-
phopsia (5 %). The presenting visual acuity var-
ied from 20/25 to count fingers closely,
corresponding to the extent of macula oedema. In
addition to oedema, other features of dengue
maculopathy include foveolitis, small white or
yellow subretinal dots, intraretinal haemorrhages,
retinal epithelial swelling, vascular sheathing,
optic disc hyperaemia and vitritis [6, 19, 21, 22,
35,47, 54, 55] (Figs. 13.1, 13.2 and 13.3).

13.4.4 Foveolitis

The term foveolitis is used to describe a small,
well-circumscribed yellow-orange subretinal
lesion localised to the fovea (Fig. 13.4a, b).
These lesions measure between 0.2 and 0.5 mm
and may be seen as an isolated lesion or in com-
bination with the other findings described above
such as retinal haemorrhages and vascular
sheathing. Optical coherence tomography
(OCT) of these lesions shows a disruption of
the outer sensory retina with or without any
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Fig. 13.1 (a) Fundal photograph showing small yellow dots and mild sheathing of perifoveal vessels. (b) Indocyanine
green angiography of the same eye showing mild large vessel hyperfluorescence in the early phase

Fig. 13.2 (a) Fundal photograph showing sheathing of = mid phase. (¢) Indocyanine green angiography of the
perifoveal venules. (b) Fundal fluorescein angiography of ~ same eye showing large vessel hyperfluorescence in the
the same eye showing mild staining of the venules in the early phase
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Fig. 13.3 (a) Fundal photograph showing exudative
detachment of the macula with striae, retinal haemorrhages,
small yellow dots and perivascular cuffing. (b) Optical

accompanying elevation of adjacent retina [54,
55]. In addition to foveolitis, other OCT
changes that have been seen in eyes with den-
gue maculopathy include diffuse retinal thick-
ening, cystoid macular oedema and exudative
detachment [19, 22, 56]. All these changes
resolved within a month, but the visual function
was not always similarly restored. Teoh et al.
showed that the different types of OCT changes
were useful predictors of visual outcome at
2 years. Patients with diffuse retinal thickening
had the least visual disturbance at presentation
with more than 85 % having 20/40 or better
vision and the best visual outcome. Only 30 %
had a residual scotoma and all had 20/40 or bet-
ter vision. In contrast, the majority of eyes with
foveolitis (96 %) presented with 20/80 or worse

HEIDELBEIA
1 |

coherence tomography of the same eye showing the pres-
ence of subretinal as well as intraretinal fluid

vision, and although the Snellen acuity
improved to 20/40 or better in at least 60 %, all
eyes still had a visually disturbing scotoma.
While 80 % of eyes with cystoid oedema also
had poor visual at presentation and extremely
swollen maculae, 81 % regained 20/40 or better
vision with only 56 % still experiencing a resid-
ual scotoma [56].

Fundus fluorescein angiography (FFA) may
be normal in up to 70 % of eyes with dengue
maculopathy. FFA changes that have been
described include the presence of early hyperflu-
orescence that persists to the late phase, blocked
fluorescence, small vessel occlusion or leakage,
capillary non-perfusion, knobbly hyperfluores-
cence of perifoveal arterioles and early pinpoint
hyperfluorescence.



13 Dengue-Related Ocular Disease

131

Fig. 13.4 (a) Fundal photograph showing macula haem-
orrhages with a small yellow elevated lesion at the fovea.
(b) Optical coherence tomography of the same eye show-

Similarly, indocyanine green angiography
(ICGA) may be normal in about 60 % of eyes or
show mid- or late phase hypofluorescent spots or
large vessel hyperfluorescence suggesting that
there may be an underlying choroidopathy as well.
The predictive value of angiography is uncertain as
in the series from Loh et al., although FFA changes
were seen only in eyes that had poor presenting
visual acuity of 20/400 or worse, all recovered to
20/40 or better vision. Similarly, other authors also
found that despite the presence of severe leakage or
non-perfusion on angiography, the retinal changes
resolved with visual acuity of 20/40 or better in the
majority of eyes [19, 22, 47, 54].

The vasculopathy in dengue affects mainly the
venules and arterioles and is usually evident

ing focal thickening of subfoveal outer retina with under-
lying subretinal fluid. The foveal contour is slightly
elevated

clinically as sheathing of the involved vessels. In
a few cases, however, the vasculopathy may only
be obvious on FFA (Fig. 13.5a, b and c) [22].
Occlusion of the main retinal arteries have also
been described with the patients presenting clini-
cally as a branch or central retinal arterial occlu-
sion with corresponding changes FFA [57, 58].
13.4.4.1 Neuro-Ophthalmic
Involvement

Optic nerve involvement in dengue is a rare event,
and of the 14 patients reported, ten (70 %) had
bilateral disease with visual loss being the main
presenting complaint [20, 30-37]. The initial
visual acuity may range from 6/6 to no light per-
ception, and colour vision and visual field defects
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Fig. 13.5 (a) Fundal photograph showing swelling of the
macula with cotton wool spots. (b) Fundal fluorescein
angiography of the same eye showing leakage from peri-

are present unless the visual loss was too profound
to permit their recording together with a relative
afferent pupillary defect in unilateral cases. The
optic nerve involvement is usually in the form of a
papillitis with disc swelling and accompanying
peripapillary haemorrhages and cotton wool spots.
It may also appear as a retrobulbar neuritis with a
normal fundal examination with only the observa-
tion of dilated sluggishly reactive pupils in the
presence of poor vision to suggest an optic nerve
lesion [20, 33]. Seventy percent of the eyes eventu-
ally regained 20/40 or better vision, but some
patients may have persistent colour vision and

foveal venules in the mid phase. (¢) Indocyanine green
angiography of the same eye showing large vessel hyper-
fluorescence in the early phase

field defects, and disc pallor may be seen [20, 30—
37]. One of the patients with optic neuropathy also
had bilateral exudative retinal detachment.
Although the disc and retinal swellings are
resolved, there were residual intraretinal lipid
deposits which limited her visual recovery from an
initial 20/250 in both eyes to 20/100 in one eye and
20/30 in the other [31]. Another of these patients
presented as a neuroretinitis with macular star exu-
dates. However, this patient had complete resolu-
tion with no residual visual deficits [37]. Three
eyes (12.5 %) continued to progress to an eventual
hand movement or worse vision.
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Optic disc hyperaemia has also been observed
in eyes with maculopathy [22], and in these cases,
it can be difficult to exclude a concomitant neu-
ropathy without ancillary tests such as FFA and
electrophysiological tests as a severe maculopa-
thy can also give rise to colour vision deficits,
visual field defects as well as a relative afferent
pupil defect [59]. There have also been sporadic
cases of isolated palsies of the cranial nerves sup-
plying the external ocular muscles all of which
resolved spontaneously by 3 months [33, 38, 39].

13.4.5 Investigations

In addition to OCT, FFA and ICGA, ancillary
tests that may be required include perimetry and
electrophysiology.

13.4.5.1 Perimetry

Conventional perimetry with kinetic or static
perimeter is useful in documenting the field
defects in dengue optic neuropathy as well as the
scotomas seen in eyes with maculopathy.
However, as the maculopathy resolves, the subse-
quent changes in the scotomas may be subtle, and
microperimetry may better able to monitor these
changes [60].

13.4.5.2 Electrophysiology

Various modalities of electroretinography (ERG)
may be used in combination with the visual
evoked potential (VEP) to distinguish between
retinal and optic nerve dysfunction in cases
where the causes of poor vision are not clinically
apparent.

1. ERG

The full-field ERG reflects the global retinal
response and hence may be normal even when
maculopathy is present with a reduction in scoto-
pic b-wave amplitude, maximal b-wave implicit
time delay or amplitude reduction being seen in
only 50 % of patients with dengue maculopathy
[59]. The pattern ERG which measures macular
function specifically showed a decrease in the
P50 amplitude with preservation of the N95:P50

ratio in 57 % of the eyes in the series by Chia
et al. and in both patients studied by Mendes
etal. [59, 61]. The N95 component of the pattern
ERG is selectively decreased in eyes with retina
ganglion cell dysfunction and hence an abnormal
N95:P50 ratio serves as an indicator of optic
nerve involvement. The multifocal ERG provides
a topographical map of central retinal function
and was found to be abnormal in 73 % of Chia
et al.’s eyes [59] and is also useful in the evalua-
tion of macular function when clinical examina-
tion, OCT, FFA and ICGA are normal [62].

2. VEP

A delay in the P100 latency is non-specific
and may occur as a result of both optic nerve and
macular pathology. However, a delayed P100 in
the presence of a normal pattern ERG or fundal
examination serves to support a diagnosis of
optic neuropathy in eyes with poor vision and
abnormal pupillary response [33].

13.5 Diagnosis

The laboratory tests used to confirm a diagnosis
of dengue fever are determined by the timing as
well as local availability of the tests. Prior to day
5, when the patient is still febrile, the virus may
be detected by means of polymerase chain reac-
tion for viral RNA, ELISA or rapid tests for viral
antigen, in particular the nonstructural protein 1
(NS1) antigen, or virus cell culture. Subsequently,
as the fever settles when the viral load decreases
in tandem with an increase in antibodies produc-
tion, immunoglobulin (Ig)M or a rise in paired
sera IgG immunoassays is preferred. Although
NS1 antigen levels are highest during the first
week, it may still be detectable in some patients
even up to the second week of onset [63, 64].

13.6 Differential Diagnosis

The differential diagnosis for dengue fever include
numerous other febrile illnesses especially viral
fevers such as chikungunya, West Nile virus as
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well as other infections such as malaria, leptospi-
rosis and rickettsial infections as these are also
common in the tropical countries. Although travel
history is a vital component in the diagnosis of
dengue fever as its diagnosis may be made on
clinical grounds alone in patients from endemic
areas, laboratory tests described above may be
required to establish the diagnosis in other cases.

A number of the ocular manifestations of den-
gue may also be seen in other infectious as well
as non-infectious conditions. Subconjunctival
haemorrhages in particular are non-specific and
may be spontaneous. Optic neuritis may be
related to demyelinating disease as well as infec-
tious diseases such as Bartonella especially when
there is accompanying neuroretinitis. Retinal
haemorrhages, cotton wool spots and vasculitis
may also occur as a result of non-infective condi-
tions such as diabetes mellitus and hypertension
or in viral fevers such as chikungunya and human
immunodeficiency virus infections. Foveolitis
however has not thus far been described in asso-
ciation with any other conditions.

13.7 Management

There is no specific treatment for the systemic
disease and management consists of supportive
measures such as intravenous fluid resuscitation
and platelets transfusions. Similarly there is no
specific treatment required for subconjunctival
haemorrhage, the commonest manifestations of
ocular dengue. Corticosteroids have been used in
situations where an immune-mediated mecha-
nism has been postulated.

13.7.1 Dengue Uveitis

Seven of the eight reported cases that presented
with uveitis were treated with topical, periocular
and/or systemic corticosteroids according to the
severity and extent of the inflammation with sup-
plemental cycloplegics and glaucoma medica-
tions as required with good response. The
management and outcome of the child with pan-
ophthalmitis was not described [2, 41, 46].

13.7.2 Dengue Maculopathy

In general, patients who were asymptomatic had
good presenting vision, and/or rapid recovery
was managed conservatively. On the other hand,
those that had poor presenting visual acuity or
progressive visual loss and/or severe vasculitis on
angiography were treated with corticosteroids.

However, there are considerable variations in
the regimen used for including induction with
intravenous methylprednisolone at 1 g/day for 3
days followed by a tapering dose of oral pred-
nisolone, oral corticosteroids alone and periocu-
lar corticosteroids alone especially in eyes with
unilateral disease or where systemic therapy was
contraindicated as well as combinations of vari-
ous modalities of corticosteroids. Intravenous
immunoglobulins with intravenous hydrocorti-
sone were also administered if there was no
response to the initial corticosteroid therapy or if
there was further deterioration of the visual acu-
ity. Eighty to 100 % of eyes regained at least
20/40 vision with resolution of the fundal changes
although a slight scotoma may persist in a signifi-
cant proportion of eyes with foveolitis [18, 19,
22,47, 54, 65, 66].

One patient with bilateral occlusive vasculop-
athy and vitreous haemorrhage was treated with
oral anti-platelet therapy, panretinal photocoagu-
lation to one eye and pars plana vitrectomy in the
worse eye but lost vision in that eye due to mac-
ula ischemia [53]. Vitrectomy was also required
in a young girl who presented with light percep-
tion vision in one eye due to an organised vitre-
ous haemorrhage and had a resolving vitreous
haemorrhage in the fellow eye. At 3 months post-
operatively, her vision had recovered to 20/40.
The fellow eye was observed and remained stable
at 20/40 vision as well [48].

13.7.3 Dengue Optic Neuropathy

The indications for immunosuppressive therapy
were similar to those for maculopathy with
almost all patients receiving intravenous methyl-
prednisolone at 1 g/day for 3 days followed by a
tapering dose of oral prednisolone. Of the 13
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treated eyes, the vision in three eyes (23 %)
remained poor at hand movement or worse vision
due to optic atrophy, and seven (54 %) recovered
20/40 or better vision [20, 30, 32-35].

However, the benefits of therapy in dengue
maculopathy and optic neuropathy are uncertain
as fairly rapid, spontaneous recovery of Snellen
acuity may also occur even in eyes that had poor
initial acuity [8, 19-21, 35, 37, 54-56, 60, 67,
68]. Furthermore regardless of whether the
patients were actively managed or not and despite
clinical improvement, residual scotoma with
ERG abnormalities was perceived by almost all
the patients.

13.8 Prognosis

Most patients with dengue maculopathy regained
good Snellen acuity with considerable variation
in recovery rates, ranging from days to years.
However, despite normalisation of the retinal
profile on OCT, 30 to 100 % of patients may still
notice a scotoma especially in eyes that had
foveolitis [8, 18, 19, 21, 22, 47, 54-56, 60].
Unfortunately, recurrent maculopathy may occur
with subsequent dengue infection by a different
serotype resulting in an increase in size of the
previous residual scotoma [68].

The majority of patients with optic neuritis
similarly recover well although the recovery
again may be over years and there may be resid-
ual colour vision and visual field defects despite
a good Snellen acuity. However, about 10 % of
eyes sustained severe visual loss of hand move-
ment or worse [20, 30-37].

Conclusion

Dengue can affect any of the structures in the
eye and orbit as well as the cranial nerves either
via a thrombocytopenia-related event such as a
subconjunctival haemorrhage or an immune-
mediated process as in dengue maculopathy
and neuropathy. Many of these signs and symp-
toms are non-specific, and the patients may be
asymptomatic unless the macula or optic nerve
is involved. The only finding that is pathogno-
monic for dengue is a foveolitis. Some of the

posterior segment changes may be subtle and
may be missed unless there is a high index of
suspicion and may require electrophysiology to
establish a diagnosis. The management of den-
gue-related ocular disease is also unclear as the
majority of patients recover spontaneously as
their blood counts normalise, and even with
treatment, most patients with maculopathy or
neuropathy still continue to have a persistent
scotoma.

Core Messages

Dengue remains a major cause of morbid-
ity in tropical countries and is also of
increasing concern even in previously non-
endemic areas due to the resilience of its
host vector as well as the lack of a vaccine.
In view of the non-specific nature of its
clinical features, a detailed travel history is
an important element in any person pre-
senting with fever and visual symptoms.
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Rift Valley Fever

14

Rim Kahloun, Imen Ksiaa, and Sonia Zaouali

14.1 Introduction

Rift Valley fever (RVF) is an emerging arthropod-
borne zoonotic disease caused by RVF virus,
which belongs to the Bunyaviridae family and
the genus Phlebovirus [1]. RVF virus infection in
humans usually causes a self-limiting, acute and
febrile illness, but severe potentially lethal forms
may occur [2, 3]. Macular or paramacular retini-
tis that may lead to severe visual impairment is
the most common ocular complication of RVF
[4-10].

14.2 Epidemiology

RVF virus was first isolated in Kenya in 1930. It
has been responsible of outbreaks in Egypt in
1977, in Kenya and Somalia from 1997 through
1998 and in 2006-2007, in the southwestern
region of Saudi Arabia in 2000 [5], in Tanzania in
2007, in Sudan in 2007-2008 [11], and in
Mauritania in 2012 [12]. From the recent out-
breaks, RVF appears to have great potential for
spreading into new areas and with huge impact
on human and animal health [11].
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14.3 Pathophysiology

The RVF virus is an RNA virus with a diameter
of 94 to 100 nm that is transmitted to humans
mainly through direct contact with blood, excreta,
meat, or secretions of infected animals, consump-
tion of raw milk, and through mosquito bites that
belong to the genera Anopheles, Aedes, and Culex
[11]. Virus replication in the cattle gives high
rates of mortality and abortion. RVF virus infec-
tion in humans usually causes a self-limiting,
acute and febrile illness; however, a small num-
ber of cases progress to neurological disorders,
partial or complete blindness, hemorrhagic fever,
or thrombosis [13].

The timing of onset of RVF retinitis suggests an
autoimmune origin. A recent study shows that
serum samples from patients with RVF retinitis
were slightly more likely to have antibodies
against retinal tissue than control populations [14].

14.4 Clinical Features
14.4.1 Systemic Disease

The incubation period is generally from 3 to
7 days in humans [2, 3]. After the incubation
period, RVF virus is often responsible for
influenza-like symptoms including fever, head-
ache, arthralgias, myalgias, and gastrointestinal
disturbances [2, 3]. The temperature curve
usually shows a biphasic pattern, with an initial
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elevation lasting 2 to 3 days, followed by a remis-
sion and then a second febrile episode [2, 3].
Convalescence is typically rapid within few days.
Severe life-threatening clinical presentations
may rarely occur including a hemorrhagic fever
with liver involvement, thrombocytopenia, icterus
and bleeding tendencies, and a neurologic involve-
ment with encephalitis following a febrile episode
with confusion and coma [2, 3]. Death is infre-
quent but there may be some residual damage.

14.4.2 Ocular Disease

Ocular involvement has been reported to occur in
1 % to 20 % of RVF infections, usually 4 to
15 days after onset of RVF [4, 5]. Prevalent symp-
toms at presentation include blurred vision, float-
ers, and scotomas. Unilateral or bilateral retinitis
is the most common finding [4-10]. It typically
presents in the form of a large, single area of nec-
rotizing retinitis, macular or paramacular in loca-
tion (Figs. 14.1a and 14.2a). Retinal lesions show
early hypofluorescence and late staining on fluo-
rescein angiography. Associated posterior seg-
ment changes include severe retinal vasculitis,
retinal hemorrhages (Fig. 14.2a), vitritis, and
optic disc edema [4-10]. Nongranulomatous
anterior uveitis has also been described in asso-
ciation with posterior uveitis in patients with
RVF [4]. Anterior chamber inflammation resolves
spontaneously within 2 to 3 weeks from the onset
of systemic symptoms, and is unlikely to result in
complications such as glaucoma, posterior syn-
echiae, or cataract. On the other hand, retinitis
usually recovers within 10 to 12 weeks.
Permanent visual loss is common, mainly due to
macular or paramacular scarring (Fig. 14.2b),
retinal vascular occlusion, or optic atrophy (Fig.
14.1b) [4-10].

14.5 Diagnosis

Once an outbreak is recognized and early cases
are diagnosed, it becomes easier to suspect fur-
ther cases of RVF. The most common method of
laboratory diagnosis is based on serologic testing

Fig. 14.1 (a) Fundus photograph of the right eye of a
patient with Rift Valley fever shows a large active geo-
graphic retinitis involving the macula. (b) Six months
later, the focus of retinitis healed leading to severe sheath-
ing with optic disc atrophy (Courtesy, E. Abboud)

to detect anti-RVF virus IgM antibodies or a ris-
ing titer of IgG antibodies in the serum by ELISA
technique. Furthermore, viral RNA by RT-PCR
in serum or other tissue samples confirms the
diagnosis of RVF [15, 16].

14.6 Differential Diagnosis

The differential diagnosis for RVF retinitis
includes other infectious entities such as mea-
sles, rubella, influenza, cytomegalovirus, vari-
cella zoster virus, herpes simplex virus,
Chikungunya, Dengue fever, rickettsial infec-
tion, Lyme disease, syphilis, and cat scratch
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Fig. 14.2 (a) Fundus photograph of the right eye of a
patient with Rift Valley fever shows a large active geo-
graphic retinitis involving the macula associated to retinal
hemorrhages. (b) Fundus photograph of the same eye four
months later shows resolution of the focus of retinitis
leading to an atrophic macular retinochoroidal scar
(Courtesy, E. Abboud)

disease [8]. Other hemorrhagic fever viruses
have been reported to have ocular involvement
such as Hantaan virus, Puumala, Marburg, and
Ebola viruses [8]. The differential diagnosis of
RVF retinitis may also include non-infectious
entities like Behget’s retinitis.

These diseases can be differentiated from
RVF by clinical history and serologic testing.

14.7 Management

The current treatment of RVF is entirely support-
ive with intravenous fluids and when indicated,
blood transfusion, hemodialysis, or mechanical
ventilation. There is no antiviral therapy with
proven efficacy in this setting [11]. Preventive
measures are recommended including intensified

mosquito control, and protection against mos-
quito bites in areas of epizootic and human RVF
activity [17, 18]. Education regarding modes of
disease transmission and necessary precautions,
especially protection against mosquito bites is
vital. Vaccination of livestock may be a key ele-
ment in breaking the chain of human epidemics,
and could lead to control of this significant public
health threat [19].

14.8 Prognosis

Prognosis of RVF virus infection systemic disease
is good in most patients. However, severe cases
may result in death [11]. Ocular involvement is
frequently associated with permanent visual loss
resulting from macular and paramacular scarring,
vascular occlusion, or optic atrophy [4—10].

Conclusion

RVF infection should be considered in the dif-
ferential diagnosis of macular or paramacular
retinitis in a patient living in or returning from
a specific endemic area, especially during
confirmed outbreaks of the disease. Systemic
involvement in RVF infection is usually self-
limited; however, ocular involvement may
lead to severe permanent visual impairment in
most cases.

Core Messages

» Systemic disease: influenza-like symp-
toms with a biphasic-pattern fever, life-
threatening hemorrhagic fever.

e Ocular disease: macular or paramacular
necrotizing retinitis, anterior uveitis,
occlusive retinal vasculitis, retinal hem-
orrhages, vitritis, optic disc edema.

* Diagnosis: primarily based on epidemi-
ologic data and systemic symptoms, and
confirmed by serologic testing or PCR.

e Treatment: entirely supportive, with
prevention the mainstay of RVF infec-
tion control.
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* Prognosis:
Systemic disease: usually self-limited.
Ocular involvement: persistent severe
visual loss due to macular scarring, vas-
cular occlusion, and/or optic atrophy.
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15.1 Introduction

A retrovirus is an RNA virus encoding for a
reverse transcriptase, which translates the viral
RNA into a DNA provirus that is rapidly incorpo-
rated into the host’s genome [1]. Retrovirus
infections affect the systemic immune status and
cause various diseases, including ocular diseases
[2]. Retroviruses are currently classified as either
oncoviruses or lentiviruses. Oncoviruses are
associated with hematological proliferations and
tumors of the connective tissues [3]. Human
T-cell leukemia viruses (HTLVs) are representa-
tive oncoviruses, and HTLV-1 was the first retro-
virus described as being a causative agent of
human disease [4, 5]. Lentiviruses induce chronic
and progressive pulmonary and/or neurological
diseases. Human HIV is a representative of such
viruses and is the causative agent of acquired
immune deficiency syndrome [1].

After the discovery of the association between
HTLV-1 and adult T-cell leukemia (ATL) in the early
1980s, other HLTV-1-related diseases that were
identified included HTLV-1-associated myelopathy/
tropical spastic paraparesis (HAM/TSP) [6, 7] and
HTLV-1 uveitis (HU) [8-11]. By the 1990s, clinical
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and laboratory data including seroepidemiology,
clinical features, detection of proviral DNA and
mRNA of HTLV-1 from ocular tissues, and detec-
tion of viral particles from T-cell clones (TCC)
derived from the aqueous humor of the patient
helped establish that uveitis was significantly related
to HTLV-1 [10-15]. In addition to HU which is the
most common ocular finding, HTLV-1-associated
ocular disease may also include opportunistic infec-
tions/malignant infiltrations of the eye in ATL
patients and keratoconjunctivitis sicca [2].
This chapter is going to focuses on HU.

15.2 Epidemiology

HTLV-1 is known to have a unique geographic dis-
tribution, with an extremely high prevalence in the
southern part of Japan, Melanesia, the Caribbean
islands, Central and South America, as well as in
central Africa. Worldwide, there are 20 million
people estimated to be carrying the virus [16].
Recent surveys in Japan have indicated that the
seroprevalence of HTLV-1 is decreasing in the
general population. The reason for this reduction
is thought to be due to serological screening for
HTLV-1 in blood donors that was started 30 years
ago. These screenings have successfully cut
routes of the viral transmission, such as blood
transfusion and breast-feeding from mother to
child in endemic areas [17]. In contrast, a recent
metropolitan area survey showed that there has
been a significant increase in the number of
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HTLV-1 carriers due to the migration from
endemic areas to metropolitan areas in Japan [18].

Although HU incidence has clearly decreased,
it remains the most common cause of uveitis in
endemic areas in Japan, coming before Vogt—
Koyanagi—Harada disease, sarcoidosis, and toxo-
plasmosis [19]. HTLV-1 infection should also be
considered as a possible cause of uveitis in other
regions of the world, even though incidences
appear to be higher in Japan [13, 19-23].

The prevalence rate of HU among the HTLV-1
carrier population was studied in the southern
part of Japan. Independent clinical surveys con-
ducted on the island of Kyushu reported and esti-
mated 90-110 per 100,000 HTLV-1 carriers,
which indicates there are approximately 1.0 HU
cases per 1000 HTLV-1 carriers [24]. This preva-
lence is slightly higher than that reported for
HAM/TSP [25].

HTLV-1 seroprevalence in patients with uve-
itis appears to be correlated with older age [15,
19, 20]. In addition to that, higher prevalences are
found in women, especially after the age of
40 years. Since HTLV-1 is known to be transmit-
ted by infected lymphocytes in the sperm, this
may be a contributing factor for the higher preva-
lence of the disease in women versus men [15,
19, 20]. It is also of note that 25 % of the HU

female patients had a previous medical history of
Graves’ disease [26].

15.3 Pathophysiology

The majority of the infiltrating cells in eyes with
HU have been identified as CD3 T cells, and not
malignant or leukemic cells [27, 28]. HTLV-1
proviral DNA, HTLV-1 protein, and viral particles
have been detected in the infiltrating cells. HTLV-
1-infected CD4 TCCs are able to produce various
inflammatory cytokines in the eye, including
interleukin (IL)-1, IL-6, IL-8, tumor necrosis fac-
tor (TNF-a), and interferon (IFN)-y, which results
in ocular inflammation [29] (Fig. 15.1).

The amount of integrated virus in the host
genome is referred to as the provirus load and is
involved in the HTLV-1 disease pathogenesis.
Previous studies have shown that peripheral blood
of HU patients contains a significantly higher pro-
virus load compared to HTLV-1 asymptomatic
carriers [28]. HTLV-1 provirus load in the periph-
eral blood mononuclear cells was also found to be
correlated with intensity of the intraocular inflam-
mation and with history of Graves’ disease [30].
In addition to that, a greater HTLV-1 provirus load
in the eye, as compared to peripheral blood

Pathogenesis of HTLV-1 uveitis

O
. -
\ Vi . ..
dreouseaca%s

5

ANV
X

Muttcnfa&l’
v

Fig. 15.1 Schema for the pathogenesis of HTLV-1 uveitis

/ Various inflammatory cytokines

: Breakdown of
blood—ocular barrier

@ : Infiltrating cells
@: HTLV-1 infected

o ® > CD4*T cells

Retinal vasculitis

HTLV-1 uveitis is caused by inflammatory cytokines produced by HTLV-1-infected CD4+ T cells that significantly

accumulate in the eyes of patients



15 Human T-Cell Leukemia Virus Type 1

145

suggests a significant accumulation of HTLV-1-
infected lymphocytes in eyes with HU [28].

15.4 Clinical Features
15.4.1 Systemic Disease

Most HTLV-1-infected persons are considered to be
asymptomatic carriers. HTLV-1 causes HAM/TSP
and ATL in a small percentage of infected individu-
als. HTLV-1-infected subjects, without a diagnosis
of HAM/TSP, may also report subjective neurologi-
cal symptoms such as paresthesia and weakness, or
rheumatologic complaints mainly arthralgia. They
may also develop oral disorders including gingivi-
tis, periodontitis, and dry oral mucosa, or dermatitis
[31]. Interval between HTLV-1 infection and dis-
ease manifestations remains unclear.

15.4.2 Ocular Disease

HTLV-1-associated ocular disease includes HU,
opportunistic infections/malignant infiltrations of
the eye in ATL patients, and keratoconjunctivitis
sicca.

HU is usually characterized by a sudden onset
with floaters, foggy vision, or moderate visual
disturbance, with half of the affected patients
developing bilateral HU [20]. HU typically pres-
ents with moderate to severe vitreous
inflammation accompanied by mild anterior
chamber cells and mild retinal vasculitis without
any chorioretinal lesions (Fig. 15.2). Fluorescein
angiography shows mild dye leakage from the
retinal blood vessels (Fig. 15.3).

In most individuals, HU presents as an
intermediate uveitis. Panuveitis, anterior uve-
itis and retinal vasculitis without vitreous

Fig. 15.2 Color fundus pictures in a typical patient with HTLV-1 uveitis. (a) Moderate vitreous opacities are seen in

the right eye. (b) Inflammation is not seen in the left eye

Fig. 15.3 Fluorescein angiographic pictures in a typical patient with HTLV-1 uveitis. (a) Mild dye leakage from the
optic disc and retinal blood vessels is seen in the right eye. (b) Leakage is not seen in the left eye
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opacities are less common. Mutton-fat KPs are
often seen, but fibrin and hypopyon are
extremely rare in the anterior chamber. Vitreous
opacities are seen in more than 80 % of the
patients, with more than half showing some
form of vitreous membranous, lacework-like
or dense opacities. Mild non-occlusive retinal
vasculitis confirmed by fluorescein angiogra-
phy is also seen in more than half of the
patients. Although optic disc hyperemia may
be observed in some patients, it disappears
upon recovery from the intraocular inflamma-
tion and usually does not lead to atrophy.
Cystoid macular edema has been reported to
develop in less than 10 % of these patients [20].

15.5 Diagnosis

The diagnosis of HU should be based on sero-
positivity for HTLV-1 with no systemic evidence
of HTLV-1-related diseases such as ATL and
exclusion of other uveitis entities with defined
causes such as ocular sarcoidosis, Behget’s dis-
ease, or candidiasis [2, 32]. Careful ophthalmic
and systemic assessments and laboratory tests
are needed. The polymerase chain reaction
method on aqueous humor and peripheral blood
samples may be used to detect the HTLV-1 pro-
virus [33].

15.6 Differential Diagnosis

As previously mentioned, vitreous opacity and
mild vasculitis are the major clinical features
observed in HU. When diagnosing patients with
vitreous opacities for potential HU, ocular sar-
coidosis, Behget’s disease, pars planitis, and can-
didiasis must be excluded.

In ocular sarcoidosis, the nature of the vitre-
ous opacities is clinically similar to that during
HU. In HU, however, multiple snowball-like
opacities are seen to a lesser degree, and typically
punched-out-like multiple chorioretinal lesions
in the peripheral retina are not seen.

In Behget’s disease, the vitreous opacity is
denser than that observed in HU. Hypopyon, retinal
hemorrhages, and infiltrates, which are typical

features of Behcget’s uveitis, are not seen in
HU. Identification of systemic signs such as
recurrent oral aphthous ulcers, and skin lesions
are also helpful for differential diagnosis.

In addition to that, HU does not present
“string of pearls” or “balls of fluff” patterns seen
in candidiasis. The Candida antigens such as
B-D-glucan in the peripheral blood will be nega-
tive in HU. Moreover, the snowbank-like
changes seen in pars planitis are not observed
in HU.

Venous sheathing, occlusion, and thrombosis
of the retinal vessels typically seen in ocular sar-
coidosis are not common in HU. In addition, the
obstructive retinal vasculitis seen in Behget’s dis-
ease is not normally found in HU.

15.7 Management

Various inflammatory cytokines are produced
by the HTLV-1-infected CD4+ T cells that sig-
nificantly accumulate in the eyes of HU patients
[32]. Therefore, corticosteroid treatment should
be effective in treating the intraocular inflam-
mation seen in these patients, as it will sup-
press the cytokine production of the
HTLV-1-infected CD4+ T cells. The effective-
ness of corticosteroid administration is sup-
ported by an in vitro study which found that
addition of corticosteroids to a culture medium
suppressed the cytokine production from the
infiltrating cells [34].

A mild degree of anterior inflammation in
HU can be managed by the use of topical non-
steroidal or corticosteroidal drugs together with
mydriatics. A sub-Tenon’s injection of cortico-
steroids such as triamcinolone acetonide may
be an additional option when the patients have
only moderate inflammatory activity in the vit-
reous cavity.

In patients with severe vitreous inflammatory
activity and retinal vasculitis, oral corticoste-
roids should be better prescribed. It has been
reported that an initial dosage of prednisolone
started at 0.5 mg/kg daily followed by a tapering
off of the drug is effective. However, long-term
administration oral corticosteroids should be
avoided [2, 32].
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15.8 Prognosis

A good visual outcome is usually achieved with
topical, and/or periocular, or systemic corticoste-
roids. However, approximately half of the
patients experience recurrence of the uveitis [15].
Persistent visual impairment may result from
secondary glaucoma, cystoid macular edema, or
epiretinal membrane.

Conclusion

There have been clinical, seroepidemiologi-
cal, molecular, biological, and virological evi-
dence of HTLV-1-associated uveitis. Studies
have allowed a better understanding of HU
immunopathogenesis. However, many of the
mechanisms of HU remain unclear, including
how the HTLV-1-infected CD4+ cells are able
to breakdown the ocular blood barrier and
why the vitreous cavity is the major site of
inflammation. Corticosteroids are the main-
stay of HU treatment. They are able to sup-
press the cytokines produced by the infiltrating
HTLV-1-infected cells. However, it remains
unknown whether long-term corticosteroid
treatment is safe or if it will adversely affect
patients with HU.

Recent studies have shown new insights
into the molecular functions of the HTLV-1
basic leucine zipper factor and Tax [35].
However, at the present time, there have been
few studies undertaken to apply these new
findings in further HU research. A better
understanding of the mechanism of HU will
make it possible to potentially find more effec-
tive treatments in the future.

Core Messages

* A better understanding of HTLV-1 uve-
itis is of more importance today for oph-
thalmologists as recent surveys have
indicated that HTLV-1 carriers are now
thought to be spreading the disease from
local endemic areas to non-endemic
metropolitan areas.

The diagnosis of HTLV-1 uveitis is
made based on positive serology for
HTLV-1 and the exclusion of other
uveitis entities, which include sarcoid-
osis, Behcet’s disease, pars planitis,
acute retinal necrosis, and candidiasis.
A good prognosis is achieved following
adequate treatment with topical and/or
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systemic corticosteroids, although the
uveitis recurrence rate is high in these
patients.
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16.1 Introduction

The virus, particularly herpes virus family, has a
particular propensity for infecting ocular tissues.
Human herpes virus type 6 (HHVG6), type 7
(HHV7), and type 8 (HHVS8) are members of the
herpes virus family [1-3]. Recent diagnostic tech-
niques have indicated that infection/reactivation of
these viruses is implicated in ocular inflammatory
diseases. In this era of readily available polymerase
chain reaction (PCR) examination, the viruses
causing ocular inflammatory diseases, as well as
HHV6, HHV7, and HHVS can be identified. Here
we describe HHV6, HHV7, and HHVS infection in
the eye and associated ocular diseases.

16.2 Epidemiology

HHV6 is a widespread virus. HHV6 may infect
virtually almost all children during the early
years of life, and this virus establishes latency

S. Sugita, MD, PhD (D<)

Laboratory for Retinal Regeneration,

Center for Developmental Biology, RIKEN,
2-2-3 Minatojima-minamimachi, Chuo-ku, Kobe
650-0047, Japan

e-mail: sunaoph@cdb.riken.jp

T. Inoue
Tane Memorial Eye Hospital, Osaka, Japan

Department of Ophthalmology, Ehime University
School of Medicine, Ehime, Japan

© Springer International Publishing Switzerland 2017

after primary infection. It is difficult to be certain
whether HHV6 is the causative agent of intraocu-
lar inflammation in patients. As shown in our pre-
vious report [4], PCR analyses indicated that
7/350 ocular inflammatory patients (2 %) were
positive for HHV6 genomic DNA. In addition,
the corneal tissue samples of 1/65 patients
(1.5 %) tested positive for HHV6. The study of
another group also reported that HHV6 DNA was
detected in approximately 1 % of vitreous sam-
ples from patients with ocular inflammation [5].

HHV7, like HHV®6, is ubiquitous with trans-
mission occurring early in childhood although
initial infection appears to occur later than for
HHV6 [6, 7]. HHV7 that was isolated from the
peripheral blood lymphocytes of a healthy indi-
vidual could replicate and produce progeny
viruses in T cells [8]. Little is known about the
epidemiological characteristics and manifestation
of HHV7 infection. HHV7-related ocular mani-
festation was first reported as a unilateral corneal
endotheliitis in a healthy individual [9]. In our
unpublished results, HHV7 genomic DNA was
detected in the aqueous humor of approximately
1 % of cases with anterior uveitis or corneal endo-
theliitis associated with anterior segment ocular
inflammation due to unknown cause.

HHVS, the newest human herpes virus, was
identified using a molecular biological method in
tissues with Kaposi’s sarcoma of patients with
AIDS. This sarcoma is a rare malignant tumor of
the endothelia and vascular smooth muscle cells
[3]. HHVS8is also known under the alias of Kaposi’s
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sarcoma-associated herpes virus. The DNA
sequence of HHVS was detected in most of this
neoplastic lesions in AIDS patients; however,
HHVS8 s present in all forms of this disease whether
the patients are HIV infected or not [10]. HHVS is
associated with the neoplastic disease. HHVS-
related ocular manifestation was reported in ocular
adnexa, conjunctival Kaposi’s sarcoma, and other
neoplasms [11]. Apart from its presence in neo-
plasms, we were the first to report the presence of
HHVS in unilateral corneal endotheliitis with ante-
rior segment eye inflammation in a healthy indi-
vidual after keratoplasty [12]. In our unpublished
results, HHV8 genomic DNA was detected in the
aqueous humor in several cases with anterior uve-
itis or corneal endotheliitis due to unknown cause.

16.3 Pathophysiology

HHV6 can reactivate from its latent form after
primary infection. HHV6 can be classified into
two groups: variant A (HHV6-A) and variant B
(HHV6-B). HHV6 mRNA was detected in intra-
ocular samples from HHV6 genomic DNA-
positive  patients with active intraocular
inflammation, suggesting that viral replication or
reactivation may occur in the eye [4].

HHV6 can reside in a latent form in cells of
the lymphoid (e.g., T cells/B cells) and myeloid
lineage (e.g., monocytes), and it may enter the
inflamed eye via immune cells. Once in the eye,
HHV®6 can infect human retinal pigment epithe-
lial cells [13]. The majority of HHV6 DNA in
intraocular fluids of inflamed eyes might be a
consequence of the release of HHV6 DNA from
resident ocular cells and infiltrating immune cells
caused by intraocular inflammation.

HHV7 has strong homology with HHV6 and
belongs to the beta-herpes virus subfamily.
HHV7 uses the CD4 of CD4* T cells as its cellu-
lar receptor and competes with HIV infection
[14]. The association of HHV7 with human dis-
eases has not been almost recognized, although
HHV7 is also known to cause exanthema subi-
tum in children [15]. HHV7 is reactivated from
latently infected peripheral blood mononuclear
cells by T-cell activation, and HHV7 can provide

a transacting function(s) mediating HHV7 reacti-
vating from latency [16].

The HHV8 DNA sequence is closely related
to that of the Epstein-Barr virus (EBV) and to
that of a member of the gamma-herpes virus sub-
family [17]. These viruses infect lymphocytes
and are associated with cell immortalization and
transformation, which would lead to HHVS-
related neoplastic disease and could be associ-
ated with ocular inflammatory diseases [6].

16.4 Clinical Features

HHV6 is associated with immunodeficiency dis-
orders and neurological diseases [18, 19].
HHV6-B is a widely known causative agent of
exanthema subitum in children [19]. In addition,
HHV6 type A is a known causative agent of neu-
rological diseases [18, 19]. In the case of eye dis-
eases, HHV6 has been implicated in infectious
uveitis [4, 20] and other inflammatory diseases.
According to the previous reports regarding
HHVG6 [4, 20], almost all patients with uveitis
and endophthalmitis have active ocular inflam-
mation; that is, there are anterior chamber cells,
keratic precipitates, vitreous opacity, and fresh
retinal exudates/necrosis. On the other hand, this
virus is also associated with ocular surface
inflammation. In a patient with HHV6 DNA-
positive keratitis (Fig. 16.1), corneal infection
(corneal epithelial ulcer and ciliary injection)
was indicated. Since the clinical findings for dif-
ferent viruses are virtually indistinguishable, the
diagnosis is based on PCR of ocular samples.

Patients with HHV7-related ocular diseases
have active inflammation of the anterior segment
of the eye; that is, there are anterior chamber
cells, keratic precipitates, ocular hypertension,
and/or corneal edema that initiates from corneal
periphery and gradually progresses to total cor-
neal area [9].

HHV8-related ocular neoplastic diseases such
as Kaposi’s sarcoma of the ocular adnexa or con-
junctival Kaposi’s sarcoma include a vascular-
like lesion composed of spindle-shaped cells
[21]. In AIDS patients with Kaposi’s sarcoma,
many more patients might have some form of
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Table 16.1 Summary of systemic and ocular diseases
with HHV6-, HHV7-, HHV8-associated infection

Virus Systemic disease | Ocular disease
HHV6 | Exanthema AIDS-associated
subitum retinitis
Pneumonitis Iritis (uveitis)
Infections of CNS | Endophthalmitis
Corneal inflammation
(keratitis)
Optic neuropathy
HHV7 | Exanthema Iritis (uveitis)
subitum
Corneal endotheliitis
HHVS8 | Kaposi’s sarcoma | Iritis (uveitis)
Multicentric Corneal endotheliitis
Castleman
disease
Fig.16.1 Slit-lamp photograph of HHV6 DNA-positive Primary effusion | Conjunctival Kaposi’s
keratitis lymphoma sarcoma
Kaposi’s sarcoma of the
ocular adnexa

ocular involvement. A case with bilateral
Kaposi’s sarcoma was reported for a HIV-positive
homosexual male with histological, DNA and
serological evidence of HHVS [11]. Patients with
HHVS8-related ocular inflammatory disease simi-
lar to those with HHV7 disease have active
inflammation of the anterior segment of the eye
and/or corneal edema [12]. We have summarized
the systemic and ocular diseases associated with
HHV6, HHV7, and HHVS infection (Table 16.1).

16.5 Diagnosis

The diagnosis of HHV6 can be challenging due to
the high prevalence of infection and viral persis-
tence. Detection of the viral genome indicates
active or latent infections in the ocular samples.
PCR tests have been established in order to detect
active HHV6 infections [4, 22, 23]. Using these
PCR techniques, HHV6 genomic DNA was found
in ocular inflammatory diseases. For example, high
copy numbers of HHV6 DNA can be detected in
ocular samples using quantitative PCR examina-
tion (Fig. 16.2). For such diagnosis, ocular samples
(aqueous humor, vitreous fluids, cornea tissues,
and other ocular samples) need to be collected.
HHV7 or HHV8 genomic DNA has also
been detected by PCR in ocular samples. For the

CNS central nervous system

diagnosis of corneal endotheliitis, an aqueous
humor sample is prepared for examination. A
case of HHV7-related corneal endotheliitis after
Descemet’s stripping endothelial keratoplasty is
shown in Fig. 16.3.

16.6 Differential Diagnosis

Differential diagnosis of viral involvement in ocu-
lar disease is not yet possible because the involve-
ment of HHV6, HHV7, or HHVS8 in ocular
infections has not yet been clearly demonstrated.
In particular, it is necessary to differentiate HHV7-
or HHVS8-related corneal endotheliitis from other
viral causes including herpes simplex, varicella
zoster virus, and cytomegalovirus. In cases after
corneal transplantation, specific viral involvement
in allograft rejection needs to be differentiated.

16.7 Management

It is still controversial whether antiviral medica-
tion should be used or not for the treatment of
HHV6-related ocular diseases. However, in our
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Fig.16.2 Detection of Amplification Curves
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Fig. 16.3 Slit-lamp photograph(left) and fluorescein  (left), and epithelial edema is stained by fluorescein stain-
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experience, the intraocular viral DNA level and
intraocular inflammation decreased in response
to an antiviral agent plus systemic steroids [20].
Antiviral agents such as valaciclovir or valganci-
clovir should be used for such treatment. These
results suggest that HHV6 has some role in the
pathological physiology of ocular inflammation.

Treatment for HHV7-related corneal endothe-
liitis, like that of HHV6 treatment, remains con-
troversial. For the treatment of HHV7-related
corneal endotheliitis, local and/or systemic gan-
ciclovir, an antiviral agent for cytomegalovirus or
HHV7, and topical steroid were used [9]. In mild
cases, the ocular inflammatory symptoms related
to HHV7 were healed with topical ganciclovir
alone. However, the cases with severe ocular
inflammation related to HHV7 need to treat with
the systemic administration of ganciclovir in
addition to the topical ganciclovir.

Since anti-HHVS therapy has not been estab-
lished and is therefore unavailable, there is no
treatment option for specific HHVS8-related cor-
neal endotheliitis, and general anti-inflammatory
treatment using an agent such as a steroid can be
used. In a previous report, HHV8-positive cor-
neal endotheliitis was found in patients after pen-
etrating keratoplasty. Allograft rejection and viral
corneal endotheliitis can present with a similar
appearance. This case positive for HHVS in the
aqueous humor received only topical and sys-
temic steroid treatment as a unique therapeutic
option; however, graft finally failed [12].

16.8 Prognosis

The prognosis depends on the extent of ocular
inflammation. For example, in corneal endotheliitis,
prognosis depends on the remaining normal corneal
endothelial cell number after acute inflammation.

Conclusion

HHV6 infection may have a role as a causative
agent of severe intraocular inflammation. The
clinical relevance of HHV7 or HHVS in cor-
neal endotheliitis remains to be elucidated,
because detection of HHV7 or HHVS8 using
PCR does not necessarily mean that HHV7 or
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HHVS caused the clinical manifestations of
corneal endotheliitis. However, in a previous
report of HHV7 corneal endotheliitis, confir-
mation of HHV7 presence using real-time PCR
allowed confident initiation of the appropriate
ganciclovir treatment and subsequent clinical
improvement [9]. This topical antiviral therapy
that was effective for HHV7 improved the clin-
ical status along with decreasing the HHV7
load, which validated the possibility that HHV7
is a causative agent of corneal endotheliitis. On
the other hand, there is no therapeutic valida-
tion regarding HHVS8-related corneal endothe-
liitis because anti-HHVS therapy has not yet
been established. However, in a published
report of HHV8 corneal endotheliitis, HHV8
DNA expression was high in the aqueous
humor in the active inflammatory phase but not
in the stable phase [12]. Thus, since other
human herpes viruses are related with corneal
endotheliitis, HHVS8 can also be considered a
candidate virus related with corneal endotheli-
itis. These findings suggested that HHV7 or
HHVS infection can play a role in corneal
endotheliitis. The observed cases of HHV7 or
HHVS corneal endotheliitis presented unilater-
ally in the same manner as other types of her-
petic keratitis such as HSV, VZV, or CMV [24].
A previous report indicated that HHV7 appears
to be closely related to CMV and is found in
similar clinical situations. We recently reported
that we detected CMV in about 25 % of cases
with corneal endotheliitis of unknown etiology
[25]. The causes of the other 75 % of the endo-
theliitis cases are unknown.

Core Messages

Since these virus-positive cases are found
to have the viral genome in the inflamed
eye, HHV6, HHV7, and HHV8 infection is
implicated in ocular inflammatory diseases.
Thus, the ocular samples collected from
patients with infectious/inflammatory ocu-
lar disorders contain HHV6, HHV7, and
HHVS8 genomic DNA.
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17.1 Introduction

Cysticercosis is the most common ocular tape-
worm infection. It is caused by Cysticercus cellu-
losae, the larval form of the pork tapeworm,
Taenia solium. Man becomes infected by drinking
contaminated water or eating food containing the
eggs of Taenia solium [1]. Cysticercosis was first
reported by Semmering in 1830 from the anterior
chamber of the human eye, and the larva was iso-
lated by Schott in 1836 [2, 3]. The most common
form of systemic involvement is neurocysticerco-
sis. Ocular and adnexal cysticercosis represents
13-46 % of systemic disease [2, 3]. Cysticerci can
remain quiescent in the eye for up to 5 years.

17.2 Epidemiology

Cysticercosis has a worldwide distribution [3, 4].
Itis common in India, South and Central America,
Mexico, Southeast Asia and Sub-Saharan Africa.
It is rare in Great Britain and the United States.
Risk factors include poverty and poor sanitation,
both of which promote fecal-oral transmission of
disease. Although there is no gender or racial
predilection, patients are relatively young, and
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the disease is usually unilateral. Involvement of
the left eye seems to be more common than the
right eye [4, 5].

17.3 Pathophysiology

Taenia solium passes its life cycle in two hosts:
humans are the definitive hosts and the adult par-
asites live in the small intestine for several years.
The pig is the intermediate host and is also the
main host of the larva.

Human cysticercosis is caused by the inges-
tion of the pork tapeworm, 7. solium, when con-
taminated food such as contaminated vegetables,
fruits or water is consumed. The consumed eggs
behave as if they are within the intermediate host
and hatch in the upper intestines of humans. The
embryo penetrates the gut, invades lymphatics
and bloodstream, and travels to various organs
like the central nervous system, eyes and skeletal
muscles. The embryo discards the hooks and
forms a head or the scolex by invagination of its
wall, transforms into larvae and encysts in these
tissues which have a high metabolic turnover and
good glycogen supply. They may remain quies-
cent or die inciting an immunological reaction
due to the chemical toxins they release [1, 2].

Autoinfection can also occur from faecal-oral
contamination. In this case, man becomes the
definitive host of the adult tapeworm, and eggs
are released into the feces. Sometimes, man
acquires the parasite by ingestion of undercooked
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pork containing the larval cysts. The larval cyst
develops in the intestine as the adult tapeworm.
Thus a patient can harbor both the larval cyst and
the adult forms of 7. solium. It has been specu-
lated that the cysticercosis enters the eye via the
choroidal circulation, where the vessels have a
larger flow rate. From the choroid, it migrates
into the subretinal space and then into the vitre-
ous cavity through a hole in the retina. This pas-
sage probably incites inflammation and results in
the formation of a chorioretinal scar [6].

17.4 Clinical Features

Ocular cysticercosis may affect any portion of the
visual pathway from the orbit to the visual cortex.
The common sites of ocular involvement include
retina/subretinal space (41 %), vitreous cavity
(27 %), subconjunctival space (21 %), anterior
segment (8 %) and lids/orbit (4 %) [7]. The symp-
toms depend on the location and the problems
caused due to the mass effect of the cyst or inflam-
mation due to the dying parasite. Review of symp-
toms may reveal a history of epilepsy [6, 7].
Intraocular cysticercosis may be asymptomatic
or present with poor or blurring of vision, floaters,
pain, photophobia or red eye. Cysts may be pres-
ent in the anterior segment and vitreous, subretinal
and submacular locations (Figs. 17.1, 17.2, and
17.3) [8-11]. Symptoms may occur for a few
weeks or months before presentation. Visual acu-
ity varies from slight blur in vision in peripheral
subretinal cysticercosis to hand movements in sub-
macular cysticercosis. If the cyst is alive within the
eye, it often induces a mild to moderate inflamma-
tory reaction in the anterior chamber and/ or the
vitreous. It is spherical, translucent with a scolex
that undulates with evagination or invagination in
response to the examining light. A dying parasite
can lead to intense inflammatory reaction due to
the liberated chemical toxins, which can even lead
to blindness and phthisis (Fig. 17.4). Oedema,
haemorrhages, subretinal exudates, sheathing of
retinal vessels, exudative retinal detachment, reti-
nal pigment epithelial disturbances and optic disc
hyperaemia may also be seen. Optic nerve involve-
ment is a very rare presentation. It usually presents

Fig.17.1 Fundus photograph showing a cysticercus cyst
in the vitreous

Fig.17.2 Fundus photograph showing subretinal cyst

Fig. 17.3 Fundus photograph showing mushrooming of
the cyst from the subretinal layer into the vitreous
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Fig.17.4 Fundus photograph showing severe inflamma-
tion in a dead cyst

with marked diminution of vision and field loss
with or without proptosis. Papilledema and papil-
litis with a relative afferent papillary defect are
common presenting signs [12] (Fig. 17.5).
Subconjunctival involvement may be asymp-
tomatic, present as recurrent conjunctivitis not
responsive to topical antibiotics or a painful or pain-
less swelling of the conjunctiva. The most common
symptoms associated with orbital cysticercosis are
diplopia (due to restrictive ophthalmopathy), recur-
rent pain and redness. Other presentations include
gradually increasing nonaxial proptosis, ptosis and
lid nodules. Infection of the extraocular muscles
usually causes problems due to the mass effect or

Fig.17.5 External photograph and CT scan orbits showing ptosis and restriction of elevation in the right eye before
medical treatment (a) and improvement after medical treatment (b). Arrow showing the location of cyst
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Fig. 17.6 CT scan of the brain showing multiple ring
lesions in neurocysticercosis

the inflammatory response. The most common
muscle to be infected is the medial rectus (42 %)
followed by the superior rectus (18 %), lateral rec-
tus (15 %), inferior rectus (13 %), superior oblique
and levator palpebral superioris (5 % each) and
inferior oblique (1 %) [7].

17.5 Systemic Cysticercosis

The most common systemic manifestation is
neurocysticercosis (Fig. 17.6). It is the cause of
epilepsy in 50 % of partial seizures in adults. The
patients may present with seizures, recurrent
headaches, increased intracranial pressure or as a
psychiatric disorder. Signs of meningoencephali-
tis may occur in case of multiple cysts.
Subcutaneous nodules and inflammatory cells in
the muscles may be seen [1, 2, 6].

17.6 Diagnosis

The diagnosis is usually on the basis of history
including travel to endemic regions of the
world, ingestion of raw or undercooked pork or

FROZEN

Fig.17.7 Ultrasonography of the eye showing a globular
cyst with high reflectivity inner wall and a high reflective
echo corresponding to the scolex in the centre

known previous infections with this tapeworm.
A history of relapsing inflammations, subcuta-
neous nodules or neurologic symptoms may
indicate infection with this parasite [7].
Laboratory findings include eosinophilia in
71 % cases. Enzyme-linked immunosorbent
assay (ELISA) for the cysticercosal antigen is
available. It has sensitivities of 65-98 % and
specificities of 67-100 % in neurocysticercosis
depending on the specific test, cyst burden,
location and phase of the infection. A positive
test needs to be interpreted in the context of the
clinical picture [7, 13, 14].

Imaging is the most useful test because of the
highly specific appearance of the encysted para-
sites. The characteristic “hanging drop” sign of a
sonolucent cyst with well-defined margins in
orbital cysticercosis is characteristic. A central
circular and highly reflective scolex within the
cyst is highly supportive of the diagnosis of cys-
ticercosis. It can also be used for follow-up
examinations to note the regression following
medical treatment [7, 15, 16].

On CT scans, it appears isodense to the vitreous
humour, while on MRI, it appears isointense to
CSF on T1- and T2-weighted images. A live cyst
does not enhance with contrast, while the dying
cyst enhances in contrast due to the surrounding
inflammatory reaction. CT scan cranium shows
multiple ring lesions in neurocysticercosis.
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Fig.17.8 Photograph of the excised cyst with pearly white scolex (inser) and microphotograph showing the cyst wall
and branching body cavity of the Cysticercus cellulosae

Ultrasonography of the eye reveals a cyst-like
structure with a high amplitude echo correspond-
ing to the inner wall of the cyst and the overlying
retina. A dot-like echo corresponding to the sco-
lex may be seen in the cyst (Figs. 17.7 and 17.8).

17.7 Differential Diagnosis

Cysticercosis can mimic focal chorioretinitis as
in toxoplasmosis in hazy media, retinoblastoma
and coats disease in children, diffuse unilateral
subacute neuroretinitis and a choroidal tumour
[6, 17].

17.8 Management

The type of treatment used for cysticercosis
should be tailored to the symptoms and location
of the cyst. For orbital cysticercosis, medical
treatment is very useful [7]. The first line of ther-
apy includes oral albendazole given at the rate of
15 mg/kg body weight/day for a month, although
different randomized clinical trials mention
1 month, 15 days and even 1 week [18]. This

broad-spectrum antihelminthic acts by inhibiting
glucose uptake of the parasite and interferes with
its ATP production. Due to lack of energy pro-
duction, the parasite becomes immobilized and
eventually dies. An alternative is praziquantel but
has an inferior cyst elimination rate compared to
albendazole [18]. It is recommended that oral
corticosteroids at a dose of 1 mg/kg body weight
along with cysticidal drugs are given to suppress
the associated inflammatory response from the
dying cyst. Surgical removal is usually contrain-
dicated because of the extensive resections
needed, the posterior location of most of the
lesions and the likelihood of inducing a fibrotic
reaction further restricting the movement of the
eye. The treatment of intraocular cysticercosis is
usually surgical removal of the intact cyst. Recent
reports show more favorable visual outcome with
extraction of subretinal cysts with vitrectomy
rather than via a sclerotomy [8, 9]. Sharma et al.
reported relative good postoperative outcomes
with final visual acuity of 20/200 or better
achieved in more than half of eyes in their series
[9]. The treatment guidelines of optic nerve cys-
ticercosis are not well established due to the pau-
city of literature. Though cysticidal therapy with
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oral steroids is the treatment of choice in most
cases, the treatment needs to be individualised
[12]. Cysticidal therapy may not be very useful in
calcified lesions.

17.9 Prognosis

A successful outcome from treatment of ocular
cysticercosis requires death and removal of the
organism and effective suppression of any inflam-
mation. Cysts elimination rates of 92-95 % have
been reported in orbital cysticercosis. Complete
recovery of ocular motility usually occurs within
3—6 months but may take longer [7]. It depends
on the chronicity of the disease and the sequelae
of inflammation. Barring few reports, good visual
recovery has been reported even with optic nerve
involvement [12]. Visual outcomes due to intra-
ocular cysticercosis have been quite poor in the
past. More favourable visual outcomes have been
reported in recent years due to early presentation
and diagnosis, improved surgical techniques of
cyst removal and extraction of subretinal cysts
with vitrectomy rather than sclerotomy [9].

Core Messages

Cysticercosis is a parasitic infection caused
by Cysticercus cellulosae, the larval form
of Taenia solium. It can involve any part of
the visual pathway including the orbits and
adnexa. Diagnosis needs to be considered
in patients coming from endemic regions
and history of seizures. Diagnosis is con-
firmed by imaging and does not routinely
require tissue biopsy. Treatment needs to
be individualized and includes medical
treatment with antihelminthic drugs and
oral steroids and surgically excision of an
intact cyst.
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18.1 Nematodes
18.1.1 Introduction

Nematodes are complex multicellular worms
approximately 5—100 pm thick and 0.1 mm to less
than 2.5 mm long [1]. After entering the body, the
nematode can localize to any part of the eye: lids,
extraocular tissue, lacrimal gland, anterior cham-
ber, vitreous, retina and subretinal space creating
visual problems and destroying the various struc-
tures in the eye by mechanical, immunological or
allergic reaction or a combination of all these.
Ocular diseases caused by nematodes:

. Toxocariasis

. Gnathostomiasis

. Onchocerciasis

. Loiasis

. Diffuse unilateral subacute neuroretinitis
(DUSN)

. Dirofilariasis

. Angiostrongyliasis

8. Bancroftian and Brugian filariasis
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18.2 Toxocariasis

Toxocariasis in humans is caused accidentally by
ingesting infected eggs from soil or eating food
contaminated with faeces. Direct contact with
infected animal can be another mode of infection
though it occurs less frequently. Most commonly
children who have the habits of pica, geophagia
or coprophagia are more prone for contracting
toxocariasis [2].

18.2.1 Epidemiology

Toxocariasis cases are found worldwide and are
found both in rural and urban parts of the world.
High prevalence has been reported from the
United States, Japan and Argentina [3-5]. Low
prevalence reported from rural areas can be due
to diagnostic challenges. There is an increased
trend in tropical regions than in temperate regions
[6]. The prevalence of toxocariasis ranges from
2.8 % 10 92.8 % [7].

18.2.2 Parasitology/Life Cycle
(Table 18.1)

Toxocara larva is one of the smallest larvae that is
encountered in the eye [8]. It is caused by organism
Toxocara canis, which occurs from infected dog or
less frequently from Toxocara catis, where cat is
infected by the organism [1]. It has a complex life
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Table 18.1 Ocular nematode, their host and infective stage

Parasite/disease Definite host Intermediate host Accidental host | Infective stage in man
Toxocariasis Cats and dogs Birds and rodents Humans Cyst, migrating
larvae
Onchocerciasis Human Black fly - Third-stage larvae
(Simulium)
Loiasis Human Deer fly (Chrysops) - Third-stage larvae
Gnathostomiasis Dogs, cats, Cyclops (first), fish, Human Third-stage larvae
wild carnivores snakes, frog (second )
Dirofilariasis Dog, cats Mosquito — Aedes, Humans Larvae
Anopheles, Culex
Angiostrongyliasis Rodents Snails, prawns, crabs | Humans Third-stage larvae
Bancroftian Humans Mosquito — Aedes, Adult worm or
and Brugian filariasis Anopheles, Culex microfilariae
Anopheles, Mansonia
cycle. Humans are the paratenic host (unsuitable 18.2.3.2 Ocular

host — in which no transformation in the larval
stage takes place). The second stage larva enters
in the systemic circulation and reaches up to the
terminal arterioles and form granuloma wherever
they lodge.

18.2.3 Clinical Features

Toxocara larvae can be found in any organ in
humans, and many cases are discovered acciden-
tally. Clinically the disease occurs in two forms:
systemic toxocariasis and ocular toxocariasis.
Both the forms rarely coexist [2, 9].

18.2.3.1 Systemic

Itis also known as visceral larva migrans (VLM)
and occurs in children aged between 2 and
3 years, who have history of pica. They develop
symptoms of fever, anorexia, weakness, failure
to gain weight, myalgia and arthralgia. These
symptoms are due to host immune response
to toxoplasma larvae. There can be allergic
pulmonary symptoms and other symptoms of
pneumonitis, pneumonia, hepatomegaly, sple-
nomegaly, lymphadenopathy, eosinophilia,
hypergammaglobulinaemia, elevated level of
IgE, neurological involvement with seizures
and myocarditis [9].

It is also known as ocular larva migrans (OLM).
Ocular involvement usually occurs in children
older than 3 years and in young adults. The symp-
toms occur due to weak host immune response.
Children may present with strabismus, decreased
vision and leukocoria which is an important dif-
ferential diagnosis for retinoblastoma [2]. Ocular
involvement occurs in five ways. Anterior seg-
ment involvement is very rarely involved. Only
few case reports are available in literature [10]. In
peripheral variant a fibrovascular band may be
seen running from a whitish granuloma in the
periphery to the optic nerve or posterior pole (Fig.
18.1). It can lead to tractional or rhegmatogenous
retinal detachment [2, 9]. Sometimes a well-
defined mass of variable size of Y4—4 disc diameter
may be seen in the posterior pole associated with
vitreous haze. It may masquerade as retinoblas-
toma. In the later stage, there may be either atro-
phy or hyperplasia of the retinal pigment
epithelium in the macula [2, 11]. Optic nerve
involvement is a rare entity, and when present it
has the clinical features of optic neuritis/papillitis
[12]. The most common presentation of Toxocara
is as endophthalmitis. Dense vitreous haemor-
rhage may be present, and a yellowish-whitish
mass may be faintly visible through vitreous haze.
Externally the eye may look quiet or may some-
times have a granulomatous reaction with mutton
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Fig. 18.1 Fundus image showing peripheral form of
toxocariasis

fat keratic precipitates. Hypopyon may be seen in
very severe cases [12].

The various differential diagnosis of toxoca-
riasis includes retinoblastoma, Coats’ disease,
persistent hyperplastic primary vitreous (PHPV),
familial exudative vitreoretinopathy (FEVR) and
retinopathy of prematurity (ROP).

18.2.4 Diagnosis

The clinical diagnosis of Toxocara is quite obvi-
ous, but still a confirmatory diagnosis is required
in suspicious cases or for documentation. The
larvae or its fragments may be directly visible
under the microscope from tissue sections, but
it’s extremely cumbersome and risky to collect
samples from ocular tissues. In a Wilder’s classic
study, only one larva was detected in 2300 cases
examined [1]. Eosinophilia is noted in the blood
of patients with systemic toxocariasis; however,
the eosinophil count can be normal in patients
with ocular toxocariasis [2]. The diagnosis of
Toxocara can be clinched by indirect enzyme-
linked immunosorbent assay (ELISA) which
detects the immunogenic proteins known as
Toxocara excretory-secretory (TES) antigens
that are shed from the larvae [13]. A titre of 1:8 or
more of ELISA along with signs and symptoms
of Toxocara is sufficient to aid the diagnosis of
Toxocara [2, 14]. However, there are few case
reports of negative ELISA in Toxocara [15]. In
literature the sensitivity for ELISA for Toxocara
is variable with a range between as low as 33 %

and as high as 92.2 % (depending upon the cutoff
value of the titres) [2]. Detecting rising titres of
anti-TES-Ag immunoglobulin E (IgE) antibody
indicates acute toxocariasis. The titres return to
normal after treatment and help in monitoring
treatment therapy [13]. Increased IgG titres con-
firm a past or present infection without signifi-
cant inflammation. Ultrasonography (USG) is
important to differentiate it from retinoblastoma,
where Toxocara appears as mass lesion and mul-
tiple vitreous membranes can be seen running
from mass to disc, some of which are highly
reflective. Intraocular calcification has been
reported in some cases, and in that case other
imaging modalities and serological test differen-
tiate it from retinoblastoma [16]. The role of
ultrasound biomicroscopy (UBM) is synergetic
with USG as demonstrated by Zhou et al., where
they could identify 95 % of the peripheral sub-
types of toxocariasis [17]. Typical pseudocystic
degeneration of the vitreous was picked up on
UBM by Tran et al. [18].

18.2.5 Treatment

Treatment of Toxocara depends upon the severity
of disease. Oral steroids in a dose of 0.5-1 mg/kg
body weight or periocular steroids may be
required in cases of posterior uveitis along with
topical steroids and cycloplegics for associated
anterior uveitis [2]. The role of anthelmintic
drugs  (diethylcarbamazine, thiabendazole,
mebendazole, albendazole) is controversial due
unavailability of ocular pharmacodynamics and
pharmacokinetics of these drugs. However,
Barisani AT et al. [19] have treated seven eyes of
five patients with oral albendazole along with ste-
roids and have shown promising results. Ahn SJ
et al. demonstrated that albendazole with steroids
could reduce the recurrence to 17.4 % as com-
pared to 54.5 % in patients who were adminis-
tered only steroids by the end of 6 months, though
the vision and inflammation improvement was
the same in both the groups [2]. In majority of
cases at the time of presentation, the parasite is
dead and can be treated with steroids alone due to
the inflammation caused by the dead parasite;
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however, in cases of live parasite, systemic alben-
dazole can be tried/recommended (adult dose
800 mg BID, children 400 mg BID for 7—14 days)
[2]. Surgical intervention is required for associ-
ated tractional or rhegmatogenous retinal detach-
ment or endophthalmitis [20].

18.3 Gnathostomiasis

Gnathostomiasis is a food-borne disease caused
by infection with larvae of Gnathostoma species.
Intraocular infection by Gnathostoma species is
quite rare but can be devastating [21].

18.3.1 Epidemiology

Around 12 species of Gnathostoma are known
tillnow; however, only four species (Gnathostoma
spinigerum, Gnathostomiasis hispidum,
Gnathostoma doloresi, Gnathostoma nipponi-
cum) have been reported to be zoonotic. Among
these Gnathostoma spinigerum is a well-studied
species and was discovered in Thailand in 1889.
The cases of infection with G. spinigerum are
mostly reported from Thailand, Japan, Malaysia,
China, India, Java, Israel, Vietnam and the
Philippines [22-24]. The total 74 cases of gna-
thostomiasis were reported worldwide, and about
83.5 % of the cases have been reported from
Asian countries or among people travelling from
these endemic countries [25].

18.3.2 Parasitology/Life Cycle
(Table 18.1)

Dogs/cats are the definitive host parasitizing the
adult worms in their stomach; the eggs are
released from the animal’s stools. Cyclops are the
first intermediate host, and freshwater fish, eel,
frog or snake are the second intermediate host.
Pigs, ducks and chicken are the paratenic hosts.
Humans acquire infection by eating the second
intermediate host or the paratenic hosts. The
third-stage larvae migrate in the internal organs,
eyes and subcutaneous tissues; however, they do

not mature into adult in humans. In humans a
third larval stage, immature worms and adult
worms can be found [1].

18.3.3 Clinical Features

18.3.3.1 Systemic

Skin and mucous membrane involvement is known
as Gnathostoma externa. The classical cutaneous
lesions are migratory where the larvae can travel a
centimetre or more within an hour under the skin
producing local oedema and haemorrhage. The
patient will have painless, non-pitting oedema
with associated erythema and pruritus [26].
Internal organ involvement is also known as
Gnathostoma interna. The patient presents with
nausea, vomiting, pruritus, urticaria and abdomi-
nal pain. High mortality in gnathostomiasis is due
to invasion of parasite to the brainstem and medulla
oblongata or due to subarachnoid haemorrhage.
Initially, the patient may present with symptoms of
meningitis or meningoencephalitis [27-29].

18.3.3.2 Ocular

It occurs due to third larval stage of the parasite.
The ocular involvement is due to migration of
worm from the brain to the eye via optic nerve or
directly through the scleral invasion. Two most
striking forms of ocular involvement are of eyelid
and the intraocular migration of the parasite (Fig.
18.2). The cornea and conjunctiva can also be

Fig. 18.2
chamber

Showing Gnathostoma worm in the anterior
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involved. The patient may present with corneal
ulceration, orbital cellulites like picture,
hyphema, vitreous haemorrhage, central retinal
artery occlusion, secondary glaucoma, traumatic
retinal hole (due to larva migration) and retinal
detachment [25, 30-34].

18.3.4 Diagnosis

The diagnosis of gnathostomiasis can be reached
by this classical triad of patients travelling from
endemic countries, history of consuming raw fish
and peripheral eosinophilia, though reports in lit-
erature have shown that patients may present
without eosinophilia and eosinophils are increased
only during the migratory phase of the parasite
[27]. Eosinophil count can also be used as a
marker for treatment response [32]. Microscopic
identification of the parasite is the only way of
making the definitive diagnosis, though it’s chal-
lenging due to the migratory nature of the para-
site. ELISA test is a more recent and reliable
methodology for diagnosis [31]. However, ELISA
test for both Gnathostoma and Angiostrongylus
species should be performed together as both of
them show cross sensitivity for each other [25, 31,
32]. Elevated levels of immunoglobulin E (IgE)
antibodies are noted in acute infections.
Ultrasonography (USG) and ultrasound biomi-
croscopy (UBM) have been reported to be a use-
ful entity for the diagnosis of nematode, where the
parasite is not clinically visible. Bhende et al. [28]
have shown the nematode to move from the iris
root to the posterior segment through zonules over
6-min time span on UBM [30].

18.3.5 Treatment

Surgical removal of the parasite from the skin,
anterior chamber and vitreous cavity of the eye is
preferred because if the parasite migrates to the
brain, the outcomes are fatal [30, 33, 34]. The
role of anthelmintic medicine is controversial,
though in literature there are case reports of suc-
cessful treatment of Gnathostoma with oral
albendazole 400 mg/day for 21 days [22, 24, 25].

18.4 Onchocerciasis

Onchocereciasis is an infection of humans caused
by filarial nematode Onchocerca species, trans-
mitted to human beings by the bite of infected
black fly of the genus Simulium [11]. Of lately
there has been increasing reports of zoonotic
Onchocerca, and many reports have been with
infections in and around the eye [8]. It may also
manifest as dermatitis, subcutaneous nodules and
sclerosing lymphadenitis [35-37].
Synonyms: River blindness, sowda [38, 39].

18.4.1 Epidemiology

About 37 million people are infected with oncho-
cerciasis worldwide, and most of the cases (99 %)
of onchocerciasis have been reported from Africa
[40]. It has also been reported from Eastern
Mediterranean, the United States, Hungary,
Turkey and India [41-43]. The ‘Onchocerca
Control Programme’ started by WHO in 1974 in
Africa has been successful in interrupting the
transmission of onchocerciasis to near zero level
[44, 45].

18.4.2 Parasitology/Life Cycle
(Table 18.1)

The species reported to cause ocular infection are
O. volvulus, O. gutturosa or O. cervicalis, O. retic-
ulata and O. lupi [1, 8]. Adult worm is present in
the skin of the host (man); it may produce half to
one million microfilariae, which migrate to the
skin or eyes of the host. When a black fly bites
these infected humans (only female fly can bite),
they suck blood with microfilariae and are then
released to the skin of other hosts when it bites [1].

18.4.3 Clinical Features

18.4.3.1 Systemic

The clinical features include dermatitis, subcuta-
neous nodules, sclerosing lymphadenitis and
ocular lesions. There is intense pruritus and
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depigmentation of the skin along the track of the
worm. ‘Onchocercomas’ are painless fibrous
nodules that are predominantly seen on the head
and face and on the body involving the skin, peri-
osteum or bone [35, 36]. These are due to female
worms and microfilaria encapsulated in fibrous
coat. The lymph nodes draining the affected area
show granulomatous inflammation [37].

18.4.3.2 Ocular Features

The ocular features are mainly due to dead micro-
filaria. The corneal involvement is in the form of
punctate keratitis (dead microfilaria) and scleros-
ing keratitis (live microfilaria). The peripheral
cornea is most commonly involved with
snowflake-like opacities which gradually prog-
ress towards the centre of the cornea leading to
blindness. Microfilaria can also be seen in the iris
stroma or anterior chamber causing granuloma-
tous or non-granulomatous uveitis leading to iris
atrophy, synechia and occlusio pupillae. There is
involvement of the retina, or choroid is in the
form of bilateral and symmetrical focal areas of
atrophy and eventually progresses to large areas
of atrophy. This chorioretinitis progresses to
involve the optic disc leading to optic neuritis and
secondary optic atrophy leading to blindness [35,
38,42, 43, 45-49].

18.4.4 Diagnosis

Microfilaria can be demonstrated in the dermis or
epidermis on skin biopsy [36]. Mazzotti test is an
allergic reaction to oral administration of diethyl-
carbamazine (DEC), which causes intense pruri-
tus, fever, swollen and tender lymph nodes and
can be life threatening. This allergic reaction
occurs due to death of the microfilaria. ELISA
test and polymerase chain reaction (PCR) are the
other tests for detection of microfilaria.

18.4.5 Treatment

The most effective drug against Onchocerca is
ivermectin; it is administered orally as a single
dose of 150 mg/kg/day and repeated every

6—-12 months. It is microfilaricidal and is not
effective against the adult worm [43, 45, 48].
Diethylcarbamazine (DEC), in a dose of 25 mg/
day for 3 days, 50 mg/day for 5 days, 100 mg/day
for 3 days and 150 mg/day for 12 days, is given.
However, this regimen does not kill all the micro-
filaria; besides it is also associated with high
recurrence of onchocerciasis. An allergic reaction
(Mazzotti reaction) is also common with it [48].
Doxycycline is a microfilaricidal and well-
tolerated drug. It has also been tried effectively
for treatment of O. volvulus in co-infection with
Loa loa [11]. Surgical removal of the onchocer-
comas can be done, but it’s challenging in deep-
seated nodules.

18.5 Loiasis

Loiasis is caused by ‘eye worm’ Loa loa and is
transmitted by an insect vector deer fly of genus
Chrysops. It has predilection for ocular tissue
[50].

18.5.1 Epidemiology

It is endemic in Africa and its prevalence is
reported to be 50 % [51]. There has been spread
of loiasis to other countries like Spain. There are
few case reports of loiasis from Italy and London
[51-53]. Choi SU et al. studied 320 cases of para-
sitic infections from 2004 to 2011 and reported
the incidence of Loa loa to 0.3 % [54].

18.5.2 Parasitology/Life Cycle
(Table 18.1)

It is the adult worm that affects the eye as against
the Onchocerca volvulus which is caused by
microfilaria. Chrysops fly when it bites human
beings (hosts) sucks the blood with microfilaria.
This fly then inoculates the larvae into another
host it bites. In host these microfilariae mature
into adults in the subcutaneous area. The adult
worm migrates to the eyes of the host. The adult
worms live for 1215 years [1].
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18.5.3 Clinical Features

18.5.3.1 Systemic

The patient has intense pruritus of the limbs,
chest, back and face. There is oedema of the
limbs and face [55]. Later on in the disease, there
can be involvement of the heart, kidney and CNS
leading to death ultimately.

18.5.3.2 Ocular

The most interesting manifestation is seeing the
worm move across the conjunctiva: it is pathog-
nomonic for loiasis [55]. The patient may present
with decreased vision, conjunctival injection and
pain on ocular movement. There are numerous
case reports of microfilaria migrating in the eye-
lids, anterior chamber, vitreous and retina (Loa-
induced retinopathy) [56]. Obstruction of the
retinal and choroidal vessels leads to aneurysmal
dilation and haemorrhages in superficial layers of
the retina [51].

18.5.4 Diagnosis

Diagnosis is mostly clinical in patients, who have
travelled to endemic areas and are exhibiting
symptoms suggestive of loiasis. Confirmatory
diagnosis is made by seeing the worm under the
microscope. The worm can be removed from
subconjuctival space or subcutaneous space;
however, the larvae may still be present in the
blood after its removal [1]. Afternoon and mid-
night blood films help in the detection and quan-
tification of microfilaraemia.

18.5.5 Treatment

Diethylcarbamazine is the mainstay of treatment.
It is lethal to both adult worm and microfilaria.
The standard regimen is Day 1, 50 mg; Day 2,
50 mg three times daily; Day 3, 100 mg three
times daily; and from Day 4 to Day 21, constant
dose of 3 mg/kg three times per day. Pretreatment
with oral steroids should be considered before
initiation of DEC therapy as it will take care of
the severe immune reaction and encephalopathy

caused by the death of microfilaria. Alternate
treatment with ivermectin and albendazole can be
considered [53, 57-59].

18.6 DUSN (Diffuse Unilateral
Subacute Neuroretinitis)

Diffuse unilateral subacute neuroretinitis
(DUSN) is a rare entity caused by a glistening
white, motile nematode seen wandering in the
subretinal space. It was initially known as ‘unilat-
eral wipe-out syndrome’ [7]. The term DUSN
was coined by Gass in 1978 [60].

18.6.1 Epidemiology

DUSN was initially reported from America and
later from China, Brazil and India [61, 62].

18.6.2 Parasitology/Life Cycle
(Table 18.1)

Two types of worms are said to cause DUSN: the
small one, Ancylostoma caninum and Toxocara,
and other larger worm — Baylisascaris procyonis.
DUSN worm is tapered at both ends [7, 63, 64].

18.6.3 Clinical Features

18.6.3.1 Systemic

DUSN usually occurs in children and young
adults. The patients may present with features of
cutaneous larva migrans, which may precede the
visual symptoms and the other devastating form
of neural larva migrans [7].

18.6.3.2 Ocular

Gass demonstrated a non-granulomatous reaction.
In early stages it manifests as vitritis, multifocal
choroiditis and papillitis. Early diagnosis can
aid in laser photocoagulation of the worm along
the vicinity of grey white retinal lesions. In late
stage it leads to secondary optic nerve atrophy
(due to destructions of retinal layers), retinal
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Fig.18.3 Showing tracks of DUSN worm

vessel narrowing, diffuse changes in retinal pig-
ment epithelium, peripheral RPE hypopigmenta-
tion and formation of various RPE tracks which are
visible clinically (Fig. 18.3). These changes are
caused due to toxic effect of the worm products on
the outer retina [65]. DUSN though causes damage
to all the layers of the retina, and it predominantly
destroys the inner retina (nerve fibre layer) and reti-
nal pigment epithelium [65, 66].

18.6.4 Diagnosis

Seeing a motile worm on biomicroscopy is the
gold standard for diagnosis [61]. Berbel et al. have
demonstrated that in cases where DUSN is sus-
pected, optical coherence tomography (OCT)
helps in the assessment of nerve fibre layer and
areas of oedema [65]. This non-invasive test helps
to differentiate it from other mimicking conditions
like toxoplasmosis where the retinal nerve fibre
layer is spared. Intraretinal worm can be picked up
on enhanced depth imaging OCT, where it appears
as a hyperreflective object of irregular shape,
affecting all the layers of the retina [65].

18.6.5 Treatment

Laser photocoagulation can be used to treat the
nematode in early disease with good visual prog-
nosis. Oral albendazole 400 mg/day for 30 days

has been tried [67-69]. High-dose systemic ste-
roids are required to counter the severe inflamma-
tion caused by the worm and its by-products [69].

18.7 Dirofilariasis

Dirofilariasis is a zoonotic disease caused by the
nematode Dirofilaria species. Mosquito is a vec-
tor responsible for the transmission from animal
hosts to humans. Though it is a rare intraocular
entity, many case reports across the globe are
available [70].

18.7.1 Epidemiology

It is endemic in Mediterranean countries. Now
various cases are reported from all across the globe;
Europe, France, Greece, Spain, Russia, Dubai and
South Asia [71-75]. The highest number of cases
has been reported from Italy, Sri Lanka and
Republic of ex-Soviet Union [76]. Off lately there
has been an increase in case reports from South
India, though it is a non-endemic country [76-79].

18.7.2 Parasitology/Life Cycle
(Table 18.1)

The most common species infecting humans are D.
tenuis, D. immitis, D. repens, D. striata, D. ursi and
D. spectans [80]. It affects mostly the dogs, cats and
other canines (wolves, foxes). Mosquito acts as a
vector for dirofilariasis, which proliferates in warm
and humid areas; therefore, the incidence of dirofi-
lariasis is on the increase in hot and humid areas [1].
Man is an unsuitable host for Dirofilaria and the
microfilaria dies before it gets mature in human.

18.7.3 Clinical Features

18.7.3.1 Systemic

The pulmonary and cutaneous manifestations are
the most common presentation of dirofilariasis,
followed by the cardiopulmonary manifestations.
Ocular presentations are less common [71, 72].
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18.7.3.2 Ocular

It can affect the various intraocular and periocular
tissues [70, 81]. It can occur in subconjuctival
space, in the Tenon’s layer, lids, orbit and intraocu-
lar in the anterior chamber or vitreous (Fig. 18.4)
[81, 82]. Subconjuctival is the most common loca-
tion, seen in almost greater than 60 % of people,
followed by orbital/eyelid seen approximately in
25 % [80]. Kalogeropoulos et al. have seen intra-
vitreal dirofilariasis in two out of their eight cases
(25 %) [80]. Mostly the cases are unilateral;
recently Gupta et al. have reported bilateral intra-
ocular dirofilariasis with a live motile worm in the
anterior segment of one eye and a cystic lesion on
the optic disc of the other eye [70]. Dirofilariasis
can also present as multifocal choroiditis [83].

18.7.4 Diagnosis

Nematode can be expressed from the subcutane-
ous tissue and subconjunctival or after vitrec-
tomy and examined under the microscope. High
suspicion should be kept in endemic areas.
Peripheral blood shows eosinophilia and the
count returns to normal after the removal of para-
site. Indirect hemagglutination test and ELISA
test have also been used in the diagnosis of diro-
filariasis. Ultrasound and magnetic resonance
imaging can be non-invasive and quick diagnos-
tic modalities [72, 81].

in anterior

Fig. 18.4 Showing Dirofilaria worm
chamber

18.7.5 Treatment

Parasite should be removed from the ocular tis-
sues as suggested by Kalogeropoulos et al. [80].
No anthelmintic treatment was required as the
parasite was reproductively inactive.

18.8 Angiostrongyliasis

Angiostrongyliasis is caused by nematode
Angiostrongylus cantonensis species and is trans-
mitted by rodents (Table 18.1). Ocular angiostron-
gyliasis is a rare entity affecting only 1.1 % of the
patients affected with Angiostrongylus [84].
Ocular involvement is seen in the cerebral form of
the disease [85]. Most of the cases were reported
from Thailand, and few cases were reported from
other countries like Sri Lanka, India, China,
Taiwan, Japan and Vietnam [24, 86-88]. Human
beings are the intermediate host, and they acquire
the infection by eating prawns, crabs or snails (car-
riers of nematode). The worm can be isolated from
the anterior chamber, vitreous, retina or subretinal
space. Patients may have generalized retinal pig-
ment alterations, subretinal tracks and macular
oedema. Optic neuritis is another manifestation of
A. cantonensis. Eosinophilia, ELISA test, Western
blot and use of specific monoclonal antibodies aid
in the diagnosis of angiostrongyliasis. Examining
the nematode with its tapering ends is the most
reliable diagnostic method. Surgical removal of
the living nematode is the recommended therapeu-
tic measure, and the worm has been removed even
from the subretinal space. Oral steroids reduce the
intraocular inflammation. There is no role of
anthelmintics, because the dead parasite may cre-
ate havoc inside the eye [89].

18.9 Bancroftian and Brugian
Filariasis

Bancroftian filariasis is caused by the worm
Wuchereria bancrofti, and Brugian filariasis is
caused by the worm Brugia malayi or Brugia
timori (Table 18.1). These are one of the oldest
groups of parasitic infections occurring in the
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eye, which date back to several years [8, 90].
These infections are also known as ‘lymphatic
filariasis’ as these worms harbor in the lymphatic
system of the body. The obstruction of the lym-
phatics causes the classical symptoms of ele-
phantiasis, chyluria and hydrocele. Though there
is no lymphatic drainage for the ocular tissue,
still Wuchereria bancrofti has been identified
from intraocular tissues in humans. There are
numerous case reports of W. bancrofti being
identified from the conjunctiva and anterior
chamber, but there are very few case reports of
the worm being identified from the vitreous cav-
ity [91-94]. The first case report was reported in
2005 [94]. Presumably Wuchereria bancrofti
causing retinal pigment epithelium inflammation
and retinal vasculitis is managed effectively by
diethylcarbamazine citrate therapy [95]. Recently
Rao NG et al. were successful in removing a live
Brugian microfilaria from the vitreous by pars
plana vitrectomy [96]. Microfilaria can invade
any structure of the eye including the anterior
chamber, iris, lens capsule, retina, choroid and
lacrimal gland. Elephantiasis of the lid has also
been reported in the literature [97].

Conclusion

Seeing a live worm in and around the eye is
always a horrifying situation for the patient as
well as the clinician. Though intraocular nem-
atode is a rare entity, various nematodes have
been isolated from the human eye. Prompt
diagnosis with high index of suspicion in
endemic areas and early identification of the
worm on biomicroscopy can be sight saving
for the patient. Appropriate removal of the live
nematode from the eye and identification of its
morphology under the microscope are the pre-
ferred treatment modality in most of the cases.
The dead parasite itself in the eye can cause
devastating immunologic reaction, which can
be controlled to some extent with the use of
steroids. Anthelmintics should be initiated
whenever needed. Healthcare-based pro-
grammes, public health notifications and
awareness among physicians help to curb
these parasites and various parasite-related
diseases at very early stage.

J. Biswas and N. Bansal

Core Messages

Parasitic infections pose a major health
concern in both developed and developing
countries, causing significant morbidity
and mortality. There is variety of nema-
todes which may localize to any part of
eye and may lead to significant visual loss.
Hence necessary actions are required at
Government level which can spread
awareness among masses by organizing
various awareness and eradication pro-
grammes. Efforts are also required at
Individual level to help in proper sanita-
tion and sticking to the treatment regimen
can overcome this challenging situation.
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19.1 Introduction

Fungal endophthalmitis is a sight-threatening dis-
ease most commonly caused by Candida species
[1-3]. Candida endophthalmitis can result from
hematogenous dissemination or, more rarely,
from direct inoculation following penetrating
trauma, surgery to the eye, and intraocular exten-
sion of ocular surface infections. Endogenous
infections range from isolated chorioretinitis to
endophthalmitis with extension into the vitreous.

19.2 Epidemiology

Candida species are an important cause of noso-
comial infections. In contrast to other types of
endophthalmitis where bacteria are the most prev-
alent pathogens, patients with endogenous endo-
phthalmitis are more likely to have fungal isolates,
with a predominance of Candida albicans [1-3].
Although Candida albicans remains the most
common pathogen, non-albicans species such as
C. tropicalis, C. parapsilosis, and C. stellatoidea
have also been identified [4]. The candidemia
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usually occurs in hospitalized patients.
Historically, the rate of ocular involvement has
been reported to be very high between 28 and
37 % of patients with candidemia [5-7]. However,
some studies have suggested that the current prev-
alence of Candida chorioretinitis and endophthal-
mitis is significantly lower, ranging from 2 to
16 % [8—12]. In a recent study, the prevalence of
definitive infectious chorioretinitis/endophthal-
mitis was less than 1 % in patients with fungemia
[13]. The earlier recognition of infection and the
use of prophylactic systemic antifungal therapy
have been suggested as the main reason for the
decrease in the prevalence of ocular involvement
in fungemia [12-14]. Furthermore, outpatients
may also present with endogenous Candida endo-
phthalmitis. Some of these patients may have a
recent history of hospitalization, gastrointestinal
tract surgery, indwelling central venous catheter,
or a history of illicit intravenous drug use [15].
For these patients, candidemia may be transient
and visual acuity decrease may be their only com-
plaint. Hence, endogenous fungal endophthalmi-
tis represents a diagnostic challenge because they
may be misdiagnosed as autoimmune uveitis.

19.3 Pathophysiology/
Predisposing Factors

Candida species are the most common cause of

invasive fungal infections in humans. Candida
exists predominantly as unicellular yeasts with
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small, thin-walled ovoid cells that reproduce by
budding. There are over 20 species that can cause
infection in humans, and Candida albicans is by
far the most common. Candida albicans is a
commensal microorganism, isolated from
approximately 70 % of the healthy population
[16]. It can be found in the intestinal and urogeni-
tal tracts and the oral cavities. However, in some
circumstances, the same strains of Candida albi-
cans can become pathogenic. These infections
can be superficial and affect the skin or mucous
membrane (such as oropharyngeal and esopha-
geal candidiasis) or can invade the bloodstream
and involve any organ. Invasive candidiasis
includes candidemia, disseminated candidiasis,
endocarditis, meningitis, endophthalmitis, and
other deep organ involvement. Candida albicans
is the fourth leading cause of nosocomial blood-
stream infections, with a high mortality rate
(range from 37 to 59 %) [17].

Three major components of the pathogenesis
of invasive candidiasis can be identified, includ-
ing the increase of fungal colonization, typically
resulting from the use of broad-spectrum antimi-
crobial agents, the breakdown of normal mucosal
and skin barriers (e.g., indwelling vascular cath-
eters, recent surgery or trauma, or severe mucosi-
tis associated with cytotoxic chemotherapy and
radiation), and the immune dysfunction (e.g.,
neutropenia). Moreover, Candida species can
adhere to intravascular catheters or other pros-
thetic devices.

Hence, three high-risk groups for ocular can-
didiasis can be distinguished. The first one
includes recent major gastrointestinal surgery,
abortion, cancer and chemotherapy, broad-
spectrum antibiotics use, indwelling catheters,
parenteral alimentation, debilitating diseases
(e.g., diabetes mellitus), immunosuppressive
drugs, prolonged neutropenia, organ transplanta-
tion, or a combination of these, such as prolonged
length of stay in an intensive care unit [18-20].
The second one concerns newborn infants in the
neonatal ICU, especially in case of low-weight-
birth infants [21, 22]. The third one is the group
of intravenous drug users [23-29]. In this con-
text, ocular infection may be isolated without evi-
dence of systemic candidiasis (Fig. 19.1).

Possible sources of infection have been
explored. In the mid-1980s, in France, an out-
break of candidiasis followed the introduction on
the drug market of a new brown heroin [30],
which had poor water solubility. This drug had to
be dissolved in lemon juice or another acidic sol-
vent. The hypothesis that the lemon juice used to
dissolve the heroin might have been contami-
nated with Candida albicans carried by drug
users was suggested [31, 32]. Moreover, lemon
juice has been shown to be a good growth medium
for yeasts [33, 34]. However, it has also been sug-
gested that yeasts may be present in saliva used
for drug dissolution or transmitted by needle
licking before injecting the heroin [24, 26].
Finally, endogenous Candida endophthalmitis
may occur rarely in healthy, immunocompetent
patients without any risk factors [35].

Contrary to superficial fungal infections, dis-
seminated candidiasis, especially ocular infections
such as Candida chorioretinitis or endophthalmi-
tis, is uncommon among HIV-infected patients.
An explanation would be that immunity against
systemic candidiasis is not dependent on cell-
mediated immunity, but depends mainly on neu-
trophil cellular activity, which is not severely
disturbed in HIV infection [36, 37].

In the USA and Europe, an ophthalmic exami-
nation is recommended for all candidemic
patients to rule out intraocular involvement [14].
In the current era of widespread prophylactic
antifungal therapy, ocular fungal infection is rare,
and some studies highlighted that the usefulness
of routine ophthalmic consultations for all funge-
mic patients is relatively low [12, 13].

19.4 Clinical Features
19.4.1 Systemic Disease

Superficial mycoses include oropharyngeal, vag-
inal and cutaneous candidiasis, and paronychia
and onychomycosis. Invasive candidiasis can
involve virtually any organ and hence have a vari-
ety of clinical manifestations. Candida species
may cause endocarditis, vertebral osteomyelitis,
meningitis, cerebral abscess, endophthalmitis,
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Fig. 19.1 Endogenous Candida albicans endophthalmi-
tis in a 28-year-old male with a history of intravenous
drug abuse. Note vitreous haze from vitritis, vitreous
white fluffy lesions, and edematous optic disc (a). At

septic arthritis, involvement of the kidney, pneu-
monia, etc. This is why a positive blood culture
for Candida species should always be considered
and antifungal therapy is nowadays recom-
mended for any episode of candidemia [14, 38].

A syndrome was reported in heroin addicts
treated for systemic Candida albicans infections
including cutaneous lesions (scalp nodules and
pustulosis in hairy zones), ocular localizations
(mainly chorioretinitis), and osteoarticular
involvement (vertebrae, costal cartilage, knees,
and sacroiliac) [30].

19.4.2 Ocular Disease

Patients may be asymptomatic and patients who
are seriously ill may not be able to voice any
visual changes. In other cases, symptoms are due
to chorioretinal or vitreous involvement and may
include floaters and blurred vision and scotoma,
without pain in early stages. A red painful eye
with photophobia arises from anterior uveitis and
decreased vision resulting from macular chorio-
retinal involvement or dense vitritis. Candida
chorioretinitis lesions are initially located at the
level of the choroid and/or retina and spread into
the vitreous cavity in the late phase. Early, the

6 months, favorable clinical response after vitrectomy,
one intravitreal amphotericin B injection, and systemic
fluconazole treatment (b)

characteristic findings are creamy, white, well-
circumscribed lesions, associated or not with reti-
nal hemorrhages or perivascular sheathing,
associated with overlying vitreous cellular inflam-
mation. Lesions may be singular or multiple and
posterior or peripheral. Occlusive retinal vasculi-
tis is an uncommon complication of Candida
infection [39]. Retinal hemorrhages may surround
small necrotic lesions and appear similar to Roth
spots. The vitreous exudates may assume a
“string-of-pearls” or fluff ball appearance (Fig.
19.2). Chorioretinal lesions may become difficult
to see at the late stage due to vitritis.

The anterior segment initially may be normal.
Over time, patients may develop anterior uveitis
with ciliary injection, non-granulomatous keratic
precipitates, posterior synechiae, flare, cells, and,
in severe cases, hypopyon (Fig. 19.3). Resolution
of the acute chorioretinitis may result in perma-
nent pigmentary scarring. Epiretinal membrane,
vitreoretinal traction, macular hole, choroidal
neovascularization, or retinal detachment may
occur. Rare cases of spontaneous healing have
been described [40-42].

Unlike endogenous fungal endophthalmitis, the
vast majority of fungi identified in exogenous
cases are molds. However, Candida species may
be isolated in such situations, up to 29.8 % in a
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Fig.19.2 Candida albicans endophthalmitis. Note typical fluff ball appearance of vitreous exudates (a) and “pseudo”

Roth spots (b)

Fig.19.3 Candida albicans endophthalmitis following a
gastrointestinal surgery. Note the hypopyon (a). At 7 days,
favorable clinical response after vitrectomy, one intravit-

recent study [43]. In comparison with bacterial
endophthalmitis, exogenous fungal endophthalmi-
tis often presents with a latency period of weeks to
months after intraocular inoculation with insidious
course [44]. Typically, there are infiltrates in the
anterior vitreous and fibrinous exudate in the ante-
rior chamber. Confirmation of clinically fungal
exogenous endophthalmitis is obtained by aspira-
tion of aqueous humor and vitreous for microbio-
logical analysis. Twenty-two isolates from patients
with postsurgical endophthalmitis due to Candida
parapsilosis as a result of exposure to a contami-
nated ocular irrigating solution were published by
McCray et al. [45].

real amphotericin B injection, and systemic fluconazole
treatment (b)

On fluorescein angiography, active lesions
were early hypofluorescent and progressively
became totally hyperfluorescent.  Active
choroidal inflammations appear as hypofluores-
cent spots on indocyanine green angiography
without additional lesions than in fluorescein
angiography [46].

OCT can clearly show the progression of cho-
rioretinal lesions. Thus, OCT findings can show
early lesions as a dome-shaped protrusion of the
outer retina and pigment epithelium, then lesions
involve the inner retinal layer as a hyper-
reflective lesion, and finally, late-stage lesions
appear like well-circumscribed, hyper-reflective,
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Fig. 19.4 Endogenous Candida albicans chorioretinitis
in a patient with a history of indwelling central venous
catheter in the context of pancreatic cancer (blood cul-
tures were positive). Note creamy white lesions in the
right (a) and the left eye (b). Ocular coherence tomogra-
phy (OCT) findings show a well-circumscribed, hyper-
reflective, dome-shaped elevation overlying the retina

with dense shadowing obscuring the underlying structures
in the right eye (c¢) and a lesion of the outer retina and pig-
ment epithelium in the left eye (d). At 2 months, favorable
clinical response after systemic fluconazole treatment in
the right eye (e) and in the left eye (f). OCT findings show
persistent vitreoretinal traction in the right eye (g) and a
paramacular chorioretinal thinning in the left eye (h)
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dome-shaped elevation overlying the retina with
dense shadowing obscuring the underlying struc-
tures [47]. OCT can also demonstrate large fluffy
balls extending into the vitreous body and dense
vitritis (Fig. 19.4). Hence, OCT is useful for mon-
itoring progression of Candida endophthalmitis
and its response to therapy, as well as in retinal
complication detection.

19.5 Diagnosis

It is important to maintain a high index of suspi-
cion of endogenous Candida ocular infection.
Actually, the diagnosis of Candida endophthal-
mitis is usually based on the appearance of typi-
cal fundus lesions in a patient with disseminated
Candida infection or significant risk factors.
However, Candida blood culture may be negative
even when disseminated disease is present, pre-
sumably because some patients only have tran-
sient or intermittent fungemia [48]. In this way,
Martinez-Vazques et al. reported seven blood-
positive cultures in 15 cases (47 %) of C. albi-
cans endophthalmitis in intravenous drug abusers
[27]. Moreover, isolation of Candida species
from at least one extra-digestive site (urine,
mouth, throat, upper and lower respiratory sys-
tem, postoperative aspiration, or other suspected
sites such as intravenous lines and indwelling
catheters) supports the presumptive diagnosis
[49]. Candida colonization is a reliable indepen-
dent risk factor for candidemia [50, 51] and a
colonization index (number of colonized sites/
number of sampled sites) >0.5 is associated with
an increased risk of candidemia with identifica-
tion of the same Candida species in the colonized
sites and bloodstream [52].

Vitreous biopsy can help to confirm the diag-
nosis of endophthalmitis. However, the yield of
positive cultures from vitreous samples is vari-
able, ranging from 26 to 68 % in literature [18,
27, 53, 54]. Vitreous specimens obtained by vit-
rectomy might be more sensitive than specimens
obtained by needle biopsy, probably because the
majority of Candida is present in vitreous near
the retina and only sampled during vitrectomy
from posterior vitreous near the retina and not by

vitreous tap [55]. Henderson et al. confirmed that
anterior chamber tap for culture was a poor diag-
nostic method in an experimental model [56].
Furthermore, polymerase chain reaction (PCR)
has shown to be of high specificity for fungal
detection in vitreous [57], even though PCR on
humor aqueous seems to be not as sensitive as on
vitreous [58]. Hence, PCR may allow a rapid
diagnosis of fungal endophthalmitis. The use of
serologic tests for circulating antibodies or anti-
gens may be useful in providing a presumptive
diagnosis of invasive fungal infection. However,
the utility of these approaches remains to define
in fungal endophthalmitis [59].

It is important to keep in mind that an infec-
tious disease expert should be consulted because
a complete medical workup for other sites of
involvement is needed.

19.5.1 Differential Diagnosis

The differential diagnosis of Candida endo-
phthalmitis includes endogenous bacterial endo-
phthalmitis, endogenous endophthalmitis caused
by other fungal organisms, toxoplasmic retino-
choroiditis, primary intraocular lymphoma, and
herpes virus family retinitis, in particular cyto-
megalovirus, multifocal choroiditis, and poste-
rior uveitis.

19.6 Management

Four major categories of systemic antifungal
agents used in candidiasis can be distinguished:
the polyenes (amphotericin B deoxycholate and
its lipid formulations), the triazoles (fluconazole,
itraconazole, voriconazole, and posaconazole),
the echinocandins (caspofungin, anidulafungin,
and micafungin), and the flucytosine. It is impor-
tant to keep in mind that in fungal endophthalmi-
tis treatment, achieving adequate concentrations
of antifungal agents in the choroid, retina, and
vitreous is crucial to success.

Amphotericin B has long been considered the
standard of therapy for intraocular fungal infec-
tions. Very few resistances were described and
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only Candida lusitaniae is frequently resistant to
amphotericin B [60]. However, several studies
noted the poor penetration of both amphotericin
B deoxycholate (AmB-d) and its lipid formula-
tions into the vitreous [61, 62]. Furthermore,
amphotericin B use has been limited due to its
systemic adverse effects, such as nephrotoxicity,
fever, and hypotension. Amphotericin B has been
injected directly into the vitreous as adjunctive
treatment in severe fungal endophthalmitis [63,
64]. However, toxicity to the retina has been
reported in rabbits with doses between 1 and
10 pg [65-67]. Experimental studies suggested
reduced toxicity with intravitreal injections of
liposomal amphotericin B [68, 69]. Amphotericin
B intravitreal injection doses typically adminis-
tered in humans are 5 or 10 pg/0.1 mL.

Flucytosine ocular penetration appears to be
good, but this drug should not be used as monother-
apy due to its propensity for the selection of resistant
organisms. Hence, flucytosine is an adjunctive agent
that can be used in combination with amphotericin B
for the treatment of Candida endophthalmitis.
Flucytosine is active against most Candida species,
with the exception of C. krusei [14].

Fluconazole, an older generation of triazole,
is most commonly used in ocular candidiasis due
to its excellent efficacy, its low toxicity, and its
good intraocular penetration [70-72]. Studies in
humans have shown good response rates associ-
ated with amphotericin intravitreal injection [63]
or not [73-76]. However, fluconazole had a lim-
ited spectrum of antifungal activity, and resis-
tances were noted in immunosuppressed hosts
who received long-term treatment. Fluconazole
is active against all Candida species, except C.
krusei, some strains of inherently resistant C.
glabrata, and strains of C. albicans, which
acquired resistance. Fluconazole treatment fail-
ures have been reported in endophthalmitis, even
in cases of Candida albicans [77, 78].
Fluconazole is available in both intravenous and
oral formulations.

Itraconazole has broader activity, but suffers
from irregular absorption. It is not usually used in
such cases. Furthermore, oral itraconazole has
limited penetration into eyes with fungal endo-
phthalmitis [79].

Voriconazole is a second-generation triazole
available since 2002 with an extended spectrum
of activity, including C. krusei, C. glabrata, and
certain molds. Although voriconazole was highly
active against C. glabrata, resistance to voricon-
azole has been reported. Moreover, voriconazole
inhibited 90 % of clinical isolates of Candida
species at a concentration six to eight times less
than that determined for fluconazole [80].
Voriconazole is available in both intravenous and
oral formulations. Voriconazole has excellent
oral bioavailability achieving therapeutic aque-
ous and vitreous levels in the noninflamed human
eye [81]. Despite these advantages, only a small
number of patients who had Candida endophthal-
mitis treated with systemic voriconazole are
described in the literature [82-84]. The most
common adverse effects of voriconazole reported
are disturbances of vision (photopsia, disturbed
color vision, and blurring of vision), skin rashes,
and elevations in hepatic enzyme level. The
patients should be warned of the risk of photo-
sensitization. The potential for drug interactions
with voriconazole is high.

Voriconazole is also considered for intravit-
real injection. Experimental studies showed no
significant toxicity [85, 86], suggesting that an
intravitreal voriconazole concentration up to
25 pg/mL is safe and that a dose of 100 pg could
be used safely for intravitreal injection in humans
[85]. Several reports have been published about
the safety and efficacy of intravitreal voricon-
azole in fungal endophthalmitis [82, 87].
Voriconazole intravitreal injections may be safer
than amphotericin B injections and may immedi-
ately achieve high vitreal concentrations [88].

Like voriconazole, posaconazole has excellent
in vitro activity against most Candida species.
However, very few data are available concerning
its interest in fungal endophthalmitis manage-
ment [89, 90].

Echinocandins ocular penetration is very poor
in animal studies [91-93]. Furthermore, clinical
failure of caspofungin in the management of
Candida albicans endophthalmitis associated with
poor vitreous penetration has been reported [94].

Currently, no clear guidelines exist about the
role of early vitrectomy in ocular candidiasis
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management. Vitrectomy may be useful to
decrease infection load, to increase intraocular dif-
fusion of systemic antifungal treatment, to limit
healing vitreous retraction, and to provide vitreous
samples for the analysis of intraocular fluid. Some
studies suggest that early vitrectomy may be use-
ful in reducing the risk of retinal detachment [54,
95]. Furthermore, antifungal drug intravitreal
injection may be performed at the conclusion of
the surgery. However, evidences for vitrectomy
remain modest. Moreover, early vitrectomy in an
infected eye could lead to specific complications,
such as retinal detachment or intraocular hemor-
rhage. In this context, early vitrectomy might be
considered for patients with severe vitritis or in
patients with no clinical improvement despite the
antifungal treatment [27, 82].

Finally, systemic corticosteroids should be
avoided in Candida endophthalmitis [54].

Although there are no prospective studies for
the treatment of Candida endophthalmitis, rec-
ommendations exist. Current Infectious Diseases
Society of America (IDSA) guidelines for the
management of endogenous Candida endo-
phthalmitis published in 2009 and current
European Society of Clinical Microbiology and
Infectious Diseases guidelines for ocular candi-
diasis published in 2012 still recommend intrave-
nous AmB-d and oral flucytosine, possibly with
vitrectomy and intravitreal AmB-d, as therapy
for patients with sight-threatening infections or
when the susceptibility of the isolate is unknown.
They also recommend fluconazole alone for less
severe cases [14, 96]. Nowadays, newer antifun-
gals are changing this conventional approach to
ocular candidiasis. Recently, recommendations
have been suggested concerning Candida endo-
phthalmitis treatment encouraging an increased
role for fluconazole and voriconazole and a
decreased role for AmB-d [88]. In these recom-
mendations, either fluconazole (12 mg/kg load-
ing dose, then 6—12 mg/kg daily) or voriconazole
(6 mg/kg for 2 doses, then 4 mg/kg twice daily)
may be used. Intravitreal injection of antifungal
agents (voriconazole or AmB-d) should be
considered if there is significant vitritis and, in
cases of macular involvement, to achieve high
vitreal concentrations as quickly as possible. It is

recommended that treatment should be continued
for at least 4-6 weeks, until complete resolution
of visible lesions.

19.7 Prognosis

The visual outcome of Candida endophthalmitis
is variable, depending on the stage of the dis-
ease. Previous studies have reported variable
visual outcomes, with 15-60 % of eyes develop-
ing severe visual loss [55, 97]. Data from a more
recent review by Sallam et al. indicated that a
third of patients (33 %) develop severe visual
loss (visual acuity of <20/200) and 50 % of
patients develop visual loss (visual acuity worse
than 20/40). In this study, poor initial visual
acuity and centrally located lesions were associ-
ated with an increased risk of permanent visual
loss. The authors suggested that early vitrec-
tomy within 1 week of presentation significantly
reduced the risk of retinal detachment, but had
no effect on final visual outcomes [54].
Furthermore, patients with candidemia have a
high overall mortality rate, which may approach
50 %, associated with the severity of fungal
infection and with their underlying medical
problems.

Conclusion

Fungal endophthalmitis is a sight-threatening
disease most commonly caused by Candida
species. Candida endophthalmitis most often
results from hematogenous dissemination.
Although the use of prophylactic systemic
antifungal therapy decreases the prevalence
of ocular involvement in fungemia, it is
important to be on the lookout for endoge-
nous Candida ocular infection, particularly in
immunocompromised or diabetic patients,
those with indwelling catheter, or among
intravenous drug users. The diagnosis of
Candida endophthalmitis is mainly clinical
and is usually based on the appearance of
typical fundus lesions. Further trials are
needed to define the role of voriconazole, a
drug with more side effects and drug interac-
tions than fluconazole.
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Core Messages

* Candida endophthalmitis is a vision-
threatening condition.

* Endogenous Candida ocular infections
may occur in immunocompromised or
diabetic patients, those with indwelling
catheter, or among intravenous drug
users.

* Management and treatment should be
instituted in collaboration with an
infectious disease expert for systemic
involvement management.

e Current treatments include systemic flu-
conazole or voriconazole due to their
good intraocular penetration, associated
or not with early vitrectomy or antifun-
gal intravitreal injection.
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20.1 Introduction

Intraocular fungal infection is uncommon but can
have devastating visual consequences. Fungi may
infect the eye either endogenously, through hema-
togenous spread from a systemic infection, or exog-
enously, due to trauma or surgery. The diagnosis
and management of ocular fungal infection is chal-
lenging to even the most experienced clinician.

20.2 Epidemiology
and Pathophysiology

Fungi are eukaryotic organisms that are pervasive
in the environment. Human exposure to these
organisms is common, but ocular infection is
infrequent and depends on the presence of pre-
disposing conditions, the virulence of the organ-
ism, and the immunocompetence of the host.
Although fungi may be a rare cause of intraocular
infection, the incidence of fungal endophthalmi-
tis in the United States is increasing. This may be
due to the growing number of immunocompro-
mised patients receiving chemotherapy and
immunomodulatory treatments as well as the use
of newer broad-spectrum antimicrobials, which
alter the normal human microbial flora and pre-
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dispose to opportunistic infection [1, 2]. In a
study of 102 cancer patients undergoing ophthal-
mologic examination for fungemia at a large
oncology center in the United States, 23 % had
evidence of fungal endophthalmitis [3].

Fungi are categorized into yeasts, molds, and
those which have features of both. Yeasts are
single-celled forms while molds form multicel-
lular hyphae. Yeasts include Candida and
Cryptococcus  species, and molds include
Aspergillus and Fusarium. Dimorphic fungi,
such as Histoplasma and Coccidioides, grow as
both a yeast and a mold depending on certain
conditions (the yeast form of Coccidioides is
called a spherule). The dimorphic fungi typically
grow as yeast in the human and animal host.
While Candida species are the most common
cause of fungal endophthalmitis, Aspergillus is
the most common mold isolate and the second
most common cause of fungal infections overall
[4]. Candida endophthalmitis is discussed in
detail in another chapter of this book.

Fungal infections may occur in the eye either
through endogenous or exogenous sources.
Endogenous fungal endophthalmitis refers to an
intraocular infection which develops via hema-
togenous dissemination from a systemic infec-
tion. Risk factors for endogenous infection
include immunosuppression, intravenous drug
use, prolonged hyperalimentation, chronic pul-
monary disease, malignancy, organ transplanta-
tion, diabetes mellitus, alcoholism, and chronic
indwelling catheter such as in the setting of
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hemodialysis [5]. In an autopsy study of 85 liver
transplant recipients, Aspergillus endophthalmi-
tis was noted in 7% [6].

Exogenous endophthalmitis is associated with
three main modalities of infection: penetrating
trauma, intraocular dissemination from ocular
surface disease, or intraocular surgery [7]. A vari-
ety of fungi have been associated with endo-
phthalmitis after trauma or intraocular surgery.
Aspergillus species have also been identified as
the most common cause of postoperative endo-
phthalmitis. In a case series of 113 eyes with
largely posttraumatic and postsurgical endo-
phthalmitis from India, Aspergillus was isolated
in 54.4 % of the cases [2].

20.3 Aspergillus

There are more than 200 species of Aspergillus,
including A. flavus, A. niger, A. nidulans, and A.
terreus; however the most common ocular patho-
gen is A. fumigatus. Aspergillus is a ubiquitous
saprophytic mold found in soil, decaying vegeta-
tion, and water. The conidia or asexual spores of
Aspergillus organisms are airborne, making inha-
lation an important route of entry into humans.
The reported risk factors for disseminated asper-
gillosis include chronic pulmonary disease,
chronic immunosuppression (particularly follow-
ing liver transplantation), and treatment with sys-
temic corticosteroids [6, 8]. Rare cases have been
reported in immunocompetent patients [9].

20.4 Clinical Features
of Aspergillus Infection

20.4.1 Systemic

The spectrum of systemic disease caused by
Aspergillus is broad, and it ranges from acute
invasive aspergillosis in severely immunocom-
promised patients to allergic bronchopulmonary
aspergillosis in patients with asthma and cystic
fibrosis. Invasive aspergillosis can rarely occur
outside the sinopulmonary tract, but in addition
to eye infections it has been reported in diseases

of the skin, central nervous system, and gastroin-
testinal tract. Aspergillus is also a known to be a
cause of fungal endocarditis, most commonly
seen in patients with prosthetic heart valves [10].

20.4.2 Ophthalmic

Patients with Aspergillus endophthalmitis pres-
ent with the rapid onset of severe pain and
decreased visual acuity. The central macula and
posterior pole are often involved. On ophthalmo-
logic evaluation, one might see a characteristic
confluent central yellowish macular infiltrate in
the choroid and subretinal space (Fig. 20.1). In
addition to the macular lesion, gravitational lay-
ering of an inflammatory exudate may be seen in
the preretinal or subhyaloid space [8]. The degree
of inflammation may vary from subretinal or sub-
hyaloid infiltrate alone to full thickness retinal
involvement with hemorrhages [11]. As the
infection spreads, vitreous involvement is often
seen, and in later stages of the disease variable
involvement of the anterior segment has been
described with cells, flare, and occasionally
hypopyon.

In comparison with Candida, Aspergillus
more commonly invades retinal and choroidal

Fig. 20.1 A color fundus photo from young man with a
history of intravenous drug abuse with endogenous
Aspergillus endophthalmitis shows vitreous haze and a
confluent macular lesion with retinal hemorrhages (This
image was published in Ophthalmology, Yanoff and
Duker, Fungal Endophthalmitis, 735-739, Copyright
Elsevier (2013))
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vasculature. As a result, retinal or choroidal
vascular occlusion and exudative retinal detach-
ment may be present with Aspergillus endo-
phthalmitis and account for poorer visual
outcomes compared with cases of Candida endo-
phthalmitis [12].

20.5 Other Fungal Infections
20.5.1 Fusarium

Fusarium is a filamentous mold commonly found
on plants and in soil. It is the most common fun-
gal intraocular infection resulting from keratitis
with contiguous spread from the ocular surface
[7]. During an outbreak of Fusarium Keratitis
occurring due to one brand of contact lenses from
2004 to 2006, 6% of the keratitis patients pro-
gressed to endophthalmitis [13]. It has also been
reported as a rare cause of fungal endophthalmi-
tis following cataract surgery [14].

Endogenous spread of Fusarium is infre-
quent, and those cases that have been reported
are limited to immunocompromised patients
with disseminated fungal infection. In immu-
nocompromised patients, Fusarium may cause
sinusitis, pneumonia, and cellulitis at sites of
skin breakdown or onychomycosis. Ocular
disease typically manifests as a more local-
ized inflammation or fungal mass confined to
the anterior chamber or anterior vitreous, but
disease can extend to the posterior vitreous in
severe cases. While rare, these cases are often
severe, presenting with a robust inflammatory
reaction in the anterior chamber, vitritis, and
varying degrees of retinal ischemia and necrosis
[15] (Fig. 20.2).

20.5.2 Histoplasma

Histoplasma capsulatum is a thermally dimor-
phic fungus which grows as a mold in soil and as
a yeast in human or animal hosts. When involved
in eye infections, it typically affects a relatively
young population, usually in the third or fourth
decade of life. The fungus is endemic to the

Fig. 20.2 A color fundus photo from a 70-year-old
female with Fusarium endophthalmitis. Note vitreous
haze from vitritis and severe vasculitis. (Courtesy of Lucia
Sobrin, MD) (This image was published in Ophthalmology,
Yanoff and Duker, Fungal Endophthalmitis, 735-739,
Copyright Elsevier (2013))

Central United States including the Ohio River
Valley and Mississippi River Valley. Like many
of the other fungal pathogens, its route of inocu-
lation is most commonly through the respiratory
tract. Humans usually acquire the infection via
inhalation of spores (conidia) from soil that is
contaminated with bat or bird droppings. While
healthy patients may be asymptomatic, immuno-
compromised patients present with fever, pancy-
topenia, hepatosplenomegaly, and oropharyngeal
or gastrointestinal lesions. Adrenal, brain, and
skin lesions may additionally be seen in these
patients [16]. Ocular clinical manifestations
include punched-out choroidal scars, peripapil-
lary pigmented degeneration, and macular cho-
roidal neovascularization (CNV) or disciform
scarring. The ocular disease is marked by little
or no vitreous inflammation. As most cases of
ocular histoplasmosis occur in healthy patients
who are largely asymptomatic, regular follow-up
for the possible occurrence of CNV is required
[17, 18].

Histoplasma capsulatum is a very rare cause
of endogenous endophthalmitis and when pres-
ent occurs mostly in immunocompromised
patients, such as those with AIDS, causing
severe visual loss. Endogenous Histoplasma
endophthalmitis is usually characterized by a
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granulomatous chorioretinitis and rarely by sub-
retinal [22] and intraretinal exudates and retinal
detachment [19].

20.5.3 Coccidioides

Coccidioides immitis is a dimorphic fungus
found in dust in the endemic areas of the San
Joaquin Valley of California, Arizona, and some
parts of Central and South America. Agricultural
and construction workers are among those at
greatest risk for infection. Infection occurs
through the inhalation of spores and in most
patients leads to a self-limited disease. However,
those patients who are re-exposed to the fungus
may develop a chronic respiratory disease [20].
Coccidioides is a rare cause of endophthalmi-
tis, and when it does cause intraocular infection,
spread is hematogenous to the choroid. Cases of
acute infection manifest with a multifocal choroi-
ditis with scattered small lesions, vascular sheath-
ing, exudative retinal detachment, and vitritis
[21]. Other patients may remain asymptomatic
and present only with chorioretinal scars [22].

20.5.4 Cryptococcus

Cryptococcus neoformans is an encapsulated
yeast causing opportunistic infection in AIDS
patients or other severely immunocompromised
patients. Pigeons play an important role in its
pathogenesis as the Cryptococcus spores survive
up to 2 years in pigeon droppings. Human infec-
tion is acquired via the respiratory tract through
the inhalation of spores. The fungus is then dis-
seminated hematogenously and has a predilec-
tion for the central nervous system, most
commonly resulting in fungal meningitis [23].
The organism reaches the eye either by direct
extension from the optic nerve sheath or via
hematogenous spread to the choroid. Ocular
cryptococcosis is very rare, manifesting as a mul-
tifocal choroiditis with discrete, yellowish white
lesions of differing size. Other manifestations

include optic nerve edema, vascular sheathing,
and exudative retinal detachment [24].

20.6 Diagnosis of Aspergillus
and Other Fungal Infections

Early in the course of fungal infection, clinical
manifestations may be subtle and variable, ren-
dering a definitive diagnosis challenging.
Therefore, the ability to make a prompt diagno-
sis of ocular fungal infection relies on a high
index of suspicion and an appreciation of any
predisposing conditions or risk factors that may
make a patient more susceptible to fungal
infection.

In the absence of an established source of infec-
tion or evidence of fungemia, it is important to
obtain blood cultures as well as cultures from mul-
tiple sites and bodily fluids, including wounds and
catheter tips. Cardiac imaging is recommended to
rule out valvular vegetations which may be a source
of septic emboli. A vitreous aspirate should be
obtained and sent for special stains and culture.
While this is the gold standard for the diagnosis of
fungal endophthalmitis, the rates of positive cul-
tures from vitreous sampling vary from 40 to 77 %
[25]. In general, vitreous samples taken from vitrec-
tomy are more likely to produce a positive culture
result compared to an anterior chamber or vitreous
tap [8].

Once a fluid sample has been obtained, most
organisms can be identified by direct micros-
copy. Aspergillus will appear as septate hyphae
branching at 45° angles (Fig. 20.3). Several spe-
cial stains allow for improved visualization of
fungal elements. Potassium hydroxide or KOH
dissolves human cells and calcofluor white stains
the cell wall of the fungi causing them to fluo-
resce. Both of these stains allow for easier detec-
tion of fungal elements. Calcofluor white is
particularly useful in cases of fungal endophthal-
mitis resulting from keratitis [26]. Hematoxylin
and eosin (H&E), periodic acid-Schiff (PAS),
and Gomori methenamine silver (GMS) are
among the stains used to detect fungi in cytologic
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Fig.20.3 Vitreous biopsy from a patient with Aspergillus
endophthalmitis with multiple Aspergillus filaments in
undiluted vitreous specimen staining with alcian blue
(This image was published in Ophthalmology, Yanoff and
Duker, Fungal Endophthalmitis, 735-739, Copyright
Elsevier (2013))

Fig.20.4 Vitreous specimen from 69-year-old male with
endogenous cryptococcal endophthalmitis. Note crypto-
cocci staining with alcian blue (This image was published
in  Ophthalmology, Yanoff and Duker, Fungal
Endophthalmitis, 735-739, Copyright Elsevier (2013))

preparations [27]. GMS is particularly helpful in
cases of intraocular coccidioidomycosis, while
India ink and mucicarmine are useful in cases
where cryptococcal infection is suspected [21,
24] (Fig. 20.4).

In addition to these various stains, vitreous
cultures should always be performed as they may
aide in determining the susceptibility to various
antifungal agents. More recent studies have
shown polymerase chain reaction (PCR) detec-
tion of fungal species in vitreous samples to be
highly specific and sensitive in the prompt diag-
nosis of fungal infection [28].

20.7 Differential Diagnosis
(Figure)

Differential Diagnosis

* Bacterial endophthalmitis

» Toxoplasma chorioretinitis
 Intraocular lymphoma/leukemia
e Sarcoidosis

e Syphilis

* Tuberculosis

e Cytomegalovirus

e Viral retinitis

20.8 Management

The management of intraocular fungal infection
involves both systemic and local treatment
options. Previously, intravenous amphotericin B
was widely used in the treatment of fungal infec-
tions; however due to limited intraocular penetra-
tion and multiple systemic toxicities including
renal failure, this has since fallen out of favor.
Systemic treatment with an alternative antifungal
or in combination with intravitreal treatment is
now the preferred management option. Azoles
are an alternative antifungal class and newer-
generation triazoles such as fluconazole and vori-
conazole provide greater than 90 % bioavailability,
excellent intraocular penetration from the sys-
temic circulation, and broad-spectrum antifungal
activity [29, 30]. Further, fluconazole is very well
tolerated, and the only major side effect is gastro-
intestinal upset. Voriconazole is a second-
generation azole derived from fluconazole and,
like fluconazole, may be given orally or intrave-
nously. Systemic voriconazole, with and without
intravitreal adjuvant treatment, has been shown
to produce a more rapid response than other anti-
fungals [29]. It is the treatment of choice for
Aspergillus infections and is also active against
Fusarium.

Fluconazole is given as a 12 mg/kg loading
dose followed by a 6-12 mg/kg daily dose, and
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voriconazole is given as 6 mg/kg for 2 doses,
then 4 mg/kg twice daily. Oral therapy may be
used following an initial response to the IV for-
mulation at a dose of 200 mg twice daily for both
fluconazole and voriconazole. Systemic treat-
ment is given for 4 to 6 weeks with the total
course of treatment determined by clinical
response [29].

For most cases of Aspergillus endophthalmitis
and for sight-threatening fungal infection with
macular involvement, intravitreal injection is rec-
ommended in addition to systemic treatment.
Either amphotericin (5 pg/0.1 mL) or voricon-
azole (100 pg/0.1 mL) can be given as an intravit-
real injection. While amphotericin has a longer
half-life and there is more experience treating
with this agent, voriconazole has been success-
fully employed in cases of resistant Aspergillus
infection [31]. Response to therapy guides the
need for repeat injections.

Pars plana vitrectomy is considered in cases
of fungal infection with abscesses that are not
amenable to penetration by systemic antifungal
agents, with significant vitreous involvement, or
with lack of improvement with intravitreal treat-
ment [25, 32]. Vitrectomy may aide in decreas-
ing the burden of infectious organisms.
Vitrectomy should be combined with sampling
the vitreous for culture and PCR as well as the
administration of antifungal agents. It is impor-
tant to note that the half-life of intravitreal anti-
fungals may be decreased when given in a
vitrectomized eye.

Close follow-up initially to evaluate the
response to treatment and the need for further
intervention is recommended. Collaboration with
infectious disease colleagues is essential to pro-
viding safe and efficacious treatment as patients
may require long term follow-up to monitor for
drug interactions, toxicity, and systemic response
to therapy.

Prognosis/Conclusion

The prognosis for patients with ocular fungal
infection is guarded and depends on the extent
of intraocular involvement, type of fungal
infection, timing, and type of intervention.
Prompt therapy is helpful in reducing ocular

A.V. Patel and D. Eliott

morbidity, and close monitoring to assess for
the need for further treatment is crucial.

Factors associated with poor final visual
acuity in these patients are macular involve-
ment, poor visual acuity on initial examina-
tion, and retinal detachment. Retinal
detachment has been reported to occur in up to
29% of patients with fungal endophthalmitis
[25]. The visual outcomes in patients with
Aspergillus infection, especially those with
endogenous endophthalmitis, are often poor
given the predilection for macular involve-
ment. Visual acuity in patients with endoge-
nous Aspergillus endophthalmitis is often
worse than 20/200 in the majority of eyes and
20/50 or better in only 7 % of eyes [8]. Cases
of exogenous fungal endophthalmitis have
similarly poor outcomes. Among cases with
penetrating trauma as a cause for exogenous
infection, nearly all have 20/400 or worse
vision, while cases which begin as a fungal
keratitis have a better prognosis [7].

Core Messages

e Qcular infection with Aspergillus or
other fungi generally leads to poor
visual outcomes.

e Aspergillus organisms infect the eye via
hematogenous spread to the choroid,
usually from a primary lung infection,
in cases of endogenous
endophthalmitis.

e For most cases of Aspergillus endo-
phthalmitis and for sight-threatening
fungal infection with macular involve-
ment, intravitreal injection is recom-
mended in addition to systemic
treatment.

e The ability to make a prompt diagnosis
of ocular fungal infection relies on a
high index of suspicion and an apprecia-
tion of any predisposing conditions or
risk factors that may make a patient
more susceptible to fungal infection.
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The Zika virus (ZIKV), an emerging mosquito-
borne pathogen, was described first in 1947 after
being isolated from Rhesus monkeys in a
Ugandan forest. In 1952, the pathogen then was
isolated for the first time in humans in Uganda
and Tanzania [1, 2].

ZIKV belongs to the genus Flavivirus, from
the Flaviviridae family, and is related closely to
other flaviviruses including dengue, yellow fever,
and West Nile viruses.

The most common route of ZIKV transmis-
sion is by mosquitoes from the Culicidae family
and the Aedes genus, especially by the Aedes
aegypti, which is usually found in urban areas.
Direct interhuman transmission, most likely by
sexual intercourse, breastfeeding, and perinatal
transmission, also has been described [3-5]. The
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ZIKV also has been detected in human saliva,
blood, semen, and urine [6, 7].

In 2007, the first ZIKV outbreak outside of
Africa and Asia was reported on Yap Island,
Micronesia, and caused relatively mild disease in
that population [8]. In 2013, a large outbreak was
reported on the archipelago of French Polynesia
[9], and by May 2015, the first local transmission
of the ZIKV with autochthonous cases was
reported in Brazil. It is estimated that about
440,000-1,300,000 cases of ZIKV disease
occurred in Brazil in 2015 [10]. Last update: By
December 1 2016, 48 countries and territories in
the Americas have confirmed local mosquito-
borne transmission of ZIKV disease since 2015.
By February 2016, 22 countries and territories
subsequently identified autochthonous transmis-
sion within the region, reflecting the virus’s
capacity to cause large-scale outbreaks where the
biologic vector is present [11].

On February 1, 2016, the World Health
Organization announced that the ZIKV outbreak
constitutes a ‘“Public Health Emergency of
International Concern” [12]. World Health
Organization. Regional Zika epidemiological
update (Americas) July 29, 2016. http://www.
paho.org/hg/index.php?option=com_content&vi
ew=article&id=11599:regional-zika-epidemio-
logical-update-americas&ltemid=41691&lang
=en. Accessed December 14, 2016. The outbreak
was described as “an extraordinary event which
is determined to constitute a public health risk to
other States through the international spread of
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disease and to potentially require a coordinated
international response.”

For a half century, the ZIKV infection was
associated with mild and self-limited symptoms
(headache, rash, joint pain, and conjunctivitis).
However, recently an association between the
ZIKV infection during pregnancy and
microcephaly in newborns was first suspected
6 months after the onset of the ZIKV outbreak in
Brazil, because there was an unusual increase in
newborns with microcephaly reported in Brazil
[13, 14]. In 2015, 1248 new suspected cases were
registered, corresponding to a prevalence of 99.7
per 100,000 live births, which represents a 20-fold
increase from 2014 to 2015 [15]. Furthermore, the
Brazilian Ministry of Health updated these data in
January 2016 and reported a total of 3174 new-
borns with microcephaly, the majority of whom
were in northeastern Brazil [16].

This hypothesis was strengthened by the fact
that the ZIKV was detected in the amniotic fluid
of two pregnant women of babies with micro-
cephaly and the tissue of a newborn with micro-
cephaly who died after birth [17]. Another study
in Brazil tested blood and urine specimens for the
ZIKV by reverse transcriptase-polymerase chain
reaction (RT-PCR) assays in pregnant women in
whom a rash developed within 5 days. Fetal
ultrasonography was performed in 42 women
who were ZIKV-positive and in all women who
were ZIKV-negative. Fetal abnormalities were
detected by Doppler ultrasonography in 12 of the
42 ZIKV-positive women and none of the 16
ZIKV-negative women [18]. Mlakar et al. [19]
detected the ZIKV in fetal brain tissue on RT-PCT
after autopsy performed on a fetus with micro-
cephaly; the mother reported having a febrile ill-
ness associated with rash in the first trimester of
pregnancy while she was in Brazil.

Congenital Zika syndrome (CZS) manifesta-
tions that extend beyond the central nervous sys-
temhavebeenobserved, including ophthalmologic
findings distinct from other congenital conditions
[20]. The first report of possible congenital ocular
lesions related to the ZIKV was published in
December 2015 in Recife, Brazil [21]. This case
series found ocular lesions in three infants born
with microcephaly. The same group described
retinal lesions in 10 newborn infants with a diag-

nosis of microcephaly and ophthalmology abnor-
malities in February 2016 [22]. Another study
conducted in Salvador, Brazil, suggested a preva-
lence of 34.5 % of vision-threatening lesions in a
case series of patients presenting with micro-
cephaly, possibly associated with the ZIKV
congenital infection [23].

21.1 Diagnosis and Ocular

Features

A diagnosis of Zika during pregnancy should be
considered after the appearance of symptoms of
fever, arthralgia, rash, and conjunctivitis in peo-
ple living in endemic areas or in those who trav-
eled within the previous 2 weeks to an area with
ongoing transmission. RT-PCT and serology tests
should be performed in pregnant women living in
high-risk areas, since it is estimated that 80 % of
patients with the ZIKV infection are asymptom-
atic or oligosymptomatic. In addition, the ZIKV
infection occurs in areas in which A. aegypti is
endemic and where the mosquito is the biologic
vector of three distinct viral diseases: the ZIKV,
dengue fever, and Chikungunya virus [24, 25].
The signs and symptoms in patients infected with
these three distinct viruses are similar.

Currently, the evidence of the presence of the
ZIKV infection relies on molecular detection of
RT-PCR (positive only for a brief period of vire-
mia) and also IgM and IgG serology specific to
Zika antibodies. However, interpretation of sero-
logy results is complex due to cross-reactivity
among the flaviviruses. It is essential to have
more sensitive and specific serologic tests, with-
out cross-reactivity with other infections, particu-
larly dengue fever, yellow fever, and other
flaviviruses [26].

The first report of ocular lesions associated
with presumed ZIKV congenital infections was
in Recife, Brazil, and described ophthalmologic
findings in three children with microcephaly born
after the ZIKV outbreak in Brazil. One mother
reported a rash and arthralgia during the first tri-
mester of pregnancy. The mothers had no ocular
lesions, but the three infants had unilateral ocular
findings involving the macula. Macular pigment
mottling was described in all three children.
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Well-defined macular chorioretinal atrophy was
detected in one infant [21].

In February 2016, the same group published
the ocular abnormalities of 10 infants who had
been diagnosed clinically with ZIKV-related
microcephaly. Seven (70.0 %) mothers reported
symptoms during pregnancy (arthralgia, malaise,
and rash); of these, six (85.7 %) mothers reported
having symptoms during the first trimester. The
mothers did not report ocular symptoms such as
conjunctivitis during pregnancy, and their ocular
examination did not show ophthalmologic abnor-
malities. Ocular findings included macular pig-
ment mottling and/or chorioretinal atrophy in 15
(75.0 %) eyes. Optic nerve abnormalities such as
optic disc hypoplasia, pallor, and/or increased
cup-to-disc ratio were reported in nine (45.0 %)
eyes. All infants had normal anterior segment
structures; horizontal nystagmus was observed in
one infant. No patient had inflammatory signs
such as uveitis or vasculitis [22].

In addition to the studies in Recife, the study
conducted in Salvador, Brazil, evaluated the ocu-
lar findings in infants with microcephaly associ-
ated with presumed intrauterine ZIKV infection.
Twenty-three (79.3 %) of twenty-nine mothers
reported suspected ZIKV infection signs and
symptoms (rash, fever, arthralgia, headache, itch,
and malaise) during pregnancy, 18 (62.0 %) in the
first trimester, four in the second trimester, and
one in the third trimester. All mothers denied
signs or symptoms of conjunctivitis and all had
normal findings on ocular examination.
Ophthalmologic abnormalities were present in 17
(29.3 %) eyes of 10 children (34.5 %), and bilat-
eral findings were seen in 7 of 10 patients present-
ing with ocular lesions. The most common lesions
were focal retinal pigment mottling and chorio-
retinal atrophy in 11 (64.7 %) of 17 eyes with
abnormalities, followed by optic nerve abnormal-
ities (optic disc hypoplasia and severe optic disc
cupping) in eight (47.1 %) eyes. One infant had
anterior segment findings, i.e., bilateral iris colo-
boma and lens subluxation, in one eye. No infants
had vasculitis or active uveitis [23].

In all of these, serologic examinations ruled out
other congenital infections such as toxoplasmosis,
rubella, cytomegalovirus, herpes simplex virus,
syphilis, and human immunodeficiency virus.

Fig. 21.1 Wide-angle fundus image (Retcam, Clarity
Medical Systems, Pleasanton, CA, USA) of the right eye
of an infant with a well-defined macular chorioretinal
atrophic lesion associated with macular pigment mottling

Fig. 21.2 Wide-angle fundus image (Retcam, Clarity
Medical Systems, Pleasanton, CA, USA) of the left right
eye of an infant with a chorioretinal scar and perilesional
pigmentary mottling in the macular region

In summary, the main ophthalmologic find-
ings in infants with suspected ZIKV-related
microcephaly were focal pigment mottling (Figs.
21.1 and 21.2), chorioretinal atrophy (Figs. 21.1
and 21.2), and optic nerve abnormalities (optic
disc hypoplasia and severe optic disc cupping)
[21-23].

According to the studies conducted so far,
chorioretinal atrophy and focal pigment mottling
occurred predominantly in the posterior pole,
especially the macular area [21-23]. It was also
observed that some chorioretinal lesions had an
excavated appearance (colobomatous-like) [23].
No signs of active uveitis or vasculitis were
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observed. Most mothers who reported symptoms
had them predominantly in the first trimester of
pregnancy, and no expectant mother had conjunc-
tivitis [21-23].

The current data suggested that even asymp-
tomatic or oligosymptomatic pregnant patients
presumably infected with ZIK'V might have chil-
dren with CZS manifestations such as ophthal-
mologic lesions. Another important consideration
is whether children without microcephaly born
from mothers infected during pregnancy develop
ocular lesions as a spectrum of CZS and if these
patients need to be screened in areas with ongo-
ing ZIKV transmission.

21.2 Recommendations

Screening approaches are essential for pregnant
women who reside in regions where the ZIKV is
present and include PCR, serology tests, and
ultrasound and amniocentesis in some patients.

Pregnant women who live in areas of ongoing
ZIKV transmission and women who traveled to
these areas who present with a dengue-like illness
(rash, fever, myalgias, and arthralgias) should
undergo an RT-PCR test on serum collected within
7 days of symptom onset. Viremia decreases over
time and a negative RT-PCR result from serum
collected 57 days after symptom onset does not
exclude the ZIKV infection. Pregnant women who
live in risk areas for the ZIKV infection and do not
report symptoms can undergo a ZIKV IgM test
during prenatal care. If negative, repeat testing can
be considered during the second trimester. The
CDC recommends that men who live in or travel to
an area with active Zika virus transmission and
who have a pregnant partner should use condoms
every time they have sex or not have sex for the
duration of the pregnancy [27].

IgM antibodies to the ZIKV, dengue viruses,
and other flaviviruses have strong cross-reactivity.
More accurate IgM and IgG assays are essential
to stratify the risk in women of childbearing age
and facilitate targeted prenatal screening. This is
even more important where abortion for this situ-
ation is legal.

M. Maia et al.

Infants that abnormalities are consistent with
Congenital Zika Syndrome or laboratory evi-
dence of Zika virus infection of mothers presum-
ably infected with the ZIKV during pregnancy
should undergo at least one ocular examination
that includes an a complete ophthalmological
evaluation, including the anterior and posterior
segment assessment and indirect ophthalmos-
copy under pharmacologic mydriasis. Anterior
segment changes should be described, and optic
nerve, retinal, and choroidal abnormalities should
be registered with a wide-field digital imaging
system. Children who have macular lesions and a
high probability of low vision should be referred
to a specialist. The current data suggested that
even asymptomatic or oligosymptomatic preg-
nant patients presumably infected with the ZIKV
might have microcephalic newborns with retinal
and optic disc lesions. It is unknown whether the
ZIKV congenital infection might cause future
ocular abnormalities.

Due to the difficulties in controlling the mos-
quito vector, the development of a vaccine against
ZIKV seems to be essential for long-term control
of new cases. In addition, for those existing cases
of CZS, more information is needed in order to
fully understand their needs and manage their
disabilities.

Core Messages

Zika virus congenital infection may cause
microcephaly and ocular abnormalities in
29-45% of newborns. Majority of lesions
are bilateral and may affect the macula.
Early diagnosis and visual as well as cogni-
tive rehabilitation are necessary.

The best prevention is the control of the
biologic vector Aedes aegypti and to avoid
pregnant in endemic areas. The use of
insect repellents is high recommended in
such situations and adults that had the diag-
nosis of Zika infection should avoid sexual
reaction or use condom for 3-6 months.
Care must be take in blood tranfusion from
endemic areas.
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