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v

 Infections of the eye continue to cause serious ocular morbidity and loss of 
vision. It is, therefore, highly desirable to maintain a high level of awareness 
on new developments in the diagnosis and management of infectious diseases 
of the eye. Both classic infections and emerging infections pose serious 
threats to man. Many kinds of ocular infections may stay mysterious and 
sometimes are hard to diagnose. As medical scientists, we have the unique 
role to dispel the mystery of infections of the eye and replace speculations 
with certainty and fi ction with fact. 

 This book is an attempt to provide an update on the topic of infections of 
the eye and adnexae and provide simplifi ed information that would keep the 
ophthalmologist and the eye care practitioner abreast of the recent advances 
in antibiotics and in the management of infectious diseases of the eye and 
adnexae. Certain infections have been eradicated by mass vaccinations, and 
others have been controlled by public health measures, but the resilience of 
viruses and the tenacity of bacteria have led to the changes in the pattern of 
ocular infections and led to the evolution of old diseases and the emergence 
of newly discovered disorders. 

 In the past two decades, there have been a number of infectious diseases, 
and new pathogens have been discovered. Barry and Marshall received the 
Nobel Prize for medicine in 2005 for their discovery of  Helicobacter pylori  
as a cause of peptic ulcer.  Bartonella henselae  has been identifi ed as the 
cause of Bacillary  angiomatosis  (cat scratch disease) or Bartonellosis. Herpes 
virus type 8 was discovered as a cause of Kaposi sarcoma in patients with 
AIDS. Human immunodefi ciency virus (HIV) 1 and 2 are now well known to 
cause AIDS. T-cell lymphoma is caused by human T lymphocyte virus type 1, 
and Lyme disease is, caused by  Borrelia burgdorferi . In addition, Whipple 
disease became known to be caused by  Trophyrema whippelii . Similarly, 
severe acute respiratory syndrome (SARS) and Avian infl uenzae are diseases 
caused by Corona virus and H5 N1 virus, respectively and Ebola virus is 
emerging as a cause of Ebola fever. Infections can cause diseases by invasion 
of tissues and destruction of the architecture of visually important structures 
in the eye. Infections may lead to immune dysregulation and trigger immune-
mediated infl ammation of the eye. 

 Strifes and natural disasters come and go, but infections are going to be 
with us forever. Certain infections may cause blindness, and therefore, oph-
thalmologists should remain updated on these disorders. 

  Pref ace   
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 This book is divided into 16 chapters, making it an easy reference to fi nd 
a rapid source for the management of infections of the eye. The book is illus-
trated by fi gures showing different ocular pathologies and is loaded with 
tables summarizing the fi ndings. 

 The book is clinically oriented with a focus on prospects of infections of 
the eye that are important to the clinicians, including the essentials for diag-
nosis, laboratory workup, and management. The treatment is a simple 
evidenced- based approach with detailed information on antibiotics use and 
dosages. The chapter on antimicrobial agents in ophthalmology summarizes 
the antibiotics that are available commercially for infections of the eye, as 
well as the compounded topical medications that are not available in the mar-
ket. Antimicrobial agents are commonly used in ocular infections and are 
among the most commonly prescribed drugs in community-based physician 
offi ces and hospitals. The use of these antimicrobial agents are outlined in all 
the chapters of this book. 

 Despite our enormous effort and progress in the quest to conquer infec-
tions, there is signifi cant threat from resistant microorganisms. 

 The information provided in this book is an update on ocular infections, 
placing in the hands of ophthalmologists and health practitioners a shortcut 
and an easy access to the management of ocular infectious diseases. 

 Khalid F. Tabbara, MD, ABO, FRCOphth 
 Riyadh, Saudi Arabia 
Baltimore, MD, USA 

 Ahmed M. Abu El-Asrar, MD, PhD 
 Riyadh, Saudi Arabia 

 Moncef Khairallah, MD 
 Monastir, Tunisia  
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1.1            Introduction 

 The rapid identifi cation of ocular infections can 
be crucial since treatment regimens and visual 
prognosis may be entirely different from nonin-
fectious disorders. The fast identifi cation of spe-
cifi c infectious agents is particularly important in 
immunocompromised patients [ 1 ,  2 ]. In the clini-
cal practice, the presumed diagnosis of an ocular 
infection is based on specifi c clinical features; 
however, laboratory data may be helpful to con-
fi rm a suspected diagnosis, since similar clinical 
features might be caused by different infectious 
agents. Laboratory tests based on the analysis of 
peripheral blood alone are often of limited value, 
since these may not be informative on ocular pro-
cesses and positive results may be coincidental 
[ 3 – 5 ]. Negative peripheral blood results may ren-
der a specifi c diagnosis unlikely but do not rule 
out the possibility of infection. For a defi nitive 

diagnosis of ocular infections, investigation of 
ocular fl uids and biopsies is recommended. 

 Molecular diagnostics, of which the poly-
merase chain reaction (PCR) is the most applied 
procedure, has taken a prominent position within 
the laboratory diagnostic repertoire, also within 
the fi eld of ophthalmology. Molecular assays 
can be highly sensitive and specifi c, and theoreti-
cally, molecular diagnosis can be performed on 
all types of ocular materials, provided the pro-
cedure for a particular pathogen is available. For 
many viral infections, PCR analysis has replaced 
the less sensitive culture technique. However, in 
case of bacterial and fungal infections culture 
is still preferred over molecular methods, for 
instance, in orbital cellulitis, mycotic keratitis, 
and endophthalmitis. Viral conjunctivitis is often 
a self- limiting disease, questioning the neces-
sity to perform molecular diagnosis even though 
PCR assay is available for among other adenovi-
rus, herpes viruses, and enteroviruses. However, 
in case of bilateral blepharoconjunctivitis in 
children, herpes viral PCR analysis of tear fl uid 
and aqueous humor may be highly valuable for 
a rapid diagnosis [ 6 ,  7 ]. Currently, PCR analy-
sis is mostly applied for the diagnosis of ocular 
trachoma and infectious uveitis and is taking a 
fl ight for the diagnosis of (mycotic) keratitis and 
endophthalmitis.  
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1.2     Molecular Techniques 
for the Diagnosis of Ocular 
Infections 

1.2.1     Polymerase Chain Reaction 

 PCR is a technique whereby with the use of short 
complementary DNA fragments called primers 
and DNA polymerase, a single or few copies of a 
part of the target DNA are amplifi ed across sev-
eral orders of magnitude, generating millions or 
more copies of a particular nucleic acid sequence 
[ 8 ]. The introduction of the PCR has greatly 
improved the detection of infectious agents. 
Results can be obtained much faster than with 
culture. Moreover, particular PCR procedures 
have been designed to be so sensitive as to replace 
culture in many cases, most notably for viruses 
and fastidious microorganisms [ 9 ,  10 ]. 

 Next to the basic gel-based PCR method, various 
more sensitive and specifi c techniques are available, 
such as nested PCR and real-time PCR. Nested PCR 
is a modifi cation of the basic PCR and involves two 
sets of primers, used in two consecutive amplifi ca-
tion runs, the second set intended to amplify a target 
within the fi rst run product, thereby increasing both 
sensitivity and specifi city [ 11 ,  12 ]. 

 Real-time PCR is also a modifi cation of the 
basic PCR but adds a fl uorescent compound to 
the reaction allowing for real-time monitoring of 
the PCR reaction and quantitation of the patho-
genic load of the original sample. In case of 
Taqman real-time PCR, the fl uorescent com-
pound constitutes a DNA probe, which in addi-
tion to the possibility of quantitation increases 
the specifi city of the reaction. 

 The introduction of real-time PCR assays in 
the clinical microbiology laboratory has led to 
signifi cant improvements in the diagnosis of 
infectious disease [ 13 ,  14 ]. Contrary to nested 
PCR assays, real-time methods allow rapid DNA 
amplifi cation, detection, and quantitation of the 
pathogenic load. Moreover, as real-time PCR 
assays are performed in a closed-tube system, the 
risk of contamination is reduced [ 15 ,  16 ]. 
However, real-time PCR assays may be less sen-
sitive than nested PCR assays [ 17 ,  18 ]. 

 PCR, most notably real-time PCR, has proven 
to be valuable for the diagnosis of various 

 intraocular infections, including cytomegalovi-
rus (CMV) retinitis, ocular toxoplasmosis, acute 
retinal necrosis (ARN), and herpetic anterior 
uveitis [ 13 ,  19 – 22 ]. Specifi c PCR assays are also 
available for many bacteria, like  Bartonella 
henselae, Borrelia burgdorferi, Treponema pal-
lidum, Mycobacterium tuberculosis  and 
Mycobacterium species, and  Coxiella burnetii , 
and have been reported to be applicable for the 
diagnosis of uveitis [ 23 – 31 ]. PCR directed to the 
16S rRNA conserved gene sequences of bacteria 
is applied to detect bacteria that cause endo-
phthalmitis but may also be useful for the diag-
nosis of uveitis entities [ 29 ,  32 – 35 ]. The 16S 
rRNA gene sequences contain hypervariable 
regions which can provide species-specifi c 
sequences which allow for bacterial identifi ca-
tion. As a result, 16S rRNA gene sequencing has 
become prevalent in medical microbiology as a 
rapid, accurate alternative to phenotypic meth-
ods of bacterial identifi cation [ 36 ]. Similarly, 
PCR assays have been developed targeting 
highly conserved gene sequences in fungi, such 
as the 18S and 28S rRNA genes. However, one 
has to be aware of possible contamination with 
nonpathogenic microorganisms, as these may 
accidentally be isolated during sampling and 
surgical procedures [ 37 ]. 

 Positive PCR outcomes are directly related to 
the pathogenic load in the ocular sample. It has 
therefore been suggested that the probability of 
detecting viruses by PCR is higher than for bac-
teria or parasites, because viruses generally pro-
duce more progeny [ 3 ,  4 ,  13 ]. False-positive 
results for viruses may occur due to contamina-
tion of samples, overfl ow from the peripheral 
blood into the eye or the (intra)ocular presence of 
cells infected with infectious agents unrelated to 
the ocular infl ammation [ 3 ,  38 – 40 ]. Therefore, 
positive PCR fi ndings do not always prove 
causality. 

 False-negative results might occur because of 
a low inherent (intra)ocular pathogenic load or 
due to the small volume of ocular fl uid available 
for testing and might also depend on the time 
interval between the onset of infection and sam-
pling. Therefore, negative PCR results do not 
entirely exclude the presumed diagnosis and 
other diagnostic tools should be considered.  

J.D.F. de Groot-Mijnes
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1.2.2     Loop-Mediated Isothermal 
Amplifi cation (LAMP) 

 Loop-mediated isothermal amplifi cation or 
LAMP is a novel molecular detection tool capa-
ble of amplifying a few copies of DNA to 10 9  in 
less than 1 h at isothermal conditions [ 41 ]. The 
method uses a set of four primers that produce 
multiple stem-loop structures resulting in 
increased amplifi cation of the target DNA as 
compared to PCR. Moreover, the LAMP primers 
recognize six distinct regions on the target DNA 
adding to the specifi city. By introducing a reverse 
transcriptase step to make copy DNA from RNA 
LAMP can also be used to detect RNA targets 
[ 41 ]. LAMP products can be visualized by aga-
rose gel analysis; however, the high release of 
pyrophosphate results in a turbidity which is vis-
ible by eye. Another improvement is the addition 
of SYBR green, which induces a clearly visible 
color change. The LAMP reaction can also be 
followed in real time by measuring the turbidity 
in time or by the addition of fl uorescent interca-
lating dyes, reminiscent of real-time PCR meth-
ods, allowing for quantitation of pathogenic load 
of the initial clinical sample. 

 LAMP is performed isothermally which obvi-
ates the need for thermal cyclers, and together 
with its ruggedness and simplicity, LAMP is 
highly applicable for laboratories with limited 
equipment or at the point of care by clinicians. 
LAMP assays have been developed for the 
molecular diagnosis of several ocular infections, 
such as uveitis associated with  Mycobacterium 
tuberculosis , herpes simplex virus, Chikungunya 
virus and West Nile virus, and  Acanthamoeba  
keratitis [ 42 – 47 ]. However, so far the sensitivity 
of the LAMP assays does not exceed that of real- 
time PCR [ 42 – 46 ].  

1.2.3     Restriction Fragment Length 
Polymorphism, DNA 
Sequencing, and DNA 
Microarray 

 Restriction fragment length polymorphism 
(RFLP), DNA sequencing, and DNA microarray 
are molecular assays which are used for pathogen 

species and strain identifi cation subsequent to 
PCR analysis. RFLP is a tool by which DNA is 
cut by sequence-specifi c restriction enzymes and 
subsequently analyzed on agarose gel. The result-
ing fragments are indicative of a particular patho-
gen species or strain. This method is mostly used 
for the identifi cation of particular strains, rather 
than for species identifi cation following broad- 
range PCR assays for bacteria and fungi. 
Therefore, RFLP has largely been replaced by 
DNA sequencing in the diagnostic setting. DNA 
sequencing involves the actual determination of 
the genetic code of a particular piece of 
DNA. Sequencing has been largely automated 
and may now allow for high-throughput analysis 
of diagnostic PCR products. DNA sequencing 
following PCR amplifi cation has become the 
standard procedure for pathogen species and 
strain identifi cation and antibiotic resistance 
profi ling. 

 The DNA microarray technology is a geno-
typing tool which allows for the simultaneous 
identifi cation of a wide variety of DNA sequences. 
An array consists of a large amount of small spe-
cifi c DNA probes spotted onto a matrix. PCR 
products are then allowed to hybridize to the 
DNA probes. Due to the introduction of fl uores-
cent identifi cation markers coupled to the PCR 
products, the arrays are scanned using fl uorome-
try and subsequent data analysis is automated. 
Like DNA sequencing DNA arrays can be used 
for species identifi cation and antibiotic resistance 
profi ling [ 48 ].   

1.3     Molecular Diagnosis 
of Trachoma 

 Trachoma is the leading cause of blindness 
worldwide and is caused by the bacterium 
 Chlamydia trachomatis , which is also associated 
with venereal disease [ 49 ]. Different stains, the 
so-called serovars, have been identifi ed of which 
only A through C cause trachoma, D through K 
cause ocular-genital infections, and the 
L-serovars cause lymphogranuloma venereum 
(LGV) [ 50 ]. Diagnosis of trachoma by clinical 
appearance is poor and molecular testing is com-
monly used. Several PCR assays have been 

1 Molecular Diagnosis of Ocular Infections
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developed for the detection of  Chlamydia tra-
chomatis , most of them were developed for the 
detection of genital infections. Only two com-
mercial assays have been used to diagnose tra-
choma, the COBAS® Amplicor CT/NG Test by 
Roche Diagnostics Solutions (Basel, 
Switzerland) and the LCx™ by Abbott (Chicago, 
IL, USA) [ 51 ]. More recently, novel molecular 
diagnostic tools have been developed based on 
the detection of rRNA targets. The advantage of 
rRNA amplifi cation over PCR is that these tests 
are equally specifi c, but more sensitive due to the 
high copy number of the rRNAs [ 52 – 54 ]. The 
new rRNA tests may prove valuable not only in 
detecting low-level infections but may also con-
tribute to the surveillance of ocular Chlamydia, 
particularly in areas mass-treated with antibiot-
ics where low-level reinfections are emerging 
[ 55 ,  56 ,  52 ].  

1.4     Molecular Diagnosis 
of Microbial Keratitis 

 Microbial keratitis is an infection and infl am-
mation of the cornea, and due to its progres-
sive and potentially devastating nature, it is 
considered an ophthalmological emergency. 
Hence, rapid diagnosis of the causative agent is 
of the utmost importance. In a recent literature 
review by Karsten et al., 232 different species 
were found to be involved in microbial keratitis 
of which the fungi represent the largest group 
[ 57 ]. The most common causes include herpes 
simplex virus, varicella zoster virus, the bacte-
ria  Staphylococcus aureus  and  Pseudomonas 
aeruginosa ,  Acanthamoeba  keratitis, and sev-
eral fungi among which  Fusarium ,  Aspergillus  
species, and  Candida  species [ 5 ]. The diagnosis 
is generally made based on clinical presenta-
tion and noninvasive imaging methods, comple-
mented by microbial investigation, such as  in 
vitro  microscopical examination and culture of 
corneal scrapings and biopsies. In recent years, 
PCR analysis of corneal material has become 
increasingly more popular as it provides a rapid 
and sensitive tool for the identifi cation of ker-
atitis-causing infectious agents [ 58 ]. However, 

caution should be taken as fl uorescein and anti-
biotics, chemical substances frequently used for 
the diagnosis and treatment of keratitis, may 
inhibit the PCR reaction, putatively yielding 
false-negative PCR outcomes [ 59 ]. 

1.4.1     Viral Keratitis 

 The most frequent cause of viral keratitis is 
HSV. In addition to HSV, VZV, adenoviruses and 
enteroviruses can cause corneal infections [ 60 , 
 61 ]. Clinical manifestations of herpes keratitis 
include epithelial dendritic and stromal keratitis, 
the latter of which is more prevalent in children 
[ 7 ,  62 ]. Dendritic keratitis is often diagnosed on 
clinical presentation. Stromal keratitis on the 
other hand is clinically more diffi cult to diag-
nose. The molecular diagnosis of keratitis 
involves PCR analysis of corneal swabs or scrap-
ings [ 7 ,  63 – 67 ]. Due to the location and the 
nature of the infection, the sensitivity of PCR 
assay appears to be higher for dendritic keratitis 
than for stromal keratitis [ 68 ]. In case of stromal 
keratitis or keratouveitis, aqueous humor analysis 
may add to the diagnosis [ 69 ,  68 ]. 

 A good alternative to corneal scraping and 
swabs is the collection of tear fl uid as this is less 
damaging to the already fragile cornea [ 70 – 76 , 
 68 ,  60 ]. However, the sensitivity of the PCR 
assay on tear fl uid may be lower than on corneal 
scrapings or swabs; Kakimaru-Hasegawa et al. 
demonstrated by real-time PCR lower copy num-
bers in tear samples after comparing simultane-
ously collected tear fl uid and corneal scrapings 
from patients with HSV keratitis [ 68 ]. 

 In addition to the diagnosis of keratitis, quanti-
tative PCR analysis of ocular samples can also be 
used to monitor reaction to treatment and the 
occurrence of resistance to antivirals [ 63 ]. 
Acyclovir (ACV) resistance of HSV has been 
described in keratitis, but so far resistance is 
mostly determined phenotypically, that is, by virus 
culture in the presence of varying concentrations 
of ACV [ 64 ,  65 ]. One study described the geno-
typic identifi cation of ACV resistance in HSV iso-
lates from patients with keratitis [ 77 ]. Mutations in 
the HSV genome associated with ACV resistance 

J.D.F. de Groot-Mijnes
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have been identifi ed and  molecular tests for HSV 
genotyping are available [ 78 – 81 ]. Genotypic resis-
tance analysis is faster and more sensitive than 
phenotypic resistance analysis as it obviates the 
need of cultured virus and may therefore prove 
valuable for analysis of the small volume ocular 
samples in the near future.  

1.4.2     Nonviral Keratitis 

 Although in most institutes the diagnosis of non-
viral keratitis is still made by more conventional 
methods, such as clinical presentation and direct 
staining or culture of ocular material, the molecu-
lar diagnosis of bacterial, fungal, and amoebic 
keratitis is gaining interest fast. Molecular analy-
sis of corneal scrapings and biopsies is fast and 
sensitive and allows for rapid identifi cation of the 
infectious species [ 5 ,  82 – 84 ]. 

 Molecular assays currently described for 
infectious nonviral keratitis predominantly 
include broad-range bacterial and fungal PCR 
assays targeting the 16S rRNA gene and 18S and 
28S rRNA genes, respectively [ 85 – 88 ,  37 ]. 
Microbial species identifi cation can subsequently 
be done by sequence analysis of the PCR product 
or by DNA hybridization procedures [ 84 ]. For 
the identifi cation of  Acanthamoeba  specifi c PCR 
assays are available [ 47 ,  89 ,  90 ]. 

 Due to the high sensitivity and the broad- 
spectrum nature of the molecular tests for bacteria 
and fungi, one should be cautious with regard to 
false-positive results caused by commensal non-
pathogenic species [ 37 ]. As there appears to be a 
high concordance between PCR and conventional 
diagnostic tools, it has been suggested to reserve 
PCR analysis for those cases where conventional 
diagnostics yielded negative results or where a 
rapid defi nitive diagnosis is crucial [ 88 ,  5 ].   

1.5     Molecular Diagnosis 
of Endophthalmitis 

 Endophthalmitis is an uncommon but sight- 
threatening intraocular infl ammation and can 
originate from a trauma or surgical procedure 

(exogenous endophthalmitis) or from an infec-
tion elsewhere in the body through septicemia 
(endogenous endophthalmitis) [ 91 ]. Infectious 
endophthalmitis can be caused by bacteria, fungi, 
parasites, and rarely viruses. Bacterial endo-
phthalmitis predominates, with Staphylococci 
and Streptococci as most common causes, fol-
lowed by fungal endophthalmitis caused by 
among others  Candida parapsilosis ,  Aspergillus  
ssp, and  Fusarium  ssp. [ 91 ]. A rapid diagnosis is 
often of utmost importance. For the diagnosis of 
endophthalmitis, investigation of vitreous by 
direct Gram-staining and/or culture is currently 
mostly applied. More recently, molecular analy-
sis of ocular fl uids is being explored. Large stud-
ies comparing PCR to classical diagnostic tools 
are not available yet, but molecular analysis 
clearly has its advantages. PCR can be more sen-
sitive than Gram-staining and culture particular 
in very early stages of the disease, when the caus-
ative agent concerns a fastidious pathogen or 
when the patient has received antimicrobial treat-
ment [ 92 – 94 ]. Also PCR results are acquired 
faster than culture outcomes. Moreover, with the 
emergence of antimicrobial resistance, also intra-
ocularly, new PCR assays are being developed 
which not only identify specifi c microbes but 
also determine resistance profi les [ 95 – 97 ]. 

 Molecular assays currently described for 
infectious endophthalmitis mostly include the 
broad-range bacterial and fungal PCR assays [ 94 , 
 98 – 102 ]. In addition, Gram-discriminating and 
microorganism-specifi c molecular assay are 
available [ 103 ,  104 ]. Novel explorations include 
the use of multiplex PCR techniques and DNA 
microarrays, which may allow for simultaneous 
detection and identifi cation of a large number of 
microorganism species and may also include 
resistance profi ling [ 101 ,  48 ].  

1.6     Molecular Diagnosis 
of Infectious Uveitis 

 As the inner eye is a secluded compartment sepa-
rated from the periphery by the blood-retina bar-
rier, analysis of peripheral blood is often not 
informative for the diagnosis of infectious  uveitis. 

1 Molecular Diagnosis of Ocular Infections
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For a defi nitive diagnosis, the analysis of intra-
ocular fl uid is imperative. To obtain intraocular 
fl uid for diagnostic purposes, a vitreous or aque-
ous tap can be performed [ 3 ,  105 ,  106 ]. A diag-
nostic vitrectomy is more aggressive than an 
aqueous tap but yields a larger amount of ocular 
fl uid (0.5–0.7 mL). Possible complications of vit-
rectomy are endophthalmitis and retinal detach-
ment; however, their incidence is low [ 3 ,  107 ]. 
An aqueous tap can be performed in the outpa-
tient setting, providing approximately 0.1–
0.2 mL aqueous [ 108 ]. This procedure has been 
shown to be safe in the hands of an experienced 
ophthalmologist [ 105 ,  106 ]. Various infrequent 
complications may occur, such as hyphema, 
occurring mostly in patients with a high intraocu-
lar pressure (IOP) at time of paracentesis [ 106 ]. 
To date, no systematic studies have been done to 
determine whether vitreous or aqueous is supe-
rior in ocular fl uid analyses nor have investigated 
whether the choice of aqueous or vitreous aspi-
rate should be dependent on the location of 
infl ammation within the eye. However, it has 
been reported that aqueous humor analysis pro-
vides a safe and useful fi rst laboratory diagnostic 
tool prior to the more perilous vitrectomy and 
that subsequent vitreous analysis when the aque-
ous humor was negative contributes only margin-
ally to the diagnosis of infectious uveitis 
[ 108 – 110 ]. 

 Polymerase chain reaction (PCR) analysis of 
intraocular fl uids has become an important tool 
for the diagnosis of infectious uveitis and may 
yield results close to 100 % for acute retinal 
necrosis and CMV retinitis [ 21 ,  111 ,  112 ]. 
However, in other infectious uveitis entities, PCR 
yields may be lower. In these cases, analysis of 
intraocular antibody production by Goldmann- 
Witmer coeffi cient (GWC) or Antibody Index 
(AI) calculation may contribute to the diagnosis 
of viral and parasitic uveitis entities [ 13 ,  113 –
 119 ]. The GWC or AI is calculated by  determining 
the ratio of pathogen-specifi c antibody and total 
antibody, usually immunoglobulin G, in serum 
and ocular fl uid thus allowing for the differentia-
tion between leakage of peripheral antibodies 
into the intraocular fl uid and actual local anti-
body production. 

1.6.1     Diagnosis of Viral Uveitis 

 The most common viral ocular infections are 
caused by herpes simplex virus (HSV), varicella 
zoster virus (VZV), and cytomegalovirus 
(CMV). However, over the past decade, new 
viruses have been identifi ed as important etiolo-
gies involved in uveitis, such as rubella virus, 
West Nile virus, dengue virus, and Chikungunya 
virus [ 120 ,  121 ,  117 ]. 

1.6.1.1     Herpetic Uveitis 
 Herpetic uveitis is an ocular infl ammation sec-
ondary to viral infection caused by HSV-1 and 
HSV-2, VZV, or CMV. Intraocular herpetic infec-
tions may present as anterior (kerato)-uveitis or 
as characteristic types of posterior uveitis, such 
as acute retinal necrosis (ARN), progressive 
outer retinal necrosis (PORN), and CMV retini-
tis. More recently, atypical and non-ARN types 
of posterior ocular infections with HSV and VZV 
were reported, as well as hypertensive anterior 
uveitis and Fuchs heterochromic uveitis caused 
by CMV.[ 122 – 128 ,  112 ] CMV retinitis and 
PORN occur predominantly in immunosup-
pressed patients, whereas the other entities are 
prevalent mostly in patients with a competent 
immune system. Peripheral blood analyses for 
antibodies against HSV, VZV, and CMV are not 
useful, because the majority of adults are sero-
positive (up to 90, 100 and 90 % worldwide, 
respectively) even without a clear clinical history 
of disease [ 129 – 133 ]. To establish an intraocular 
herpesviral infection without obvious extraocular 
signs analysis of aqueous humor or vitreous fl uid 
is required. 

 PCR on ocular fl uids has been widely used to 
diagnose herpetic posterior and panuveitis [ 1 – 4 , 
 13 ,  129 ,  108 ,  19 ,  134 – 137 ,  21 ,  111 ,  112 ]. 
Particularly in ARN and PORN, PCR analysis 
has a high success rate. Due to the progressive 
nature of the infection and the high production of 
viral progeny, PCR may yield sensitivities up to 
100 % [ 4 ,  111 ,  21 ,  112 ]. Other HSV- and VZV- 
induced retinitis entities also benefi t from molec-
ular diagnosis albeit with a lower yield [ 122 ,  128 ,   
 212 ]. Possibly, because viral replication occurs at 
a lower level or because the viral load has 
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decreased due to antiviral treatment or due to 
sampling at a later time point in disease [ 4 ,  13 , 
 119 ,  118 ]. Atypical presentations of posterior 
uveitis form a diagnostic challenge, and a delay 
in treatment can be harmful to vision. Here, the 
diagnosis may also benefi t from quick laboratory 
testing of aqueous or vitreous specimens. 

 The diagnosis of CMV retinitis is usually 
based on the typical ophthalmoscopic picture. 
However, in an immunosuppressed individual, 
the introduction of HAART might infl uence the 
clinical presentation, rendering the clinical diag-
nosis more diffi cult [ 138 – 140 ]. Also for the diag-
nosis of CMV retinitis, PCR analysis of 
intraocular fl uid may be useful and is highly sen-
sitive particularly in patients with AIDS [ 141 , 
 108 ,  134 – 136 ,  1 ,  21 ,  112 ,  2 ]. 

 PCR analysis is also applied for the diagnosis 
of herpetic anterior uveitis. Sensitivities range 
between 20 and 80 % and are higher when the 
analysis includes multiple herpes viruses, such as 
combined testing for HSV and VZV [ 136 ,  112 , 
 127 ,  142 – 144 ]. CMV anterior uveitis is a newly 
recognized entity and includes a range of oph-
thalmological manifestations overlapping with 
HSV, VZV, and rubella virus-induced anterior 
uveitis [ 145 ,  123 ,  125 ,  146 ]. Chee et al. con-
fi rmed CMV anterior uveitis by PCR analysis of 
aqueous humor; however, other groups also diag-
nosed CMV anterior uveitis by GWC analysis 
alone, suggesting that the sensitivity of PCR is 
less than 100 % [ 124 ,  126 ,  147 ]. 

 In immunocompetent patients, herpes viral 
nucleic acid can be readily detected in the early 
stages of the disease, whereas at later stages PCR 
assays tend to become negative [ 4 ,  13 ,  119 ,  118 ]. 
The most likely explanation is that later in infec-
tion, the immune system, whether or not sup-
ported by adequate antiviral therapy, has cleared 
the virus or has reduced the viral load below the 
detection level. This may explain the high sensi-
tivity of PCR for the diagnosis of ARN, where 
paracentesis is usually performed very early in 
the disease [ 4 ]. In immunosuppressed individu-
als, viral replication is hardly or not at all limited 
in the absence of antiviral therapy explaining the 
high sensitivity of PCR analysis in CMV retinitis 
in AIDS patients [ 134 ,  2 ]. 

 In addition to merely diagnosing a viral infec-
tion, PCR analysis of sequential ocular samples 
may be very useful to monitor the effi cacy of 
antiviral therapy particularly when treating dev-
astating entities such as ARN, PORN, and CMV 
retinitis [ 141 ,  148 – 150 ]. Moreover, PCR analysis 
and subsequent sequence or DNA microarray 
analysis may also be applied to detect antiviral 
resistance [ 151 ].  

1.6.1.2    Fuchs Heterochromic Uveitis 
Syndrome and Rubella Virus- 
Associated Uveitis 

 Fuchs heterochromic uveitis syndrome (FHUS) 
is a chronic low-grade anterior chamber infl am-
mation characterized by typical clinical signs 
such as fi ne keratic precipitates, diffuse iris atro-
phy and/or heterochromia, the development of 
cataract, and the absence of posterior synechiae 
prior to surgery. In Europe, FHUS was reported 
to be highly associated with rubella virus as in 
almost 100 % of patients intraocular antibody 
production against rubella virus was demon-
strated [ 117 ,  152 – 154 ,  147 ]. Moreover, Birnbaum 
et al. found that the incidence of FHUS was 
reduced in patients vaccinated against rubella 
virus, strongly suggesting a causal relationship 
between FHUS and rubella virus [ 155 ]. 
Additional studies showed that rubella virus- 
associated uveitis represents a range of clinical 
manifestations including true FHUS but also 
FHUS-like entities [ 156 ,  146 ]. 

 Due to the high incidence of natural infection 
during the pre-vaccination era and recent vacci-
nation programs, the seroprevalence for rubella 
virus antibodies is very high (94–96 %) [ 157 ]. 
Therefore, serology is not informative for the 
diagnosis of rubella virus-associated uveitis and 
intraocular fl uid analysis is essential. Several 
reports showed that intraocular antibody produc-
tion against Rubella virus is positive in 93–100 % 
of rubella virus-associated uveitis cases, whereas 
PCR remains negative in the majority of cases 
(80–90 %) [ 117 ,  152 – 154 ]. This may be explained 
by a persistent low-grade infection resulting in a 
low viral load in the aqueous humor [ 117 ]. 
However, FHUS representing a chronic autoim-
mune reaction triggered by the virus also remains 
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a possibility [ 158 ]. In short, contrary to herpesvi-
ral uveitis, PCR analysis is not recommended as 
a fi rst diagnostic laboratory tool for rubella virus- 
associated uveitis, but may be considered when 
intraocular antibody production is detected 
against rubella virus.  

1.6.1.3     Other Viruses 
 Other viruses less frequently associated with 
uveitis can also be identifi ed by PCR analysis 
such as Chikungunya virus, dengue virus, HIV, 
human herpes virus 6, and West Nile virus, 
although information about the sensitivity of the 
PCR assays is unavailable [ 120 ,  39 ,  159 – 162 , 
 121 ]. Epstein-Barr virus can also been identifi ed 
by PCR in ocular fl uids of uveitis patients; how-
ever, its role in uveitis remains controversial [ 39 , 
 163 ,  112 ,  164 ]. A pathognomonic ocular mani-
festation has not been identifi ed yet. Moreover, 
intraocular fl uids of patients with laboratory- 
proven  Toxoplasma  chorioretinitis and VZV- 
induced acute retinal necrosis and of patients 
without intraocular infl ammation have been 
found PCR-positive for EBV. Therefore, PCR 
results should be interpreted with caution and 
preferably performed in combination with other 
laboratory tests, such as determination of intra-
ocular antibody production [ 39 ].   

1.6.2     Diagnosis of Parasitic Uveitis 

1.6.2.1     Ocular Toxoplasmosis 
 Ocular toxoplasmosis (OT), caused by the 
parasite  Toxoplasma gondii , is the most com-
mon identifi able cause of posterior uveitis in 
many parts of the world and can be acquired 
either by congenital or postnatal route of infec-
tion [ 165 ]. Classically, OT presents as a unilat-
eral focal retinochoroidal lesion [ 166 – 169 ]. In 
 immunocompromised patients, OT may exhibit 
a variety of clinical manifestations, including 
single foci of retinochoroiditis in one or both 
eyes, multifocal lesions, or diffuse areas of reti-
nal necrosis, and occasionally as AU [ 170 – 172 ]. 
 Toxoplasma  infection may also mimic ARN and 
should be considered when diagnostic testing for 
HSV, VZV, and CMV is negative [ 173 ]. 

 For the diagnosis of OT, detection of anti- T. 
gondii  IgG antibodies in peripheral blood is not 
informative in areas with a medium to high sero-
prevalence. Detection of serum IgM may be use-
ful, if OT accompanies a recently acquired 
 Toxoplasma  infection [ 174 ,  175 ]. To confi rm the 
diagnosis of toxoplasmosis, intraocular fl uid 
analysis can be performed to detect  T. gondii  
DNA by PCR and/or to establish intraocular anti-
body production by Goldmann-Witmer coeffi -
cient [ 175 ]. Immunoblotting has also been 
described for the detection of serum and intraoc-
ular antibody; however, this method is elaborate 
and quantitation of specifi c bands is more com-
plicated [ 22 ,  176 ]. Several studies on PCR analy-
sis of  Toxoplasma  in aqueous humor reported 
positive results ranging from 13 to 36 % [ 177 ,  13 , 
 178 ,  22 ]. Analysis of intraocular antibody pro-
duction reportedly yielded positive results up to 
93 % and, therefore, appears to play a more deci-
sive role in the diagnosis of intraocular 
 Toxoplasma  infection [ 13 ,  178 ,  108 ,  22 ,  2 ]. In 
primary OT, both PCR and GWC analysis con-
tribute equally to the diagnosis of ocular disease 
[ 178 ,  174 ,  108 ,  22 ]. In immunocompromised 
patients, both assays appear to be valuable; how-
ever, PCR was reported to perform best in atypi-
cal toxoplasmic chorioretinitis in these patients 
[ 178 ,  2 ,  174 ]. 

 Various studies suggest that for the diagnosis 
of OT, the application of both diagnostic assays is 
indicated irrespective of the patient’s immune 
status [ 177 ,  13 ,  176 ,  2 ].   

1.6.3     Diagnosis of Bacterial Uveitis 

 In uveitis, the bacterial load in ocular fl uids is 
usually too low to be detected by culture. 
Moreover, the involved bacteria are frequently 
fastidious or grow obligatory intracellular. PCR 
analysis may overcome these problems. Several 
molecular assays exist for the detection of intra-
ocular bacteria. Specifi c assays are available for 
 Mycobacterium tuberculosis ,  Treponema palli-
dum , and  Tropheryma whipplei  [ 179 – 181 , 
 31 ,  29 ]. PCR assays are also available for  Borrelia  
and  Bartonella ; however, positive results on 
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 ocular fl uid have sporadically been reported [ 182 , 
 29 ]. For the detection of bacteria, the panbacte-
rial 16S rRNA gene-based assay may be used 
[ 29 ]. Identifi cation of the particular bacterial spe-
cies requires subsequent sequence analysis of the 
amplifi cation product. The latter method has 
proven valuable for screening large cohorts of 
undiagnosed uveitis and endophthalmitis patients 
but may also be of value for individual ophthal-
mology patients with a strong suspicion of a bac-
terial intraocular infection for which a specifi c 
PCR assay is not available [ 35 ,  29 ,  99 ,  183 ]. 

1.6.3.1     Ocular Tuberculosis 
 Ocular tuberculosis may present in many enti-
ties including conjunctivitis, keratitis, scleritis, 
anterior granulomatous infl ammation, retinal 
vasculitis, or chorioretinal lesions similar to ser-
piginous-like choroiditis. The ability to mimic 
other infections is in part determined by the 
variable host response and to the fact that virtu-
ally all parts of the eye may be affected [ 184 –
 186 ,  83 ]. This large variation in presentations 
makes the diagnosis of intraocular tuberculosis 
diffi cult. Clinical suspicion is an imperative fi rst 
step toward the correct diagnosis. Patients sus-
pected of ocular tuberculosis generally undergo 
a complete physical examination including a 
Mantoux tuberculin skin test (TST) and chest 
radiograph. However, the TST test results 
should be interpreted with care. Vaccination 
with the bacillus Calmette-Guérin (BCG) vac-
cine poses a potential source of cross-reactions 
and may yield false- positive results [ 184 ,  187 ]. 
Recently, interferon-gamma release assays 
(IGRAs), such as the QuantiFERON-TB Gold 
test and the T. Spot-TB® Elispot assay have been 
added to the diagnostic repertoire [ 188 ,  184 , 
 189 ,  190 ]. The antigens used in these assays are 
not shared by the vaccine strain, thus prevent-
ing  false- positive results in BCG-vaccinated 
individuals [ 188 ,  184 ]. A positive TST or IGRA 
only indicates that a person has been exposed to 
 Mycobacterium tuberculosis , and does not dis-
tinguish between active or latent disease. In fact, 
in active disease or in AIDS patients with a low 
CD4 count, both the TST and IGRAs may be 
negative [ 191 – 195 ]. 

 The diagnosis of ocular tuberculosis is defi ni-
tive when  M. tuberculosis  is identifi ed in the eye. 
However, this is rarely achieved, because myco-
bacterial culture facilities are not readily avail-
able and cultures may require several weeks for a 
positive result [ 191 ,  196 ]. A rapid procedure for 
diagnosing tuberculosis is the examination of 
acid-fast (Ziehl-Neelsen) stained smears of 
infected ocular tissue or fl uid. But, as the amount 
of microorganisms found in intraocular fl uids is 
usually relatively low, direct microscopy of the 
smears may not be sensitive enough [ 197 ,  184 ]. 
 M. tuberculosis -specifi c molecular tests, mostly 
PCR assays, are available and have been found 
useful for the diagnosis of intraocular tuberculo-
sis using several intraocular materials, such as 
aqueous humor and vitreous fl uid, but also cho-
rioretinal biopsies and subretinal fl uid [ 179 ,  23 , 
 180 ,  27 ,  198 – 200 ]. Recently, also LAMP assays 
were developed for  Mycobacterium tuberculosis  
[ 45 ,  46 ]. Little information is available on the 
sensitivity of the molecular tests for the various 
ocular tuberculosis entities and the ocular mate-
rial analyzed. However, anecdotal data suggest 
that these assays are most useful in tuberculosis 
endemic areas where intraocular bacterial loads 
may be higher.  

1.6.3.2     Ocular Syphilis 
 The spirochete  Treponema pallidum  is the caus-
ative agent of syphilis, a sexually transmitted 
disease [ 201 ]. Uveitis is the most common ocu-
lar feature of syphilis and is often associated 
with neurosyphilis [ 202 ]. No pathognomonic 
features exist for syphilitic uveitis and, hence, 
the term “great imitator” applies not only to sys-
temic syphilis but also to ocular syphilitic dis-
ease. When ocular syphilis is suspected, initially 
standard syphilis screening assays are performed, 
such as the  Treponema pallidum  hemagglutina-
tion and particle agglutination assays (TPHA 
and TPPA, respectively), fl uorescent treponemal 
antibody absorption (FTA-ABS) test and the 
immunoblot on peripheral blood. Enzyme immu-
noassays are also available and show promising 
results as screening assays in all stages of syphi-
lis [ 203 ,  204 ]. However, none of these tests dis-
criminate between a previous or active  infection. 
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The non-treponemal Venereal Disease Research 
Laboratory (VDRL) and the rapid plasma reagin 
(RPR) tests are applied to determine the activity 
of disease and can be useful to monitor treatment 
[ 201 ]. Neurosyphilis is confi rmed by a positive 
VDRL in CSF or by the presence of intrathecal 
antibody production, using the TPHA or TPPA 
[ 205 – 207 ]. The diagnosis of ocular syphilis is 
considered proven when ocular disease is present 
in active syphilis or in combination with proven 
neurosyphilis. However, in case of severely immu-
nocompromised patients, the possibility of other 
ocular infections should preferable be excluded. 
Intraocular fl uid analysis is not commonly used 
for the diagnosis of ocular syphilis. PCR assays 
are available and have been reported positive for 
both aqueous and vitreous fl uids; however, sen-
sitivity data on the molecular analysis for ocular 
syphilis are not available [ 30 ,  31 ,  208 ,  209 ].    

    Conclusions 

 Most molecular assays are expensive and 
require well-equipped laboratories. Moreover, 
molecular analysis may not always provide an 
answer. However, molecular diagnostic tools 
clearly have their benefi ts. Particularly PCR 
analysis of ocular fl uids can contribute sig-
nifi cantly to the diagnosis of an ocular infec-
tion. However, it also has its weaknesses and 
limitations. A positive PCR result may depend 
on many factors. Indisputably, it requires the 
presence of the culprit in the collected ocu-
lar sample. Depending on the location and 
nature of the ocular infection, the pathogenic 
load in different ocular samples may dif-
fer. For instance, in case of herpes keratitis, 
it was demonstrated that the viral burden is 
higher in ocular scrapings than in tear fl uid 
[ 68 ]. For the same  reason,  Chlamydia tra-
chomatis , an obligate intracellular bacterium, 
is best detected in conjunctival swabs which 
contain infected cells. Negative PCR results 
may also be encountered when a patient has 
already been treated with antibiotics or anti-
virals. Furthermore, in subacute or chronic 
ocular diseases, such as herpetic anterior uve-
itis and rubella virus-associated uveitis, the 
 pathogenic load may have dropped below the 
detection level rendering negative PCR results. 

On the other hand, PCR assays have become 
so sensitive that occasionally infectious agents 
are detected that are merely bystanders and do 
not contribute to the actual disease. 

 Other diagnostic tools may complement 
molecular diagnostic tools, not only to confi rm 
a diagnosis in case of a negative PCR result but 
also to confi rm or exclude a diagnosis in case 
of a putative false-positive PCR result. 
Antibody detection may provide a valuable 
addition to the diagnostic repertoire. In kerati-
tis and conjunctivitis, IgA detection in tear 
fl uid can be of help [ 210 ,  211 ]. In infectious 
uveitis, the detection of intraocular antibody 
production can play a major role in the diagno-
sis of herpesviral, rubella viral, and toxoplas-
mic infections [ 4 ,  152 ,  13 ,  119 ,  118 ,  175 ,  22 ]. 
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2.1            Introduction 

 The US Food and Drug Administration has 
approved more new antibiotics in the past 20 
years than all antibiotics discovered in the twen-
tieth century. The recent proliferation of new 
antibiotics has made the selection more diffi cult 
[ 1 – 5 ]. The selection of an antibiotic depends on 
the clinical fi ndings, the most likely causative 
organism, the laboratory confi rmation, and the 
pharmacokinetics of the drug. 

 The purpose of this chapter is to put in the 
hands of the ophthalmologist a concise approach 
to the selection of topical or systemic antimicro-
bial agents in the management of infections of the 
eye. This would provide practical, concise, and 
objective information on antimicrobial agents 
used in the treatment of infections of the eye. The 
information is useful as a rapid reference for the 
eye care practitioner. The use of antibiotics in 
ocular infection can be preventive, preemptive, 
curative, or prophylaxis. The  guidelines for the 

proper use of antimicrobial agents in ophthalmol-
ogy are outlined (Table  2.1 ).

   The dramatic decrease in the incidence of 
classic infectious diseases is due largely to, fi rst, 
mass vaccination, which has eradicated certain 
infectious disease such as smallpox; second, the 
implementation of rigorous public health mea-
sures by many countries; and, third, the 
 introduction of newly discovered antimicrobial 
agents. In the fi rst decade of the twenty-fi rst cen-
tury, infectious diseases continue to be a serious 
cause of visual loss, mortality, and morbidity. We 
should not rest on the laurels we have won for 
 overcoming the classic infections, but we should, 
rather, prepare ourselves to confront the microor-
ganisms emerging from the degradation of our 
ecosystem as well as those bacteria that are 
becoming increasingly antibiotic resistant. 
Several new infectious agents have been recently 
identifi ed as a cause of disease in man (Table  2.2 ).

   Chemicals were used as early as the seven-
teenth century to treat infectious disease. Quinine 
was used for malaria, and emetine was used for 
amebiasis. Antibiotics, however, can cause harm 
as well as good. Erlich, in 1900 in Germany, 
introduced the concept of selective toxicity of 
chemicals, showing that it is possible to use an 
antibiotic that is toxic to the microorganism but 
does not harm the host. In 1929, Fleming recorded 
his observation that agar plates in his laboratory 
contaminated with  Penicillium  spp. were free of 
other bacteria such as staphylococci and went to 
discover penicillin. In 1935 in Germany, Domagk 
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described sulfonamide, not only winning the 
Nobel Prize in 1939 but also launching a new era 
of antimicrobial agents. It was not until 1940, 
however, when Chain and Florey used penicillin 
in the treatment of  Streptococcus pneumoniae  

infections, and that was the turning point in the 
management of infectious diseases. 

 Streptomycin was described in the late 1940s; 
tetracyclines were launched in the early 1950s, 
followed by chloramphenicol and later followed 
by lincomycin in the 1960s. Lincomycin was 
described from the systematic analysis of soil 
samples in Lincoln, Nebraska, in the United 
States and was named after the state’s capi-
tal city, Lincoln. It was produced by a strain of 
 Streptomyces lincolnensis.  After this discovery, 
extensive soil sampling was conducted world-
wide to isolate and identify antibiotic-producing 
organisms. 

 There are so many different types and genera-
tions of antibiotics. It is important, therefore, to 
identify those which are useful in ophthalmology 
and those that are not. It is of paramount impor-
tance to select the right antibiotic to treat ocular 
infection; fundamental to this is the identifi cation 
of the organism responsible for the infection. 

 The initial selection of antibiotics for the treat-
ment of ocular infections is based on the most 
frequently encountered organism, pharmacoki-
netics of the antibiotic, dosage, and cost. 

 The great stumbling blocks to safe and effec-
tive antibiotic therapy are resistance and toxicity, 
two factors which must always be taken into 
account when choosing an antibiotic. Cost is 
another factor and one that is often overlooked. 
It is important to be aware of the fact that some 
antibiotics are expensive. There have been 

   Table 2.2    Newly discovered microbial pathogens   

 Disease  Cause 

 Cat scratch disease   Bartonella henselae  
 Pneumonia  Hanta virus 
 Kaposi’s sarcoma  Human herpes simplex 

virus type 6 
 Autoimmune defi ciency 
syndrome (AIDS) 

 Human immunodefi ciency 
virus type 1 and type 2 

 T cell lymphoma  Human T cell 
lymphoma virus 

 Lyme disease   Borrelia burgdorferi  
 Whipple’s disease   Treponema whippelii  
 Severe acute respiratory 
syndrome (SARS) 

 Corona virus 

 Middle East Respiratory 
Syndrome (MERS) 

 Corona virus 

 Avian infl uenza  H 5 N 1  virus 

   Table 2.1    Guidelines for the proper use of antibiotics for 
ocular infections   

  1.  The use of antibiotics for treatment of ocular 
infections should be initiated whenever a patient has 
an infection which is microbial in nature and the 
organism is susceptible to the antibiotic prescribed 

  2.  The patient’s history and eye examination should be 
consistent with the diagnosis of microbial infection 

  3.  Ocular specimens for stain, cultures, or molecular 
diagnosis (e.g., PCR) should be obtained before the 
initiation of therapy and sent immediately to the 
laboratory. The etiologic organism causing the 
infection should be identifi ed 

  4.  In serious infections, treatment may be started 
empirically before laboratory results are obtained 

  5.  The selection of the antibiotic should be based on 
the susceptibility of the organisms, adverse effects, 
penetration into the affected tissue, and cost 

  6.  Discrepancies between the results of the laboratory 
sensitivity tests and the patient clinical response 
should be carefully evaluated 

  7.  Adverse effects from the use of the antibiotic 
(allergic or toxic) should be taken into account in 
the selection and administration of antibiotic agents’ 
autotoxicity, nephrotoxicity, or hepatotoxicity. The 
antibiotic should be discontinued if an allergic or 
serious adverse reaction occurs after its use 

  8.  Blood level monitoring of systemic antibiotics 
should be assessed whenever indicated 

  9.  Duration of therapy is dependent on the nature of 
the infection and site of the infection but should not 
be less than 1 week 

 10.  The route of antibiotics should be given at a dosage 
level that will allow penetration of the antibiotic 
into the desirable infected site within the safe 
margin and for the shortest period of time to 
eradicate the offending agent 

 11.  The possibility of a superinfection should always be 
kept in mind when antibiotics are used for a 
prolonged period of time 

 12.  The use of antibiotic combinations should be 
avoided unless the organism has not been cultured 
and the fi ndings are highly suggestive of infectious 
etiology 

 13.  Antibiotic prophylaxis in surgery should be used 
very carefully; the antibiotic used should cover both 
Gram-negative and Gram-positive organisms and be 
started just before surgery and discontinued 
immediately following surgery 

 14. Long-term use of antibiotics should be avoided 
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instances of patients receiving very expensive 
therapy when in fact the organism responsible for 
their infection was sensitive to much cheaper 
antibiotics. The combination of antibiotic agents 
may be used simultaneously in the following 
conditions:
    (a)    In a severe devastating vision-threatening 

ocular infection of unknown etiology and 
after lab tests have been initiated to deter-
mine a specifi c etiologic agent   

   (b)    If an infection is caused by more than one 
organism   

   (c)    The emergence of resistant strains of bacteria 
during the treatment   

   (d)    In case of infections caused by organ-
isms that are known to respond better to 
 simultaneous use of more than one antibiotic 
such as  Toxoplasma  and  Acanthamoeba    

   (e)    Organisms not cultured and the clinical fi nd-
ings are highly suggestive of infectious etiology      

2.2     Mechanism of Action 

 Although antibiotics can be described as being 
either bacteriostatic or bactericidal, this is a less 
useful classifi cation than the one which is based on 
the drug mechanism of action, namely, how and 
where they affect the target organism. Under this 
system of classifi cation, the fi rst group of antibiot-
ics inhibits synthesis of the cell wall, the second 
group inhibits the cell membrane, the third group 
affects ribosomal function and protein synthesis, 
and the fourth group affects nucleic acid synthesis. 

 Topical antimicrobial agents used in ocular 
infections are listed in Table  2.3 . The antimi-
crobial agents that can be compounded for the 
treatment of ocular infections for topical, subcon-
junctival, intravitreal, and intravenous are sum-
marized in Table  2.4 . Antibiotics that are used 
for bacterial (Table  2.5 ), fungal (Table  2.6 ), viral 
infections (Table  2.7 ) are also listed.

   Table 2.3    Commercially available topical ophthalmic antibacterial agents   

 Generic name  Trade name 

 Concentration 

 Ophthalmic solution  Ophthalmic ointment 

  Individual agents  
 Bacitrin  Not available  500 units/g 
 Besifl oxacin  Besivance  0.6 %  Not available 
 Ciprofl oxacin hydrochloride  Ciloxan  0.3 %  0.3 % 
 Erythromycin  Not available  0.5 % 
 Gatifl oxacin  Zymar, Tymer  0.3 %  Not available 
 Gentamicin sulfate  Genoptic, Garamycin  0.3 %  0.3 % 
 Lomefl oxacin  Okacin 
 Levofl oxacin  Iquix  1.5 %  Not available 

 Quixin  0.5 %  Not available 
 Moxifl oxacin  Vigamox  0.5 %  Not available 
 Ofl oxacin  Ofl ox, Optifl ox  0.3 %  Not available 
 Sulfacetamide  Bleph-10  10 %  Not available 

 Sulf-10 (15 mL) or 
preservative-free 

 10 %  Not available 

 Generic  10 %  10 % 
 Tobramycin sulfate  Tobrex  0.3 %  0.3 % 

 Generic  0.3 %  Not available 
 Tosufl oxacin  Ozex  0.3 %  Not available 
  Mixtures  
 Chloramphenicol eyedrops 
and ointment 

 Generic  0.5 % 

 Polymyxin B/bacitracin zinc  AK-Poly-Bac  Not available  10,000 units – 500 
units/g  Polysporin 

 Polycin-B 
 Generic 

(continued)
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   Table 2.4    Compounding of major antibiotics for the treatment of ocular infections   

 Route of administration 

 Drug name a   Topical  Subconjunctival  Intravitreal  Intravenous b  

 Amikacin sulfate  10 mg/mL  25 mg  400 μgm  15 mg/kg daily in 2–3 doses 
 Ampicillin sodium  50 mg/mL  50–150 mg  5 mg  4–12 g daily in 4 doses 
 Bacitracin zinc  10,000 units/mL  5,000 units  –  – 
 Cefazolin sodium  50 mg/mL  100 mg  2,250 μgm  2–4 g daily in 3–4 doses 
 Ceftazidime  50 mg/mL  100 mg  2,000 μgm  1 g daily in 2–3 doses 
 Ceftriaxone  50 mg/mL  –  –  1–4 g daily in 1–2 doses 
 Clindamycin  50 mg/mL  15–50 mg  1,000 μgm  900–1,800 mg daily in 2–3 doses 
 Colistimethate 
sodium 

 10 mg/mL  15–25 mg  100 μgm  2.5–5 mg/kg daily in 2–4 doses 

 Erythromycin  50 mg/ml  100 mg  500 μgm  – 
 Gentamicin sulfate  8–15 mg/ml  10–20 mg  100–200 μgm  3–5 mg/kg daily in 2–3 doses 
 Imipenem/cilastatin 
sodium 

 5 mg/ml  –  –  2 g daily in 3–4 doses 

 Kanamycin sulfate  30–50 mg/ml  30 mg  500 mg  – 
 Neomycin sulfate  5–8 mg/ml  125–250 mg  –  – 
 Penicillin G  100,000 units/mL  0.5–1.0 million units  300 units  12–24 million units daily in 4–6 

doses 
 Piperacillin  12.5 mg/mL  100 mg  –  – 
 Polymyxin B sulfate  10,000 units/mL  100,000 units  –  – 
 Ticarcillin disodium  6 mg/mL  100 mg  –  200–300 mg/kg daily 3 × in 4–6 

doses 
 Tobramycin sulfate  8–15 mg/mL  10–20 mg  100–200 μgm  3–5 mg/kg daily in 2–3 doses 
 Vancomycin 
hydrochloride c  

 20–25 mg/mL  25 mg  1,000 μgm  15–30 mg/kg daily in 1–2 doses 

   a Most penicillins and cephalosporins are physically incompatible when combined in the same bottle with aminoglyco-
sides such as amikacin, gentamicin, or tobramycin 
  b Adult doses 
  c Usage discouraged by CDC because of increased resistant organisms  

 Generic name  Trade name 

 Concentration 

 Ophthalmic solution  Ophthalmic ointment 

 Polymyxin B/neomycin/bacitracin  Neosporin  Not available  10,000 units – 3.5 mg
 – 400 units/g  Generic 

 Polymyxin B/neomycin/gramicidin  Neosporin  10,000 units – 1.75 mg 
– 0.025 mg/mL 

 Not available 
 Generic 

 Polymyxin B/trimethoprim  Polytrim  10,000 units – 1 mg/mL  Not available 
 Generic 

Table 2.3 (continued)

2.3            Antibiotics That Inhibit Cell 
Wall Synthesis 

 Several antibiotics affect the cell wall of organ-
isms including penicillins, cephalosporins, gram-
icidin, and bacitracin [ 6 – 17 ]. Bacterial survival 
can be compromised without a cell wall. The cell 

wall protects bacteria from the environmental 
noxious agents and maintains the intracellular 
milieu. The thickness of bacterial cell walls var-
ies: Gram-positive bacteria have thick cell walls, 
and Gram-negative bacteria have thin cell walls. 
The internal osmotic pressure of Gram-positive 
organisms is higher than that in Gram-negative 
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   Table 2.5    Bacterial keratitis therapy (initial therapy for bacterial keratitis)   

 Organism  Antibiotic  Topical dose  Subconjunctival dose 

 Gram(+) cocci  Cefazolin  50 mg/mL  100 mg in 0.5 mL 
 Vancomycin a   50 mg/mL  25 mg in 0.5 ML 

 Gram(−) rods  Tobramycin  9–14 mg/mL  20 mg in 0.5 mL 
 Ceftazidime  50 mg/mL  100 mg in 0.5 mL 
 Fluoroquinolones  3 mg/mL  Not available 

 No organism or multiple 
types of organisms 

 Cefazolin  50 mg/mL  100 mg in 0.5 mL 
 with 
 Tobramycin  9–14 mg/mL  20 mg in 0.5 mL 
 or 
 Fluoroquinolones  3 mg/mL  Not available 

 Gram(−) cocci  Ceftriaxone  50 mg/mL  100 mg in 0.5 mL 
 Ceftazidime  50 mg/mL 

 Mycobacteria  Amikacin  20 mg/mL  20 mg in 0.5 mL 
 Azithromycin  1.5 mg/ml (0.15 %) 

   a For resistant  Staphylococcus  species  

   Table 2.6    Antimicrobial agents for fungal keratitis   

 Generic (trade) name  Route  Dosage 

 Amphotericin B 
(Fungizone ® ) 

 Topical  0.1–0.5 % solution (most commonly 0.15 %); dilute with water for 
injection or dextrose 5 % in water 

 Subconj.  0.8–1.0 mg 
 Intravitreal  5 mcg 

 Liposomal amphotericin B  Intravenous 
 Fluconazole (Difl ucan ® )  Oral  200 mg on day 1, then 100 mg daily in divided doses 

 400 mg on day 1, then 200 mg daily in divided doses 
 Intravenous  IV  200–400 mg 
 Flucytosine (Ancobon ® )  Oral  50–150 mg/kg daily 4 divided doses 
 Itraconazole (Sporanox ® )  Oral  200–400 mg/kg daily 

 Intravenous  200 mg IV twice a day for 4 doses, then 200 mg IV daily for 14 days 
 Ketoconazole (Nizoral ® )  Oral  200–400 mg daily 
 Natamycin (Natacyn ® )    Topical  5 % suspension 
 Voriconazole (Vfend ® )  Oral  200 mg twice a day 

 Intravenous  3–6 mg/kg every 12 h 
 Intracorneal  25 μgm 
 Topical  1 % eyedrops 

   Table 2.7    Antimicrobial agents for viral ocular infections   

 Generic (trade) name  Topical conc.  Intravit. dose  Systemic dosage 

 Trifl uridine (Viroptic ® )  1.0 %  –  – 
 Acyclovir sodium  –  24,000 μgm  Oral –  herpes simplex  keratitis: 200 mg 5 times daily for 

7–10 days 
 Oral –  herpes zoster ophthalmicus : 600–800 mg 5 times 
daily for 10 days; IV therapy 

 Cidofovir (Vistide ® )  –  –  IV – induction: 5 mg/kg constant infusion over 1 h 
administered once weekly for 2 consecutive weeks 
 Maintenance: 5 mg/kg constant infusion over 1 h 
administered once every 2 weeks 

(continued)
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organisms. A Gram-positive organism, in partic-
ular, is under considerable risk of death when the 
cell wall is compromised. 

 Bacterial cell wall contains peptidoglycans 
and ligands of alternating pyranoside residues of 
two amino sugars,  N -acetylglucosamine and 
 N -acetylmuramic acid (the latter is not found in 
mammalian cells), and is cross-linked by penta-
peptide chains. Pentapeptide cross-linking gives 
the cell wall its rigidity; consequently, the intro-
duction of antimicrobial agents or antibiotics that 
interfere with cross-linking causes the cell wall to 
weaken and the organism to die. 

 Unlike bacteria, mammalian cells do not have 
cell walls a selective target and an example of 
selective toxicity. 

2.3.1     Penicillins 

 Penicillins are beta-lactam antibiotics. There are 
four generations of penicillins. The fi rst three are 
important in the treatment of ocular infections. 
The fi rst-generation penicillins are penicillin G 

and penicillinase-resistant penicillins, of which 
there are two types, methicillin and nafcillin. 
Methicillin was used to treat beta-lactamase- 
producing organisms. Methicillin can cause 
interstitial nephritis and is no longer used in most 
centers. The penicillins are used specifi cally to 
treat ocular infections caused by  Streptococcus , 
 Neisseria ,  Clostridium  spp., syphilis, and 
 Actinomyces . 

 The second-generation penicillins include 
ampicillin and amoxicillin. These antibiotics 
have a slightly broader spectrum than those of the 
fi rst generation. The second-generation penicil-
lins are used to treat ocular infections caused by 
 Haemophilus  species and enterococci. 

 The third-generation penicillins are carbeni-
cillin and ticarcillin. Ticarcillin has been com-
bined with clavulanic acid as a suicide inhibitor 
of beta-lactamase. These antibiotics occupy 
receptor sites on Gram-negative bacteria making 
them more active against Gram-negative bacte-
ria. Until recently, carbenicillin was used to treat 
 Pseudomonas  infections. Ticarcillin has replaced 
carbenicillin and may be used in combination 

Table 2.7 (continued)

 Generic (trade) name  Topical conc.  Intravit. dose  Systemic dosage 

 Famciclovir (Famvir ® )  –  –  Oral –  herpes zoster ophthalmicus  500 mg 3 times daily 
for 7 days 

 Fomivirsen 
(Vitravene ® ) 

 –  330 μgm  Every other week for 4 doses, then every 4 weeks. Contains 
6.6 mg/mL, in a 0.25-ml vial 

 Foscarnet sodium 
(Foscavir ® ) 

 –  1 mg  IV – by controlled infusion only, either by central 
vein or by peripheral vein induction: 60 mg/kg 
(adjusted for renal function) given over 1 h every 
8 h for 14–21 days 
 Maintenance: 90–120 mg/kg given over 2 h once daily 

 Ganciclovir (gel) 
(Zirgan®, Virgan) 

 0.15 % 

 Ganciclovir sodium 
(Cytovene ® ) 

 –  0.2 mg  IV – induction: 5 mg/kg every 12 h for 14–21 days 
 Maintenance: 5 mg/kg daily for 7 days or 6 mg once daily 
for 5 days/week 
 Oral – after IV induction: 1,000 mg 3 times daily with food 
or 500 mg 6 times daily every 3 h 

 Ganciclovir sodium 
(Vitrasert ® ) a  

 –  4.5 mg 

 Valacyclovir (Valtrex ® )  –  –  Oral –  herpes zoster ophthalmicus : 1 g 3 times daily 
for 7 days 
 Herpes simplex virus (types 1 & II): 1 g 2 times daily 

   a Sterile intravitreal insert designed to release the drug over a 5–8-month period  
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with aminoglycosides. The fourth group of peni-
cillins comprises of mezlocillin, piperacillin and 
azlocillin which are derivatives of ampicillin and 
are similar to carbenicillin and ticarcillin. These 
antibiotics are also effective against Gram- 
negative organisms because they have a greater 
affi nity to cell wall receptor sites in Gram- 
negative organisms than in Gram-positive organ-
isms. The fourth-generation penicillins have 
limited role in ophthalmology. New generations 
of antibiotics are not necessarily better or more 
effective than earlier generations. Each genera-
tion of antibiotics plays a specifi c role and has 
specifi c indication and advantages in the treat-
ment of infections caused by susceptible 
organisms. 

 Organisms become resistant by producing 
beta-lactamase. The enzyme disrupts the beta- 
lactam ring, rendering it ineffective. In order 
to counteract this, an antibiotic called clavu-
lanic acid, produced by  Streptomyces  spp., has 
been introduced. Clavulanic acid has a very 
weak antibiotic effect and binds to beta-lacta-
mase and inhibits its effects, “suicide inhibi-
tion.” Clavulanic acid has unique affi nity to 
beta- lactamase and leads to its deactivation. 
The combination of clavulanic acid to exist-
ing antibiotics does not constitute a new gen-
eration of antibiotics but is a new therapeutic 
strategy to improve the effectiveness of existing 
antibiotics. 

 A combination of 500 mg amoxicillin and 
250 mg clavulanic acid (Augmentin®) is effective 
against beta-lactamase-producing organisms 
such as  Haemophilus  and streptococci. The drug 
is used for the treatment of preseptal cellulitis in 
young children where  Haemophilus  is a common 
cause. Similarly, a combination of ticarcillin and 
clavulanic acid (Timentin®). 

 Cloxacillin is similar to clavulanic acid 
(Timentin®) in that it has strong affi nity for beta-
lactamase and neutralizes its effects.  

2.3.2     Monobactam Antibiotics 

 Several examples of monobactam antibiotics 
are available which are Impenem meropenen, 

ectapenem which have wide antimicrobial activ-
ity. Impenen is effective against anaerobes, 
Gram-positive and Gram-negative organisms, 
 Streptococcus pneumoniae ,  Streptococcus  Group 
A,  Staphylococcus aureus ,  Streptococcus fae-
calis , and  Haemophilus infl uenzae . The mini-
mum inhibitory concentration of imipenem to 
 Haemophilus infl uenzae  and  Neisseria  spp. is 
less than 0.6 μg/ml. Imipenem is also effective 
against  Enterobacteriaceae ,  Pseudomonas , and 
 Acinetobacter calcoaceticus.  Imipenem has been 
marketed in combination with silastin. Silastin 
inhibits hydropeptidase, an enzyme released by 
the brush border of the kidney which destroys 
imipenem. Consequently, cilastatin prolongs 
the half-life of imipenem and increases the con-
centration of imipenem in the urine. Imipenem 
should not be used in conjunction with cephalo-
sporin because of potential antagonism.  

2.3.3     Cephalosporins 

 Cephalosporins are an important group account-
ing for some 50 % of all antibiotics prescribed in 
hospitals (Tables  2.8a  and  2.8b ). Over 25 cepha-
losporins are available, and many more are under 
investigation. The advantages of cephalosporins 
include a broad-spectrum bactericidal with selec-
tive toxicity. Cephalosporins (fi rst generation) 
are effective against penicillinase-producing 
 Staphylococcus aureus . The disadvantages of 
cephalosporins include low CSF level, and there-
fore the agents are not recommended to treat 
meningitis. They have limited effects against 
enterococci, and they may potentiate nephrotox-
icity if they are used intravenously in combina-
tion with aminoglycosides.

    The fi rst generation of cephalosporins was 
introduced in the 1970s. One of the antibiotics in 
this generation is cefazolin. As with other groups 
of antibiotics, each generation of cephalosporins 
has its own spectrum: the fi rst-generation cepha-
losporins are more effective against Gram- 
positive cocci than the third- or fourth-generation 
cephalosporins. 

 The second-generation cephalosporins 
include cefuroxime and cefonicid. Cefuroxime 
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is the treatment of choice for sinus infections. 
It has been used intracamerally in phaco-
emulsifi cation for the prevention of postop-
erative endophthalmitis. Unfortunately, it 
has no effects against  Pseudomonas  or other 
enteric Gram-negative organisms. It is a good 
single drug for the treatment of patients with 
sinusitis or orbital cellulitis as it covers most 
of the Gram-positive cocci (staphylococci, 
streptococci) as well as  non- enteric Gram-
negative organisms; it is also effective against 
 Haemophilus . In addition, cefuroxime has a 
long half-life and can be administered intra-
venously twice daily. Unlike cefamandole, 

cefuroxime does not cause  bleeding tenden-
cies and is well tolerated. The disadvantages 
of cefuroxime are as follows: (1) it is not active 
against  Pseudomonas  spp . , enterococci, or 
 B. fragilis , and (2) the drug is relatively expen-
sive. Cefaclor is for oral administration. 

 The third-generation cephalosporins include 
ceftazidime, cefotaxime, and ceftriaxone. 
Ceftriaxone is the drug of choice for treating 
 Neisseria gonorrhoeae . Most current strains of  N. 
gonorrhoeae  are resistant to penicillins, and many 
of them are resistant to other antimicrobial agents 
as well. Ceftriaxone is effective against infections 
caused by  Neisseria meningitidis.  Ceftriaxone is 

   Table 2.8a    The major cephalosporins   

 First generation  Second generation  Third generation 

  Parenteral    Parenteral    Parenteral  
 Cephalothin (Kefl in)  Cefamandole (Mandol)  Cefotaxime (Claforan) 
 Cefazolin (Ancef, Kefzol)  Cefoxitin (Mefoxin)  Cefoperazone (Cefobid) 
 Cephapirin (Cefadyl)  Cefuroxime (Zinacef)  Ceftizoxime (Cefi zox) 
 Cephradine (Velosef)  Cefotetan (Cefotan)  Ceftriaxone (Rocephin) 

 Ceftazidime (Fortaz, Tazidime, or Tazicef) 
 Cefepime (Maxipime) 

  Oral    Oral    Oral  
 Cephalexin (Kefl ex)  Cefuroxime axetil (Ceftin)  Cefi xime (Suprax) 
 Cephradine (Velosef, Anspor)  Cefprozil (Cefzil)  Cefpodoxime (Vantin) 

 Loracarbef (Lorabid)  Ceftibuten (Cedax) 
 Cefadroxil (Duricef)  Cefaclor (Ceclor)  Cefdinir (Omnicef) 

   Table 2.8b    Selective oral cephalosporins for ocular and adnexal infections   

 Agent  Indication 

  First generation  
 Cephalexin (Kefl ex) or  Eyelid minor soft tissue infections due to methicillin susceptible  S. aureus  and/or 

 S. pyogenes  
 Cephradine (Anspor, Velosef)  Alternative in streptococcal pharyngitis 
  Second generation  
 Cefuroxime (Ceftin), or  Alternative therapy in orbital cellulitis, otitis media, sinusitis, bronchitis 
 Cefprozil (Cefzil), or  Cefuroxime axetil has been used in Lyme disease 
 Loracarbef (Lorabid)  Alternate therapy in early selected cases of community-acquired pneumonia (CAP) 
 Cefaclor (Ceclor) 
  Third generation  
 Cefi xime (Suprax)  Alternate therapy for  H. infl uenza  and  M. catarrhalis  

 Alternate for uncomplicated gonorrheal conjunctivitis 
 Ceftibuten (Cedax)  No unique role, possible alternative 
 Cefdinir (Omnicef)  No unique role 
 Ceftriaxone (Rocephin)  Lyme disease, leptospirosis, syphilis, gonorrheal conjunctivitis 
 Ceftazidime (Fortaz)  Endophthalmitis combined with vancomycin 
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used for the treatment of ocular infections caused 
by  Borrelia ,  Leptospira , and  Treponema  and 
infections caused by  Haemophilus  and beta-
lactamase- producing organisms. Other advan-
tages of ceftriaxone include its long half-life and, 
therefore, can be used once or twice daily (unlike 
other cephalosporins which have to be adminis-
tered three or four times daily) which makes it 
cost-effective. Ceftriaxone has certain disadvan-
tages including its limited value in the treatment 
of infections caused by  Pseudomonas  spp. except 
when combined with aminoglycosides and has 
little or no effect against  Staphylococcus aureus  
and may prolong the bleeding time. 

 The fourth and fi fth generations of cephalo-
sporins have so far limited use in ocular 
infections. 

 Teicoplanin (Targocid®, Sanofi  Aventis Ltd.) 
is a glycopeptide antibiotic similar to vancomy-
cin and is effective against Gram-positive cocci 
including methicillin-resistant staphylococci 
(MRSA) [ 18 ,  19 ]. The drug affects the cell wall 
synthesis of Gram-positive bacteria. Experience 
in ophthalmic infections is limited. Oral tei-
coplanin has been shown to be effective in the 
treatment of  Clostridium diffi cile -associated 
pseudomembranous colitis [ 20 ]. 

  Fumagillin  is used for the treatment of corneal 
microsporidiosis [ 21 ]. It is compounded as eye-
drops at a concentration level of 0.113 mg/ml 
(Leiter’s Pharmacy Inc., 1700 Park Ave #30, San 
Jose CA, USA, Telephone No.: 800-292-6773). It 
has also been shown to inhibit angiogenesis.   

2.4     Antibiotics That Inhibit Cell 
Membrane Function 

 Antibiotics that inhibit cell membrane function 
include polymyxin B, amphotericin B, colistin, 
imidazoles, and polyenes. Some of these antibi-
otics, such as amphotericin B and the polyenes, 
act against fungi and do not affect bacterial cell 
membranes. 

    Polyenes bind to ergosterol, a sterol moiety 
in the cell membrane of fungi. Ergosterol is 
not present in mammalian or bacterial cell 
membranes. 

 The imidazoles act against fungi but have 
different modes of action from the polyenes. 
Imidazoles act by inhibiting ergosterol synthesis 
leading to disruption of cell membrane function. 
In addition, imidazoles inhibit cytochrome C and 
peroxidase and allow the intracellular accumula-
tion of hydrogen peroxidase leading to death of 
the fungus. Since ergosterol is the binding site 
for amphotericin B, the use of imidazoles may 
render amphotericin B less effective by com-
peting ergosterol in the fungal cell membrane. 
Polymyxins bind to phosphatidylethanolamine-
rich membranes, particularly in Gram-negative 
organisms. They have a detergent-like effect 
which disrupts the cell membrane, eventually 
causing death of the organism. 

 Polymyxins are effective in treating infections 
caused by species of  Pseudomonas  as well as cer-
tain other Gram-negative organisms. Polymyxins 
cannot be given systemically because of nephro-
toxicity [ 22 – 26 ]. 

 Daptomycin is a new lipopeptide antibiotic 
used for the treatment of resistant Gram-positive 
organisms. It is produced by the fungus 
 Streptomyces roseosporus.  The trade name is 
Cubicin®. 

 It binds to the bacterial cell membrane leading 
to depolarization and loss of membrane function. 
Daptomycin may also act by inhibiting protein 
synthesis. 

 Daptomycin is effective against Gram-positive 
cocci and shows signifi cant corneal penetration 
following 1 % topical eyedrops in rabbits [ 27 ]. 
Daptomycin appears to be safe and effective 
when given intravitreally [ 28 ].  

2.5     Antibiotics That Inhibit 
Protein Synthesis 

 The third group of antibiotics consists of com-
pounds which inhibit protein synthesis and 
include chloramphenicol, tetracycline, lincomy-
cin, clindamycin, aminoglycosides, and macro-
lides. They are used extensively in ocular 
infections [ 22 ]. Binding to bacterial ribosomes by 
erythromycin leads to inhibition of protein syn-
thesis. Inhibition of protein synthesis is also 
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achieved when tetracyclines and aminoglyco-
sides bind to 30S portion of the bacterial 
 ribosome, while the chloramphenicols, lincomy-
cins, and erythromycin bind to the 50S portion of 
the bacterial ribosome. The selectivity is partial 
and these antibiotics may have some toxic effect 
on human cells. Topical chloramphenicol, is 
widely used to treat ocular surface infections. 
There have been several reports of fatal aplastic 
anemia  following topical administration of chlor-
amphenicol. The incidence of idiosyncracy to 
chloramphenicol is not high; nonetheless, if large 
numbers of patients are given topical chloram-
phenicol, cases of fatal aplastic anemia will occur. 

 In other situations, the use of certain antibiot-
ics is neither ideal nor appropriate. Approximately 
30 % of staphylococci isolated from ocular infec-
tions are resistant to erythromycin. Erythromycin 
cannot be considered the drug of choice for the 
treatment of infections caused by these organ-
isms. Fusidic acid is another antibiotic in this 
group and is helpful in the treatment of staphylo-
coccal blepharitis [ 29 ,  30 ]. 

 We recovered 163 staphylococcal isolates from 
ocular infection sites and assessed their sensitivity 
to different antibiotics [ 29 ]. Vancomycin was found 
to be the most effective antibiotic against all types 
of staphylococci, including  Staphylococcus epi-
dermidis  and  Staphylococcus aureus.  The results 
showed that while 95 % of strains of  S. epidermidis  
were sensitive to fusidic acid and 84 % were sensi-
tive to bacitracin, only 45 % were sensitive to meth-
icillin, 53 % to gentamicin, 56 % to erythromycin, 
and 33 % to chloramphenicol [ 29 ]. Unfortunately, 
resistant strains  of  staphylococci to fusidic acid 
started to appear. Currently, close to 52 % of ocu-
lar isolates of staphylococci are sensitive to fusidic 
acid. The topical use of antibiotics such as chlor-
amphenicol is less effective and carries risks of 
systemic adverse effects. Chloramphenicol is an 
antibiotic which is considered to have a very nar-
row spectrum, with many organisms resistant to it, 
and carries the risk of aplastic anemia. It is vital that 
chloramphenicol be prescribed only when abso-
lutely necessary, for example, treating strains of 
 Haemophilus  that are resistant to other antibiotics. 

 Vancomycin is a valuable antibiotic that 
should be used carefully. Wide or inappropriate 

use may lead to emergence of resistant strains. In 
addition, nephrotoxicity is likely to increase 
when systemic vancomycin is combined with 
gentamicin. 

 There is antagonism when tetracycline is used 
in combination with quinolone, erythromycin, 
and all the beta-lactam antibiotics. A beta-lactam 
antibiotic should not be used in combination with 
tetracyclines, erythromycin, or chlorampheni-
col; since the latter inhibit ribosomal function, 
they will interfere with the effects of beta-lactam 
antibiotics. 

 Azithromycin is a macrolide antibiotics 
belonging to the azalide group. It has been shown 
to be highly effective against chlamydial infec-
tions as well as against Gram-positive bacteria 
[ 31 – 33 ]. Azithromycin has a long elimination life 
reaching 68 h. Azithromycin has been found to be 
effective in the treatment of genital  Chlamydia . A 
single, 1-g dose is suffi cient to eradicate it. 
Azithromycin is also effective in the treatment of 
trachoma [ 34 ]. A 1-week course or repeated 
3-day courses of azithromycin are required in 
chronic active cases of trachoma. The drug has 
high intracellular concentration in the macro-
phages and polymorphonuclear cells. Following 
a single oral dose of azithromycin, the drug 
remains in the conjunctiva above the minimum 
inhibitory concentration (MIC) of  Chlamydia  for 
up to 2 weeks [ 31 ]. The drug is currently avail-
able as eyedrops at a concentration of 1.5 % as 
Azyter® (Laboratoires Theá, Clermont-Ferrand, 
France) and 1.0 % concentration as Azasite 
(Inspire Pharmaceuticals Inc, NC, USA). The tear 
concentration of topical azithromycin was stud-
ied following topical administration of a single 
dose of azithromycin 1.0 and 1.5 % in healthy 
volunteers [ 32 ]. This study was a prospective, 
randomized double-masked study. A total of 91 
healthy volunteers with normal tear functions 
were included. Twenty-three subjects received 
azithromycin 0.5 % eyedrops, 58  subjects 
received azithromycin 1.0 % eyedrops, and 38 
subjects received azithromycin 1.5 % eyedrops. 
Tears were collected from each subject at seven 
time points over a 24-h period using the Schirmer 
strips that were weighed before and after tear 
sampling. The tear samples were analyzed for 
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azithromycin by high-performance liquid chro-
matography mass spectrometry (HPLC-MS). The 
peak of azithromycin was noted 10 min after 
instillation and the mean concentration remained 
above 7 mg/l for 24 h. A late-onset increase in the 
tear concentration of azithromycin was noted at 
8–12 h and may be explained by the known 
azithromycin release from the tissues after stor-
age in the cells [ 31 ,  35 ,  36 ]. 

 In another study, Kuehne and coworkers [ 33 ] 
measured the concentration of azithromycin and 
clarithromycin in rabbit corneal tissue follow-
ing topical application of 2 mg/ml (0.2 %) of 
azithromycin and 10 mg/ml (0.1 %) of clarithro-
mycin. It was shown that topical azithromycin 
concentrations were higher in the corneal tissue 
than clarithromycin. Azithromycin is used for the 
treatment of chlamydial conjunctivitis, trachoma, 
keratitis due to  Mycobacterium chelonae , and 
chronic blepharitis [ 31 ,  36 – 38 ].Topical azithro-
mycin is used for the treatment of blepharitis 
[ 36 – 38 ]. Corneas exposed to desiccation showed 
signifi cant increase in the azithromycin tissue 
level compared to normal eyes following topical 
application of azithromycin 1.5 % eyedrops [ 39 ]. 
It appears that dryness may increase the tissue 
absorption of the cornea [ 39 ]. 

 Linezolid (Zyvox®) is a synthetic antibiotic, 
is a member of the oxazolidinones used for the 
treatment of serious infections caused by Gram- 
positive bacteria [ 40 ]. Linezolid inhibits protein 
synthesis and appears to work by disrupting 
the translation of messenger RNA into proteins 
in the ribosomes. Linezolid binds to 50S sub-
unit of the ribosome. It has been shown that 
linezolid is most active against Gram-positive 
bacteria including streptococci, vancomycin-
resistant-enterococci, and methicillin-resistant- 
 Staphylococcus aureus  (MRSA). The main 
indications of linezolid are infections of the skin 
and soft tissues and pneumonia. The drug is avail-
able in the United States and the United Kingdom 
under the name of Zyvox® and in European coun-
tries under the name of Zyvoxid®. On the other 
hand, in Canada and Mexico, the drug is known 
as Zyvixam®. Generics of these drugs are avail-
able in India under the name of Linospan by 
Cipla. 

 Linezolid is an oxazolidinone antibiotic which 
is a protein synthesis inhibitor. Resistance to line-
zolid by bacteria has remained low. Linezolid has 
proven to be safe and effective in infections due 
to susceptible organisms. The US Food and Drug 
Association approved linezolid in April 2000. It 
is considered a bacteriostatic agent, and the main 
indication of linezolid is the treatment of severe 
infections caused by Gram-positive bacteria that 
are resistant to other antibiotics. It has a narrow 
spectrum and, therefore, remains a reserved anti-
biotic for cases with severe infections due to 
resistant bacteria. Linezolid has been associated 
with  Clostridium diffi cile -associated diarrhea and 
pseudomembranous colitis. The long-term use of 
linezolid may lead to bone marrow suppression 
and thrombocytopenia.  

2.6     Antibiotics That Inhibit 
Nucleic Acid Synthesis 

 The fourth group of antibiotics, the quinolones, 
comprises antibiotics which inhibit nucleic acid 
synthesis [ 5 ,  41 – 66 ]. 

 Pyrimethamine interferes with the synthesis 
of the hydrofolate which is an important building 
block of bacterial DNA. The drug is used for the 
treatment of  Toxoplasma . Rifamycin interferes 
with nucleic acid synthesis by the inhibition of 
RNA-dependent DNA polymerase. Sulfonamides 
are synergistic with trimethoprim and, have been 
combined for systemic use. 

 Fluoroquinolones have a fl uorine substitu-
tion at position 6 of the quinolone molecule. 
Additional substitutions at position 1 and posi-
tion 7 markedly affect antimicrobial effi cacy 
as well as penetration. These alterations have 
substantially improved the antimicrobial effects 
against Gram-positive as well as Gram-negative 
organisms in addition to improving solubility in 
ophthalmic solutions. Norfl oxacin was the fi rst 
 fl uoroquinolone to be used topically for ocu-
lar infections. It has primarily Gram-negative 
activity, including antipseudomonal activity as 
well as limited Gram-positive activity. 

 The regulation of DNA supercoiling is essen-
tial to DNA transcription and replication. In 
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supercoiling, the DNA molecule coils up and 
shortens the molecule. The DNA helix must 
unwind to permit the proper function of the enzy-
matic machinery involved in these processes. 
Topoisomerases serve to maintain both the tran-
scription and replication of DNA. Type I and type 
II topoisomerases cut one strand or two strands of 
DNA, respectively. 

 The underlying mechanism of action is revers-
ible trapping of DNA gyrase (topoisomerase II) 
and topoisomerase IV-DNA complexes. Complex 
formation is followed by reversible inhibition of 
DNA synthesis. As fl uoroquinolone concentra-
tions increase, cell death occurs as double- 
stranded DNA breaks releasing trapped gyrase 
and/or topoisomerase IV complexes. In many 
Gram-negative bacteria, resistance arises primar-
ily from mutation of the gyrase A protein, while in 
some Gram-positive bacteria, primary resistance 
occurs via mutation in topoisomerase IV. In addi-
tion, effl ux pumps that actively pump antibiotics 
out of the bacteria confer multidrug resistance via 
these membrane-associated effl ux pumps. 
Gatifl oxacin and moxifl oxacin are more resistant 
to these effl ux pumps. This change additionally 
confers added anaerobic activity. Gram- negative 
organisms may also exhibit decreased levels of 
outer membrane proteins that facilitate diffusion 
into the bacterial cell of drug, thereby conferring 
additional resistance, which can work in concert 
with the effl ux pumps. These last two mechanisms 
confer a form of resistance and can be over-
whelmed by higher concentrations of drug [ 65 ]. 

 Fluoroquinolones include moxifl oxacin, gati-
fl oxacin, besifl oxacin, ciprofl oxacin, fl eroxacin, 
lomefl oxacin, norfl oxacin, ofl oxacin, perfl oxa-
cin, and temfl oxacin, all of which are C-7 
1-piperazinyl and C-7 fl uoro-substituted quino-
lones. The drugs are more potent than the origi-
nal nalidixic acid structure. Several quinolones 
are available in topical eyedrop form. These 
drugs have good in vitro actions against many 
Gram-negative and Gram-positive bacteria, while 
action against anaerobic bacteria remains poor. 
The mechanism of action of the quinolones is 
through inhibition of DNA gyrase. Lomefl oxacin 
is effective against most Gram- negative and 
Gram-positive organisms. Studies on  Chlamydia 

trachomatis  show that this organism is moder-
ately susceptible to lomefl oxacin. 

 These susceptibilities are in contrast to the 
aminoglycosides and β-lactam antibiotics which 
have activity against bacterial cells in the growth 
phase, whereas fl uoroquinolones are rapidly bac-
tericidal in vitro and in vivo in both growth phase 
and secondary phase of cell growth. 

 Studies carried out on the rabbit model have 
revealed that lomefl oxacin readily penetrates 
the cornea, iris, and ciliary body of the eye and 
reaches an appreciable concentration in the aque-
ous. Penetration occurs after both local and sys-
temic administration and penetration have been 
shown to be increased in the presence of melanin. 

 The fl uoroquinolones have two pKa values on 
each side of physiological pH with an isoelectric 
point at pH 7.4. Unionized fl uoroquinolones are 
considered to be very lipophilic, a factor that is 
thought to infl uence considerably the mechanism 
by which these compounds penetrate bacterial 
cell membranes. Fluoroquinolones are approxi-
mately 20–30 % protein bound. This value has 
been found to be independent of the drug con-
centration. Following oral administration of 
lomefl oxacin, 10 % of the drug is protein bound 
in the serum. Evidence from animal studies sug-
gests that lomefl oxacin is excreted unchanged by 
the kidney, although small concentrations of 5 
metabolites have been described. The most nota-
ble drug interaction occurring is the effect of fl uo-
roquinolones on the clearance of theophylline. 
Plasma concentrations of theophylline are raised 
by approximately 19 % during coadministration 
with perfl oxacin as compared to 111 % for enox-
acin and 23 % for ciprofl oxacin. Ofl oxacin and 
nalidixic acid do not increase the apparent plasma 
level of theophylline. The interaction is supposed 
to rise, not through the parent  fl uoroquinolone 
but through their 4-oxo metabolites. This inter-
action is produced through the effect on hepatic 
p450-related isoenzymes resulting in reduced 
capacity of  N -demethylation of theophylline. 
No oxo-metabolite is produced in the metabolic 
elimination of lomefl oxacin, and the drug is 
extensively excreted. Theophylline adjustment 
does not seem to be necessary in patients receiv-
ing concomitant lomefl oxacin. 
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 Quinolones are interesting in ophthalmology 
because several of them are available in topical 
forms. Levofl oxacin, lomefl oxacin, ciprofl oxa-
cin, ofl oxacin, norfl oxacin, moxifl oxacin, gati-
fl oxacin, besifl oxacin, and temefl oxacin are 
available for topical use. They are effective 
against Gram-negative organisms, and in topical 
form ciprofl oxacin has a useful role in the 
 treatment of bacterial keratitis caused by 
 Pseudomonas.  Certain fourth-generation quino-
lones, however, have limited effi cacy against 
Gram-positive cocci. 

 Quinolones are highly effective against Gram- 
negative organisms and have intermediate activ-
ity against staphylococci. They are effective 
against group B streptococci but not useful 
against group A streptococci,  Streptococcus 
pneumonia , and anaerobes. Clearly, these antibi-
otics have selective effects against microorgan-
isms, making them unsuitable for “blind shot 
blanket” therapy. In addition, systemic fl uoroqui-

nolones may cause cartilage erosion in children. 
They should not be used in children or pregnant 
women. As the case with tetracyclines, antacids 
may decrease absorption of oral quinolones. 

 The antibiotics of choice for common ocular 
pathogens are shown in Table  2.9 . The com-
pounding dosages for intravitreal injections of 
antimicrobial agents are shown in Table     2.10 . 
The antimicrobial therapy for tuberculosis 
(Table  2.11 ) and for ocular toxoplasmosis is also 
listed (Table  2.12 ).     

 Compliance with Ethical Requirements 
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   Table 2.9    Antibiotics of choice for common ocular pathogens   

 Pathogen  Antibiotic of fi rst choice  Alternative agents 

 Viridans group 
  S. pneumoniae   Penicillin G (with or 

without gentamicin) 
 Cefazolin, vancomycin 

 Penicillin G  Cefazolin, vancomycin 
 Gram-negative cocci 
  Neisseria 
gonorrhoeae  

 Ceftriaxone or cefi xime or 
ofl oxacin 

 Cefotaxime, spectinomycin, cefoxitin 

  N. meningitides   Penicillin G  Third-generation cephalosporin, chloramphenicol 
  Moraxella  
( Branhamella ) 
c atarrhalis  

 Trimethoprim-
sulfamethoxazole 

 Amoxicillin-clavulanic acid, erythromycin, clarithromycin, 
azithromycin, cefi xime, third- generation cephalosporin, 
tetracycline 

 Gram-positive bacilli 
  Clostridium 
perfringens  and 
 Clostridium  spp. 

 Penicillin G  Metronidazole, clindamycin, imipenem, meropenem, 
chloramphenicol 

  Listeria 
monocytogenes  

 Ampicillin with gentamicin  Trimethoprim-sulfamethoxazole (TMP-SMX) 

 Gram-negative bacilli 
  Acinetobacter   Imipenem or meropenem  Tobramycin, gentamicin, or amikacin, usually with (or similar 

agent); TMP-SMX*; a ciprofl oxacin 
  Enterobacter  
spp. 

 Imipenem or meropenem  An aminoglycoside and piperacillin or ticarcillin or mezlocillin; 
a third- generation cephalosporin; TMP-SMX* 
 Aztreonam 
 Ciprofl oxacin 

(continued)
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 Pathogen  Antibiotic of fi rst choice  Alternative agents 

  Escherichia coli   TMP-SMX* or 
ciprofl oxacin 

 A cephalosporin or a fl uoroquinolones 

  Haemophilus 
infl uenzae  

 Cefotaxime or ceftriaxone  Chloramphenicol ;  cefuroxime, gatifl oxacin, moxifl oxacin, 
azithromycin 

 Gram-negative bacilli 
  Klebsiella 
pneumoniae  

 Ceftriaxone or cefotaxime  Aminoglycoside, imipenem, or meropenem, TMP-SMX*, ticarcillin- 
clavulanic acid, ampicillin-sulbactam, piperacillin-tazobactam; 
aztreonam; a fl uoroquinolone; amoxicillin- clavulanic acid 

  Proteus  spp. 
 Indole positive  Cefotaxime, ceftizoxime, 

ceftriaxone of cefepime 
 Aminoglycoside; ticarcillin or piperacillin or mezlocillin; 
TMP- SMX*; amoxicillin-clavulanic acid; ticarcillin-clavulanic 
acid, ampicillin- sulbactam, piperacillin-tazobactam; 
a fl uoroquinolone; aztreonam; imipenem 

  Pseudomonas 
aeruginosa  

       Gentamicin or tobramycin 
or amikacin (combined with 
ticarcillin, piperacillin, etc., 
for serious infections) 

 Aminoglycoside and ceftazidime; imipenem or meropenem, or 
aztreonam plus an aminoglycoside; ciprofl oxacin; trovafl oxacin 

 Ciprofl oxacin, polymyxin B  Ticarcillin piperacillin, or ceftazidime; imipenem or meropenem; 
aztreonam, an aminoglycoside; cefepime 

 Gram-negative bacilli 
  Serratia   Cefotaxime, ceftizoxime, or 

ceftriaxone 
 Gentamicin or amikacin; imipenem; TMP-SMX*; ticarcillin, 
piperacillin, or mezlocillin, which can be combined with an 
aminoglycoside; aztreonam; afl uoroquinolones 

  Nocardia  spp.  TMP-SMX*  Tetracycline 
 Amikacin 
 Rifampin 

  Acanthamoeba   Propamidine (0.1 %)  Polyhexamethylene biguanide 
 Chlorhexidine (0.02 %) 
 Aminoglycoside 
 Voriconazole (1 %) 

  Microsporidia   Fumagillin 0.113 mg/ml  Ketaconazole 

 Voriconazole 1 %  Itraconazole 

 Fluconazole 2 mg/ml  Albendazole 

  * TMP-SMX  Trimethoprim-sulfamethazazole  

Table 2.9 (continued)

   Table 2.10    Intravitreal injections of antimicrobial agents   

 Acyclovir  2.4 mg/0.1 ml 
 Amikacin sulfate  0.4 mg/0.1 ml 
 Ampicillin sodium  5 mg 
 Cefazolin sodium  2,250 μgm 
 Ceftazidime  2.25 mg/0.1 ml 
 Ceftriaxone  2 mg/0.l ml 
 Clindamycin  1,000 μgm 
 Daptomycin  0.2 mg/.05 ml 
 Dexamethasone  0.4 mg/0.1 ml 

 Erythromycin  500 μgm 
 Foscarnet  2.4 mg/0.1 ml 
 Ganciclovir  0.2 mg/0.05 ml 
 Gentamicin sulfate  100–200 μgm 
 Tobramycin sulfate  100–200 μgm 
 Triamcinolone acetonide  4 mg/0.1 ml 
 Vancomycin hydrochloride  1 mg/0.1 ml 
 Voriconazole  0.2 mg/0.1 ml 

Table 2.10 (continued)
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3.1           Introduction 

 The term “orbital infections” refers to an invasive 
bacterial or nonbacterial infection of periorbital 
and orbital structures. Although less common 
since the advent of antibiotics, this ophthalmic 
infectious condition still accounts for 60 % of 
primary orbital disease processes. Orbital infec-
tion is usually due to adjacent paranasal sinusitis, 
but numerous other local or systemic conditions 
should be considered in the differential diagnosis 
(Table  3.1 ) [ 1 ]. All age groups may be affected, 
but the condition is more prevalent in children 
and young individuals [ 2 ,  3 ].

   Diagnosis and characterization of orbital 
infection as preseptal infection or postseptal 
infection (orbital cellulitis) are primarily based 
on clinical fi ndings, and imaging is very helpful 
in confi rming the diagnosis and evaluating the 
extension of the infectious process. Early diagno-
sis and prompt, proper management of orbital 
infection is essential to prevent sight-threatening, 
as well as life-threatening, complications.  

3.2    Pathophysiology 

 Orbital infections can develop by extension of 
infection from adjacent paranasal sinuses or 
upper respiratory infection, ocular and adnexal 
structures, direct inoculation as a result of trauma 
or surgery, or hematogenous spread in the set-
ting of bacteremia [ 4 – 7 ]. The pathophysiology 
of orbital infection is related to local anatomi-
cal structures, especially the orbital septum and 
the lamina papyracea. According to a classifi -
cation system proposed by Chandler in 1970 
(Fig.  3.1 ), the orbital septum delineates orbital 
infections into preseptal (type 1) and retroseptal 
(type 2) cellulitis [ 5 ,  8 ]. The lamina papyracea, 
which is the medial orbital wall, is the thinnest 
bone separating the orbit from the sinuses and 
has numerous natural dehiscences as well as 
being perforated by numerous vessels and nerves 
[ 9 ]. This may explain why sinusitis and upper 
respiratory tract infection are the most common 
causes of orbital infection and why the ethmoid 
sinus is the most frequent orbital infection source 
[ 2 ,  10 – 12 ]. Natural defects on the lamina papy-
racea also facilitate communication between the 
ethmoid air cells and the subperiosteal space 
on the medial wall of the orbit leading to sub-
periosteal abscess (type 3 cellulitis). Moreover, 
the lack of lymphatic channels promotes the 
spread of infection from superfi cial tissues into 
the orbit. Orbital veins lack valves, so passage 
of infectious processes in both anterograde and 
retrograde directions is possible. Following 
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progressive  preseptal or orbital cellulitis, the 
infl ammatory process may progress to abscess 
formation occurring inside or outside the muscle 
cone leading to an orbital abscess (type 4 cellu-
litis). Additionally, valveless orbital veins allow 
for the intracranial retrograde spread of infection 
to the cavernous sinus causing infectious cavern-
ous sinus thrombosis (CST) (type 5 cellulitis). 
Sources of orbital infections other than paranasal 
sinusitis and upper respiratory infection include 
orbital trauma, with or without foreign body, dac-
ryocystitis, ruptured dacryocele or dermoid cyst, 
dental infections, otitis media, endogenous endo-
phthalmitis, ophthalmic surgery, eyelid lesions 
(chalazia, hordeola), insect bites, and impetigo 
(Table  3.1 ) [ 2 ,  10 ,  13 – 22 ]. Risk factors for orbital 
infection include diabetic ketoacidosis, history of 
HIV or immunosuppressive therapy, hematologi-
cal malignancies, and renal transplant.

Orbital septum

Inflammation,
no pus

Inflammation,
pus/abscess

Type I
Pre-septal cellulitis: inflammation
does not extend beyond the
orbital septum

Type II
Post-septal/orbital cellulitis:
inflammation extends into the orbital
tissues, with no abscess formation

Type III
Subperiostal abscess: abscess
forms deep to the periosteum of
the orbit

Type IV
Orbital abscess: abscess forms
within the orbit, with breach of the
periosteum

Type V
Cavemous sinus thrombosis

  Fig. 3.1    Chandler classifi cation of orbital infections (Adapted from Buchanam et al. [ 8 ])       

    Table 3.1    Main causes of orbital infections   

 Etiologies of preseptal cellulitis 
   Infection of ocular adnexa:  conjunctivitis, chalazia, 

hordeola, blepharitis, dacryocystitis, trauma with or 
without foreign body, insect bites, skin face wound, 
dacryoadenitis, impetigo  

  Hematogenous spread 
  Acute ethmoid or maxillary sinusitis 
 Etiologies of retroseptal cellulitis 
  Acute sinusitis 
  Trauma with or without foreign body 
  Progression of preseptal cellulitis 
  Hematogenous spread 
   Ophthalmic surgery:  anterior segment surgery, eyelid 

surgery, strabismus surgery, peribulbar injection, 
orbital implants  

  Dental abscess 
  Otitis media 
  Endophthalmitis 
  Inhaled cocaine abuse 
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3.3       Symptoms and Signs 

 A patient with orbital infection usually presents 
with unilateral painful eyelid edema and ery-
thema (Figs.  3.2  and  3.3 ). There may be a history 
of acute sinusitis or upper respiratory tract infec-
tion. Past medical history signifi cant for HIV, 
diabetes, immunosuppression, steroid use, hema-
tological malignancies, or renal disease is impor-
tant to consider [ 23 ]. Early diagnosis and 
characterization of orbital cellulitis as preseptal 
or retroseptal infection are primarily based on 
clinical fi ndings, and this is of utmost importance 
for prompt initiation of appropriate therapy to 
prevent ocular and systemic morbidity.

    Patients with preseptal cellulitis (type1) will 
present with preserved visual function, without 
proptosis, and full ocular motility without painful 
movement, as the extent of infection is superfi cial 
and does not extend posteriorly into the orbit 
(Table  3.2 ). Preseptal cellulitis may extend poste-
riorly, owing to the valveless communication of 
the facial and ophthalmic veins to the cavernous 
sinus, to cause one of the retroseptal infections 
(types 2–5) [ 24 ,  25 ]. Retroseptal septal infection 
(orbital cellulitis) is characterized by the pres-
ence of orbital signs including chemosis, propto-
sis, resistance to retropulsion of the eye, and 
extraocular muscle motility disturbance, with 
the potential for severe vision loss and life- 
threatening complications [ 13 ,  26 ,  27 ].

   Search for abnormal vital signs (e.g., tachy-
cardia, hyperpyrexia) is recommended. However, 
normal temperature or vital signs should not rule 
out postseptal infection. Orbital cellulitis may or 
may not progress to a signifi cant subperiosteal 
abscess (Fig.  3.3b ), orbital abscess, or cavernous 
sinus thrombosis. When a fl uctuant mass is pal-
pable along the orbital rim with local tenderness, 
a subperiosteal abscess (type 3) should be con-
sidered. If a patient presents with decreased 
visual acuity, afferent pupillary defect, retinal 
venous dilatation, optic disk swelling, ptosis, 
severe directional proptosis, and ophthalmople-
gia, an orbital abscess (type 4) should be sus-
pected. Extension of orbital infection posteriorly 
into the cavernous sinus leads to cavernous sinus 
thrombosis (CST) (type 5). This serious compli-
cation is clinically characterized by headache, 
generalized sepsis, nausea, vomiting, high fever, 
periorbital edema, increasing proptosis, chemo-
sis, afferent pupillary defect, and paralysis of eye 
movements. Infectious CST may cause meningi-
tis with signs of meningeal irritation and loss of 
consciousness. 

 Orbital infections should be differentiated from 
nonspecifi c orbital infl ammation, which usually 
presents with eyelid swelling/mass, less ocular 
pain than orbital infection, and no identifi able 
associated local or systemic causes. Other diseases 
that may mimic orbital infections include thyroid 
ophthalmopathy, which is typically  bilateral and 

a b

  Fig. 3.2    ( a ) Photograph of a 38-year-old woman with 
1-week history of acute dacryocystitis shows left inferior 
eyelid edema and erythema. ( b ) Axial CT scan shows left 

eyelid swelling and extent of preseptal infl ammatory 
swelling in periorbital tissues consistent with preseptal 
cellulitis       
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painless; orbital myositis, which may produce 
mild vascular congestion and proptosis; rhabdo-
myosarcoma; and metastatic orbital tumor, espe-
cially from breast carcinoma. Magnetic resonance 
imaging (MRI) may be helpful in the differential 
diagnosis of orbital infection. 

 Vision loss in patients with orbital infection 
can occur due to corneal damage secondary to 
proptosis or neurotrophic keratitis, persistent 
raised intraocular pressure, central retinal artery 
occlusion, or septic, infl ammatory, or ischemic 
optic neuropathy [ 10 ,  28 ].  

3.4    Laboratory Tests 
and Imaging 

 Blood testing may show high white cell count, par-
ticularly in children with orbital cellulitis [ 29 ]. 
Blood cultures may be positive in children [ 30 ], but 
they are usually negative in adults [ 6 ,  10 ,  31 ]. 
Abscess    and sinus aspiration remain invasive surgi-
cal procedures and should be performed only in 
case of clinical worsening despite a broad- spectrum 
antibiotic therapy. Surgical specimens are more 
likely than swabbing nasal mucosa or conjunctiva 
to provide positive results [ 6 ,  10 ,  30 – 32 ]. 

 Orbital infections have been associated with 
a wide range of organisms.  Staphylococcus,  
followed by  Streptococcus species , are the most 
common pathogens, particularly in pediatric 
population, and methicillin-resistant  S. aureus  
accounts for more than 70 % of  S. aureus  iso-
lates [ 12 ,  32 – 34 ]. The incidence of  Haemophilus 
 infl uenza  has declined due to the wide use and 

  Fig. 3.3    ( a ) Photograph of an 8-year-old girl shows pal-
pebral swelling with erythema and mild proptosis. ( b ) 
Axial CT scan shows subperiosteal abscess (type 3 orbital 

infection,  red arrow ) adjacent to the medial rectus and 
ethmoid sinusitis       

   Table 3.2    Clinical signs of orbital infections   

 Type  Diagnosis  Clinical signs 

 I  Periorbital 
(preseptal) 
cellulitis 

 Upper eyelid swelling causing 
ptosis without extraocular or 
visual changes 

 II  Orbital 
(postseptal) 
cellulitis 

 Eyelid swelling, periorbital 
swelling, ptosis, proptosis, 
chemosis, limited or no 
impairment of extraocular 
movement 

 III  Subperiosteal 
abscess 

 Displacement of the globe 
downward and laterally, 
impairment of extraocular 
movement with diplopia, 
decreased VA (later fi nding), 
RAPD 

 IV  Orbital 
abscess 

 Severe proptosis, complete 
ophthalmoplegia, decreased VA 
that can progress to irreversible 
blindness, RAPD 

 V  Cavernous 
sinus 
thrombosis 

 Orbital pain, chemosis, 
proptosis, sepsis, 
ophthalmoplegia. Can progress 
to the other eye 

   VA  visual acuity,  RAPD  relative afferent pupillary defect  
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introduction of  Haemophilus infl uenza  type B 
vaccine [ 35 ]. Polymicrobial infections with 
aerobic and anaerobic bacteria are more com-
mon in patients aged 16 years or older [ 12 ,  32 , 
 36 ].  Escherichia coli ,  Enterobacter  species, 
 Actinobacter  species, and  Proteus mirabilis  can 
rarely be responsible for orbital infection sec-
ondary to hematogenous spread, especially in 
elderly or immunocompromised patients [ 10 , 
 16 ,  37 ]. Fungal infection (mucormycosis or 
 Aspergillosis  species) usually occurs in associ-
ation with diabetic ketoacidosis or immunosup-
pression, leading to a high  mortality rate [ 38 ]. 

 Cranio-orbital high-resolution contrast- 
enhanced computed tomography (CT) scanning 
remains the gold standard investigation in the 
diagnosis and management of orbital infections. 
It should be performed within 24 h in all patients 
with signs and symptoms suggestive of postsep-
tal infections. It is useful to classify the postsep-
tal infection according to Chandler classifi cation 
into type 2–5, and may recognize the origin of 
the sinus infection or a foreign body when it is 
present in a patient with a history of trauma 
[ 39 – 43 ]. 

 In patients with preseptal infections, CT imag-
ing should be performed in cases failing to 
improve following 48 h of IV antibiotic therapy. 
Axial contrast-enhanced CT scan shows lid 
swelling and extent of preseptal infl ammatory 
swelling in periorbital tissues (Fig.  3.2b ), and 
even preseptal abscesses. 

 Signs consistent with postseptal cellulitis 
revealed by axial contrast-enhanced CT scan 
include preseptal soft tissue thickening, propto-
sis, rectus muscle enlargement, soft tissue swell-
ing, and retrobulbar fat stranding. Intraorbital 
fl uid collection with displacement of the globe 
consistent with orbital abscess may also be 
observed. 

 CT images may provide diagnosis of sinusitis 
showing mucosal thickening of the paranasal 
sinuses. Both in children and in adults, there is a 
predilection for the anterior ethmoid and the 
maxillary sinus [ 9 ,  10 ,  44 ]. 

 Axial CT scan views should include low nar-
row cuts of the frontal lobes to rule out peridural 
and parenchymal brain abscess. However, MRI is 

superior to CT for the identifi cation of intracra-
nial involvement.  

3.5    Management 

 Patients with orbital infection should be managed 
promptly in close collaboration with otorhinolar-
yngologist and infectious disease specialist. 
Nearly all patients with preseptal cellulitis are 
managed with oral antibiotics, but they should as 
well be informed to maintain vigilance and go 
back for evaluation if there is evidence of clinical 
worsening. Most cases of postseptal cellulitis are 
managed with intravenous antibiotics [ 45 ]. 
However, hospital admission with intravenous 
antibiotics is recommended in patients with prese-
ptal cellulitis in the following situations: children 
less than 1 year of age, immunosuppressed 
patients, those who lack immunization against 
 H. infl uenzae , and those with severe systemic 
infection [ 9 ]. Given the origin of orbital infection, 
antibiotic selection is directed toward causative 
agents of upper respiratory infections and sinus-
itis, particularly  Staphylococcus  and  Streptococcus  
species [ 26 ,  31 ]. But the initial antibiotic regimen 
should be changed if the response is insuffi cient or 
if the cultures dictate otherwise. Consultation by 
an infectious disease specialist can be helpful in 
the selection of appropriate antimicrobial therapy. 
The most common antibiotic regimen includes 
cephalosporins or amoxicillin/clavulanic acid 
combined with other antibiotics. Depending on the 
source of infection, these antibiotics may include 
fl ucloxacillin, vancomycin, and/or fosfomycin [ 9 ]. 
The use of clindamycin is recommended in the 
presence of infections that involve the bone with 
osteomyelitis or those individuals who are allergic 
to cephalosporins or to penicillin. Metronidazole 
is used in orbital cellulitis to cover anaerobic bac-
teria [ 10 ]. In case of fungal infection, antifungal 
drug such as amphotericin B or voriconazole is 
required. Intravenous antimicrobial treatment in 
patients with orbital cellulitis is continued until 
there is apparent clinical improvement; after 
which, continued recovery should be assessed on 
oral antibiotics on an outpatient basis for addi-
tional 7–10 days. 
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 Corticosteroids may be helpful, but they 
should be initiated 2–3 days after appropriate 
antibiotics and if clinical improvement is noted. 
Nasal decongestants are recommended in those 
cases with acute sinusitis. Ocular antihyperten-
sive therapy should be promptly initiated in case 
of secondary glaucoma. Tetanus prophylaxis 
should be given according to standard protocol in 
cases of posttraumatic orbital cellulitis. 

 Surgical therapy should be considered in 
patients with type 3–5 postseptal cellulitis, 
 especially in the presence of a CT scan evidence 
of suppuration, associated visual loss, immu-
nosuppression, or disease progression despite 
antibiotic therapy [ 36 ,  46 ]. Surgical interven-
tion consists mostly with combined endoscopic 
sinus surgery with transnasal orbital abscess 
drainage [ 10 ]. Medial subperiosteal abscesses 
are usually drained endoscopically, whereas lat-
eral or intraconal abscesses require an open pro-
cedure [ 45 ]. Concomitant treatment of sinusitis 
needs to be continued if present. Finally, there 
is no foolproof method for the prevention of 
orbital infection, but appropriate treatment of 
conditions that may lead to this disease (e.g., 
sinusitis, dacryocystitis, dental disease) is the 
best way. 
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4.1            Introduction 

 The lacrimal apparatus consists of the lacrimal 
gland and the nasolacrimal drainage system. The 
accessory lacrimal glands include the glands of 
Krause and Wölfring; a mucinous layer is secreted 
by the conjunctival goblet cells and oily secretions 
by the meibomian glands. The lacrimal gland is 
oval in shape and has two portions: the palpebral 
portion and the orbital portion divided anteriorly in 
two by the lateral horn of the levator aponeurosis. 
For this reason, infl ammations of the lacrimal 
gland may lead to temporal ptosis. The palpebral 
portion of the lacrimal gland may be seen in the 
upper lid in the superior lateral conjunctival fornix. 
The lacrimal gland has pink-gray color with lobu-
lation which makes it different from the yellowish 
orbital fat. There are approximately 12–14 lacri-
mal ductules from each lacrimal gland that pro-
duce tears into the superior temporal conjunctival 
fornix. The tears enter the ocular surface and are 
secreted via the puncta through the lacrimal cana-
liculi where the two canaliculi join beneath the 

anterior crest of the medial canthal ligament to 
form a common  canaliculus before entering the 
lacrimal sac. The  common canaliculus opens in the 
lacrimal sac and is protected by mucosal fold that 
prevents the refl ux of tears into the conjunctiva. In 
patients with nasolacrimal duct obstruction, the 
lacrimal sac can swell because of the mucosal 
valve over the common canaliculus. The lacrimal 
sac is found in the bony fossa of the anterior medial 
orbital wall adjacent to the middle nasal bone of 
the nose. Anterior ethmoid cells may be found 
between the lacrimal sac and the nasal mucosa.  

4.2     Canaliculitis 

 Canaliculitis is a condition characterized by 
infection of the upper or lower canaliculus. It is 
associated with obstruction of the outfl ow of the 
lacrimal secretion, and patients develop epiph-
ora. The causes of canaliculitis include bacteria, 
fungi, viruses, and  Chlamydia  [ 1 – 5 ]. The most 
common cause of canaliculitis is  Actinomyces 
israelii  [ 6 ]. The diagnosis is commonly missed 
and is usually unilateral. Punctal plugs and 
stents may be complicated by bacterial or fungal 
canaliculitis [ 4 ,  7 – 9 ]. 

4.2.1     Clinical Findings 

 Patients with canaliculitis present with history of 
epiphora and unilateral mucopurulent conjunctivitis. 
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The clinical fi ndings consist of  swelling of the lid 
margin with erythema of the skin,  injection of the 
conjunctiva, and edema and pounding of the punc-
tum with thick tenacious mucopurulent exudates 
extruding from the punctum. The diagnosis is usu-
ally delayed because of the paucity of signs.  

4.2.2     Laboratory Diagnosis 

 The diagnosis of canaliculitis is made clinically. 
Excretion from the canaliculus can be done, and 
exudates are subjected to Gram stain, Giemsa 
stain, and cultures on blood agar, chocolate agar, 
and thioglycolate. Pressure should be applied 
over the canaliculus with cotton-tip swabs. In 
patients with canaliculitis, there is no distention 
or swelling of the lacrimal sac. The inner part of 
the eyelid may be tender, and pressure on the 
canaliculus may cause refl ux exudates to come 
through the punctum. It is believed that patients 
with canaliculitis have internal diverticula that 
allow anaerobic growth of  Actinomyces israelii . 
Gram and Giemsa stains help to identify the 
causative organism. Filamentous, non- branching 
Gram-positive organisms are found in infection 
caused by  Actinomyces  species. Irrigation may 
allow refl ux of cheesy excretions to come out, 
and this can be stained on slides for the diagnosis 
of  Actinomyces  species.  Candida  infection can be 
detected by demonstrating budding yeasts, and 
 Aspergillus  can be diagnosed by typical dichoto-
mous branching of the hyphae. Concomitant skin 
lesions are seen in patients with viral infections 
due to herpes simplex.  

4.2.3     Treatment 

 Patients with  Actinomyces  canaliculitis may be 
treated with punctal dilation and curretting of 
cheesy material and secretions from the canalicu-
lus. Patients usually have cheesy white concre-
tions. Diverticula may be found in the canaliculus. 
Canaliculotomy may be indicated. The probe may 
be used to express the cheesy material from the 
canaliculus and to remove the exudates following 
the curettage of the canaliculus. Antibiotics con-

sisting of ampicillin 100 mg/ml may be used to 
irrigate the canaliculus. Therapy of  Actinomyces  
canaliculitis require long term oral and topi-
cal antibiotics for a period of 3 to 6 months. 
Patients are treated with compounded penicillin 
G eye drops or ampicillin eye drops. Systemic 
oral therapy with ampicillin. Alternative drugs 
include doxycycline and azithromycin.  Candida  
canaliculitis and  Aspergillus  canaliculitis may be 
treated with voriconazole 2 % eye drops topically 
every 2 h and oral voriconazole (VFend ® ) 450 mg 
orally twice a day for a period of 2 weeks. In 
patients with active trachoma, canaliculitis may 
be treated with azithromycin 500 mg orally daily 
for a period of 6 days. Valacyclovir 500 mg orally 
twice daily may be given for herpetic canaliculi-
tis and dermatitis.   

4.3     Dacryocystitis 

 Dacryocystitis is an  infection of the nasolacrimal 
sac which can be acute or chronic. It is the most 
common infection of the lacrimal apparatus. The 
infection is usually preceded by obstruction of 
the nasolacrimal duct and may occur at any age. 
Persistent congenital obstruction of the nasolac-
rimal duct is due to chronic infl ammation of the 
ductal mucosa which may lead to scarring and 
fi brosis. Chlamydial infections of the lacrimal sac 
cause scarring of the mucosa and  obstruction of 
the nasolacrimal duct. Follicles may be seen in 
the mucus  membrane of the nasolacrimal duct 
in patients with active trachoma. Follicles may 
undergo necrosis leading of scarring and obstruc-
tion. Tumors and mucosal hypertrophy of the 
nasal mucosa may also lead to obstruction of the 
nasolacrimal duct. Stenosis following the nasolac-
rimal duct obstruction can lead to accumulation of 
tears, mucus secretions, and infl ammatory cells. 
The presence of lacrimal tubes (stents) may pre-
dispose to dacryocystitis. Infections may lead to 
mucocele or mucopyocele. The causes of acute 
dacryocystitis include  Streptococcus pneumoniae , 
 Haemophilus infl uenzae, Staphylococcus aureus, 
and Pseudomonas aeruginosa and Proteus  spe-
cies. In chronic dacryocystitis, mixed bacte-
rial isolates may occur and most commonly 
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 Streptococcus pneumoniae  and  Staphylococcus  
species.  Mycobacterium tuberculosis  is a rare 
cause of infection of the lacrimal sac [ 10 ]. Fungal 
infections of the nasolacrimal system are rare but 
may be caused by  Candida  species or  Aspergillus  
species.  Chlamydia trachomatis  may cause clini-
cal dacryocystitis leading to mucosal fi brosis and 
obstruction of the nasolacrimal duct. 

4.3.1     Clinical Findings 

 Acute dacryoadenitis occurs more commonly in 
adults than in children. The disease is character-
ized by an acute onset of swelling, redness, and 
pain over the area of the nasolacrimal sac. There 
is swelling and epiphora with discharge. On the 
other hand, chronic dacryocystitis may be asymp-
tomatic. Patients may complain of epiphora, but 
in patients with dry eye syndrome and tear defi -
ciency, epiphora may not be appreciated. In such 
patients, there is increased risk of bacterial cor-
neal ulcers especially due to  Streptococcus pneu-
moniae . Patients with chronic dacryocystitis 
should not undergo intraocular procedures until 
the dacryocystitis is resolved and dacryocystorhi-
nostomy (DCR) is performed. Pressure over the 
lacrimal sac may express mucus or purulent dis-
charge. Swelling of the valve over the common 
canaliculus (Rosenmüller’s valve) may lead to 
distention swelling of the lacrimal sac with severe 
pain over the lacrimal sac area. Percutaneous 
aspiration  of the lacrimal sac with needle may be 
indicated for relieving the pain and obtaining 
purulent discharge for Gram stain and culture. 

 Complications of bacterial dacryocystitis 
include facial cellulitis, lacrimal sac abscess and 
cutaneous fi stula. Mucocele and mucopyocele 
may precede the fi stulization. Dacryocystography   
is also helpful in the diagnosis of localized tumors 
or dacryolith. Acquired obstruction of the nasolac-
rimal duct may occur more frequently in females 
than males in the fi fth decade. Malignancy should 
be suspected in patients with blood-tinged tears. 

 Certain drugs such as docetaxel (Taxotere ® ) 
used for chemotherapy in cases of cancer of the 
breast may cause acquired nasolacrimal duct 
(NLD)  obstruction. Other causes of iatrogenic 

NLD obstruction include topical antiglaucoma 
eyedrops, radiation, and use of 5-Fluorouracil.  

4.3.2     Laboratory Diagnosis 

 Purulent discharge of pus is subjected to Gram 
stain and cultures on blood agar, chocolate agar, 
thioglycolate, and Sabouraud’s agar. 

 A computed tomography (CT) scan is done to 
assess the sinuses and to help in identifying 
causes of obstruction such as dacryocystitis, 
tumors, or bone defects. Nasal endoscopy should 
be done to assess the inferior turbinate and the 
opening of the nasolacrimal duct. In cases of 
tumors of the nasolacrimal sac, biopsy specimens 
should be obtained.  

4.3.3     Treatment 

4.3.3.1     Congenital Nasolacrimal Duct 
(NLD) Obstruction 

 In over 90 % of the cases with congenital nasolac-
rimal duct obstruction will become patent at 1 year 
of age. Conservative management includes lacri-
mal sac massage and topical antibiotics. A course 
of azithromycin (Azyter ® , Laboratoires Théa, 
Clermont-Ferrand, Cedex, France) 1.5 % eye drops 
twice daily for 3 weeks is given for infections 
caused by Gram-positive organisms, or tobramycin 
0.3 % eye drops for Gram-negative organisms. If 
the epiphora persists beyond 1 year of age, probing 
of the NLD may be indicated.  

4.3.3.2     Acute Dacryocystitis 
 The treatment of acute dacryocystitis in an adult 
depends on the causative agent. Initial empiric 
therapy with Augmentin ®  (amoxicillin-potassium- 
clavulanate) can be initiated and later guided by 
the results of the culture. Decompression of the 
nasolacrimal sac and aspiration of the pus may be 
done transcutaneously by a 22 g needle. Special 
care should be exercised to avoid the angular vein.  

4.3.3.3     Chronic Dacryocystitis 
 The infection of the nasolacrimal sac may be 
treated with systemic antibiotics. The defi nitive 
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therapy for chronic dacryocystitis with nasolac-
rimal duct obstruction is dacryocystorhinostomy 
(DCR). The procedure may be done transcutane-
ously or endoscopically through the nasal mucosa.  

4.3.3.4     Prophylaxis 
 Povidone-iodine 2.5 % eye drops may be given at 
birth. Prophylaxis for ophthalmic neonatorum con-
sists of AgNO 3  1 % or erythromycin ointment [ 11 ].    

4.4     Dacryoadenitis 

4.4.1     Clinical Findings 

 The lacrimal gland may be the target of insult 
brought by a variety of infectious and noninfec-
tious disorders [ 12 – 19 ]. Infectious causes of the 
lacrimal gland may be secondary to hematoge-
nous seeding of the gland or by microorganisms 
ascending through the ductules. Causes of infec-
tious dacryoadenitis include viruses, bacteria, 
fungi, and parasites. Table  4.1  shows the causes 
of infectious dacryoadenitis.

   Acute dacryoadenitis is an infection of the lac-
rimal gland characterized by pain, tenderness, 
and swelling of the lacrimal gland. The disease is 
usually unilateral associated with eyelid swell-
ing, ptosis, and erythema. The lacrimal gland pal-
pebral or orbital portion may be involved. Patients 
may have conjunctival injection and chemosis 
with watery mucoid discharge in patients with 
bacterial dacryoadenitis. On the other hand, 
patients with viral dacryoadenitis such as mumps 
have no discharge and are associated with swell-

ing of the parotid glands. The most commonly 
encountered organisms in bacterial dacryoadeni-
tis include  Staphylococcus  species,  Streptococcus  
species,  Haemophilus infl uenzae ,  and Neisseria 
gonorrhoeae . In patients with  N. gonorrhoeae , 
the purulent discharge is profuse. Localized 
abscess of the lacrimal gland may be seen. In 
cases of involvement of the orbital lobe of the 
lacrimal gland, there is slight proptosis with 
inferomedial displacement of the globe. Patients 
may have diplopia and compromised extraocular 
motility. Preauricular lymphadenopathy and 
facial cellulitis may occur. Patients may develop 
fever or malaise. In patients with dacryoadenitis 
caused by  Vaircella zoster virus , the skin lesions 
may show evidence of cutaneous vesicular erup-
tions along the lacrimal nerve, a branch of the 
fi rst division of the trigeminal nerve.  

4.4.2     Laboratory Diagnosis 

 Patients with dacryoadenitis should have imag-
ing of the orbit with computed tomography and 
diagnostic B-scan ultrasonography. The adjacent 
bony fossa is not affected in these cases. Magnetic 
resonance imaging (MRI) may be ordered. In 
infectious dacryoadenitis, efforts should be made 
to identify the etiologic agents. Cultures of the dis-
charge should be obtained. Complete blood count 
and differential and blood cultures may be taken. 
Laboratory confi rmation may not be necessary 
when typical systemic or cutaneous  fi ndings sug-
gest the diagnosis of mumps or herpes zoster oph-
thalmicus. Blood specimens for Epstein-Barr virus 
may be obtained in suspected cases of infectious 
mononucleosis dacryoadenitis. Care must be taken 
to rule out the possibility of other diseases such 
as benign mixed tumor or adenocarcinoma of the 
lacrimal gland. Chest x-ray or CT scan, interferon- 
gamma release assay (IGRA) and Purifi ed Protein 
Derivative (PPD) skin testing should be done. 
Serologic tests for syphilis should be performed. 
The differential diagnosis of dacryoadenitis should 
include noninfectious infl ammatory condition 
such as Sjögren’s syndrome, benign lymphoepi-
thelial lesions, sarcoidosis, amyloidosis, Graves’s 
disease, lymphoma, and leukemia.  

   Table 4.1    Causes of infectious dacryoadenitis   

 I.  Viruses  Mumps, measles, infl uenza, 
Epstein-Barr virus, herpes zoster, 
herpes simplex 

 II.  Bacteria  Staphylococci, streptococci, 
 Neisseria gonorrhoeae, 
Mycobacterium tuberculosis, 
Mycobacterium leprae, Treponema 
pallidum, Chlamydia trachomatis, 
Lymphogranuloma venereum  

 III.  Fungi  Phycomycetes 
 IV.  Parasites   Schistosoma haematobium , 

 Onchocerca volvulus  
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4.4.3     Treatment 

    Treatment of viral dacryoadenitis is symptom-
atic. In patients with herpes simplex or herpes 
zoster infections, the treatment of choice is oral 
valacyclovir 1 g twice daily for a period of 
1 week. In patients with bacterial dacryoadenitis, 
the organism should be identifi ed and cultured 
from the upper fornix or from draining abscess. 
Discharge should be taken and subjected to Gram 
stain and cultures. The sensitivity of the organism 
should guide the treatment. Empiric therapy may 
be started if  Neisseria gonorrhoeae  is suspected; 
Ceftriaxone 1 gm intramuscularly. daily for 5 
days should be given together with doxycycline 
100 mg orally twice a day. Alternative therapy 
includes azithromycin 500 mg orally daily for 2 
weeks.  Staphylococcus aureus  infections may be 
treated with  vancomycin,  Haemophilus 
 infl uenzae  may be treated with Ampicillin with 
clavunate or cefuroxime, and streptococcal 
 dacryoadenitis is treated with Augmentin or fi rst- 
generation cephalosporins. Chronic dacryoadeni-
tis caused by tuberculosis should be treated with 
antituberculous drugs including isoniazid, pyra-
zinamide, and rifampin (Chapter  2  Table   2.1    ). 
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5.1           Introduction 

 Eyelids protect the anterior surface of the globe 
from local injury. Additionally, they aid in regu-
lation of incident light reaching the eye and in 
tear fi lm maintenance [ 1 ]. Infections of the eye-
lids occur in case of disequilibrium between local 
defenses and aggressive factors [ 2 ,  3 ]. They rep-
resent a heterogeneous group of disorders having 
a cutaneous and ocular expression and may need 
close collaboration between an ophthalmologist 
and a dermatologist for optimal management.

5.2      Bacterial Infections 
of the Eyelids 

5.2.1    Hordeolum 

 Hordeolum is a common disorder of the eyelid 
due to an acute focal infection, usually staphylo-
coccal in origin, which involves either the glands 
of Zeis (external hordeola or styes) or, less fre-
quently, the meibomian glands (internal horde-
ola). It typically presents in the form of focal 
abscess manifesting as a painful, warm, swollen, 

red lump on the eyelid (Fig.  5.1 ). Bilateral 
involvement, as well as multiplicity of lesions, 
may occur. The main risk factors for developing 
hordeola include chronic blepharitis, meibomian 
gland dysfunction, ocular rosacea, and diabetes 
[ 4 – 6 ].

   The differential diagnosis of hordeolum 
includes acute chalazion, basal cell carcinoma, 
sebaceous gland carcinoma, and squamous cell 
carcinoma of the eyelid. 

 Hordeola usually have a self-limited course 
with a spontaneous rupture and drainage in 1–2 
weeks. An internal hordeolum may evolve into a 
chalazion. 

 Medical therapy for hordeola includes eyelid 
hygiene, warm compresses and massages of the 
lesions for 10 min four times per day, and topical 
antibiotic ointment in the inferior fornix if the 
lesion is draining or if there is an accompanying 
blepharoconjunctivitis [ 7 ,  8 ]. Systemic antibiot-
ics may be indicated if the hordeola is compli-
cated by preseptal cellulitis. Oral doxycycline 
may also be added if there is a history of multiple 
or recurrent lesions or if there is signifi cant and 
chronic meibomitis [ 9 ].  

5.2.2    Chalazion 

 Chalazia appear most commonly as chronic sub-
cutaneous nodules within the eyelid. A chalazion 
results from the obstruction of the meibomian 
gland leading to blockage of the gland’s duct at 
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the eyelid margin and then release of the contents 
of the gland into the surrounding eyelid soft tis-
sue [ 10 ,  11 ]. A chalazion arises as a mild to mod-
erately tender red swelling of the upper or lower 
eyelid (Fig.  5.2 ). At various locations and stages, 
multiple lesions may appear. Clinical onset of a 
chalazion occurs over days, with the redness and 
tenderness subsiding while the lump remains 
[ 10 ]. Patients usually present when the lump 
becomes symptomatic, either due to cosmetic 
reasons or if the chalazion is of a considerable 
size, because it is causing ptosis, astigmatism, 
and/ or vision loss [ 12 ].

   Patients with underlying conditions such as 
rosacea, seborrheic dermatitis or blepharitis, and 
diabetes are more prone to multiple and recurrent 
chalazia. 

 If left untreated, chalazia may spontaneously 
resolve over many months. Management includes 

warm compresses application with topical corti-
costeroids and antibiotic, if signs of infection are 
present. If the lesion persists in spite of medical 
therapy, it may be incised and drained [ 11 ]. 
Steroid injections can be applied either intrale-
sionally or subcutaneously and are considered to 
be a simple and effective treatment with reported 
success and resolution in 50–95 % of cases 
[ 12 – 17 ].  

5.2.3    Bacterial Blepharitis 

 Anterior bacterial blepharitis affecting the base 
of the eyelashes is often caused by staphylococ-
cal infection ( Staphylococcus epidermidis , 
 Staphylococcus aureus ). Other causative organ-
isms include  Propionibacterium acnes , 
 Corynebacteria , and  Moraxella . Blepharitis pre-
dominantly involves young to middle-aged 
women and is associated with keratoconjunctivi-
tis sicca in up to 50 % of patients [ 18 ]. There is a 
wide    variety of ocular symptoms including sore 
eyelids, eyes feeling irritated, itchy, burning, or 
gritty, red eyes, dry or watery eyes, increased fre-
quency of blinking, foreign body sensation, pho-
tophobia, contact lens intolerance, and eyelids 
sticking together, particularly in the morning 
[ 18 ]. Signs include    swollen eyelids, infl amed lid 
margins with redness, thickening, and collarettes 
surrounding the eyelashes (Fig.  5.3 ), scaling, 
crusting, irregularity, and/or ulceration of the lid 
margins, altered eyelash appearance, individual 

  Fig. 5.1    Hordeolum on the upper eyelid       

  Fig. 5.2    Chalazion on the lower eyelid       

  Fig. 5.3    Staphylococcal blepharitis with collarettes sur-
rounding the eyelashes       
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lash poliosis, and lashes broken, misdirected, or 
crusted with fi brinous or sebaceous matter, as 
well as secondary alterations to the conjunctiva 
and cornea. Hordeolum and multiple and recur-
rent chalazia may occur in the course of bacterial 
blepharitis [ 18 ]. Staphylococcal blepharitis may 
be also associated to seborrheic blepharitis.

   The clinical diagnosis of staphylococcal 
blepharitis may be confi rmed by culture, which 
usually reveals many  S. aureus  organisms on the 
lid margins. 

 A combination of lid hygiene with warm com-
presses, lid scrubs, and antibiotherapy is required. 
Erythromycin or bacitracin ointments and fusidic 
acid gel have been the most frequently used 
agents for blepharitis. Aminoglycosides such as 
gentamycin or tobramycin eyedrops or ointment 
are also useful but do not have the same broad 
coverage against gram-positive bacteria [ 18 ]. 
Topical vancomycin 50 mg/mL four times daily 
has been used to treat resistant  Staphylococcus  
[ 18 ]. Fluoroquinolones such as ciprofl oxacin 
ophthalmic solution 0.3 % and topical levofl oxa-
cin 0.5 % proved their effi cacy in the manage-
ment of bacterial blepharitis [ 18 – 20 ]. The 
fourth-generation fl uoroquinolones are also used 
for the treatment of bacterial blepharitis [ 21 ]. 
Corticosteroid- antibiotic combinations are also 
available in either ointment or eyedrop form [ 22 , 
 23 ]. Most experts recommend corticosteroids for 
short- term use only (less than 2 weeks) in an 
effort to “jump start” therapy for moderate-to-
severe anterior blepharitis or blepharoconjuncti-
vitis. One of the more recent additions to the 
management of blepharitis is topical azithromy-
cin [ 24 ,  25 ]. Prevention is based on careful clean-
ing of the eyelids which is the most effective way 
to prevent bacterial blepharitis and its 
recurrence.  

5.2.4    Erysipelas 

 Erysipelas is a bacterial skin infection most often 
caused by Group A  Streptococcus . Patients typi-
cally develop symptoms including high fever, 
shaking, chills, fatigue, headaches, vomiting, and 
general illness within 48 h of the initial infection. 

Eyelid involvement appears as erythematous 
swollen, warm, hardened, and painful skin lesion 
with sharply demarcated raised edge that enlarges 
rapidly. More severe infections can result in ves-
icles, bullae, and petechiae, with possible skin 
necrosis [ 26 ,  27 ]. Lymph nodes may be swollen, 
and lymphedema may occur. 

 Penicillin administered orally or intramuscu-
larly is suffi cient for most cases of classic erysip-
elas and should be given for 10–20 days. A 
fi rst- generation cephalosporin or macrolide, such 
as erythromycin or azithromycin, may be used if 
the patient has an allergy to penicillin [ 28 ].  

5.2.5    Impetigo 

 Impetigo of the eyelid is caused by     superinfection 
of skin disorder such as eczema, poison ivy, insect 
bites, and cuts or scrapes due to minor trauma by 
 Staphylococcus aureus  or  Streptococcus pyo-
genes . The infection is more common in children 
younger than 6 years of age [ 29 ,  30 ]. Impetigo 
contagiosa of the eyelid is usually associated 
with infection of the face. Impetigo begins as tiny 
blisters, which eventually burst and leave small 
wet patches of red skin that may weep fl uid. 
Gradually, a tan or yellowish- brown crust covers 
the affected area. 

 Cleansing of the affected area and local antibi-
otics ointments are generally effective. Systemic 
antibiotics are sometimes necessary.  

5.2.6    Preseptal Cellulitis 

 The term preseptal cellulitis refers to an infec-
tious process in the eyelids that is isolated to 
regions anterior to the orbital septum (Chap.   3    ).   

5.3    Other Bacterial Infections 
of the Eyelids 

5.3.1    Tuberculosis 

 The  Mycobacterium tuberculosis  can infect the 
eyelid as a primary infection or by spread of 
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lupus vulgaris from the face. Lupus vulgaris is 
characterized by reddish-brown nodules that 
blanch to an “apple-jelly” color when pressure is 
applied and may appear on the skin of the eye-
lids. Tuberculosis can also manifest as a “cold 
abscess,” a soft, fl uctuant mass without acute 
infl ammation, or simulate a chalazion [ 31 – 35 ]. 

 Diagnosis is based on epidemiological data, 
Mantoux test, and QuantiFERON and proved by 
histopathologic examination of lesion-exeresis 
biopsy showing granulomatous infl ammation 
with areas of caseation, Langhans giant cells, and 
acid-fast bacilli [ 36 ]. 

 Tuberculosis of the eyelid must be treated 
with the systemic antituberculous drugs isonia-
zid, pyrazinamide, and rifampin. Ethambutol or 
streptomycin may be added as a third drug if iso-
niazid resistance is suspected [ 31 ,  34 ].  

5.3.2    Leprosy 

 Leprosy is a chronic disease caused by the bacte-
ria  Mycobacterium leprae  and  Mycobacterium 
lepromatosis . Thinning or loss of the eyebrows or 
eyelashes associated with a multiple upper eyelid 
crease pattern and trichiasis is common in lep-
rosy [ 37 ]. Lagophthalmos or anesthetic, infi l-
trated macules or nodules can also be seen [ 38 ]. 

 A combination of systemic dapsone and 
rifampin is the therapy of choice. The lagophthal-
mos is treated by a tarsal-strip procedure or a tar-
sorrhaphy or by surgery [ 39 ,  40 ].  

5.3.3    Syphilis 

 Syphilis is a sexually transmitted disease, caused 
by the spirochete bacterium  Treponema pallidum . 
Eyelid involvement may occur by direct contact 
with an infected person. The chancre of primary 
acquired syphilis rarely occurs on the lid or lid mar-
gin. The skin of the eyelids can develop a macular 
or papular eruption in association with the general-
ized rash of secondary syphilis [ 41 ]. Pustules and 
ulcerative lesions can also occur, along with tem-
porary syphilitic alopecia of the eyebrows and 
lashes. The skin eruption spontaneously fades as 
the secondary stage ends. In rare cases, benign ter-

tiary syphilis involves the eyelid in the form of a 
gumma that begins as a deep swelling with mini-
mal surrounding infl ammation and eventually 
ulcerates to form exuberant granulation tissue. 
Congenital syphilis can involve the eyelid in the 
form of eruption, ulceration, or a gumma [ 42 ]. 
Temporary madarosis is also possible. 

 Penicillin G 12–24 million units per day for 
6–21 days remains the treatment of choice in 
syphilis [ 42 ].  

5.3.4    Anthrax 

 Anthrax is caused by  Bacillus anthracis . Humans 
become infected as they come into contact with 
infected animals or animal products. Eyelid 
involvement present as a localized itchy erythem-
atous papule of the eyelid that enlarges within 
24–48 h, developing into an ulcer surrounded by 
vesicles that evolves into black, necrotic, central 
eschar characteristic of the disease [ 43 ,  44 ]. 

 Treatment consists of ten million units of pen-
icillin G given intravenously each day for a 
period of 7 days [ 43 ,  44 ]. With treatment, pro-
gressive healing of the skin occurs with or with-
out complications that may include persistent 
cicatricial ectropion, lagophthalmos, palpebral 
symphysis, or restriction of upper eyelid 
movement.   

5.4    Viral Infections of the Eyelids 

5.4.1    Herpes Simplex Virus 
Blepharitis 

 Herpes simplex virus blepharitis is encountered 
primarily in children, although adults may also 
manifest this disorder. It usually presents in the 
form of small vesicles or pustules along the lid 
margin and/or periocular skin with associated 
regional lymphadenitis [ 45 ] (Fig.  5.4 ). Within the 
fi rst week of infection, the vesicles may ulcerate 
or harden into crusts, although they will ulti-
mately resolve without scarring [ 45 – 48 ].  

 The course of herpetic blepharitis is usually 
self- limiting within 2–3 weeks. The use of warm 
saline compresses with a topical drying agent is 
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usually suffi cient to palliate the patient. If the 
lesions are extensive, the concomitant use of top-
ical antibiotic ointment is considered prudent to 
prevent a secondary bacterial infection [ 45 ]. The 
use of antivirals is advocated by some practitio-
ners for severe cases.  

5.4.2    Herpes Zoster Ophthalmicus 

 Herpes zoster ophthalmicus (HZO) is character-
ized by reactivation of the varicella-zoster virus 
infection. Early in the course of disease, the eye-
lids may become hyperemic and edematous [ 49 –
 51 ]. HZO presents as an acute, painful, vesicular 
eruption distributed along a single dermatome. 
The rash evolves from an erythematous lesion, 
with macules, papules, vesicles, pustules, and 
crusts developing subsequently (Fig.  5.5a ).

   The affected dermatome often heals within 2 
weeks. As the infl ammation resolves, there may 
be residual ptosis, lid scarring, deep scalp pitting, 
entropion, ectropion, loss of normal pigmenta-
tion, lid necrosis, loss of eyelid mobility 
(Fig.  5.5b ), and lagophthalmos [ 52 ]. 

 HZO is treated with acyclovir (800 mg fi ve 
times daily for 7–10 days), valacyclovir (1 g three 
times daily for 7 days), or famciclovir (500 mg three 
times daily for 7 days). Palliative treatment of skin 
lesions with cool compresses and mechanical 

cleansing is useful [ 51 ]. Oral antiviral medica-
tion, if started within 72 h of the onset of the 
acute HZO rash, signifi cantly shortens the peri-
ods of acute pain, virus shedding, rash, acute and 
reduce the rate of late-onset anterior segment 
complications and severity of postherpetic neu-
ralgia [ 53 ].   

5.5    Other Viral Infections 
of the Eyelids 

5.5.1    Molluscum Contagiosum 

 Molluscum contagiosum infections are charac-
terized by elevated, round, waxy, pearly white, 
noninfl ammatory lesions with umbilicated cen-
ters [ 54 ,  55 ]. 

 Removal or expression of the nodule, allow-
ing permeation of blood into its substance, is 
curative.  

  Fig. 5.4    Herpes simplex infection in a young patient 
involving the superior and inferior eyelids, with erythema- 
vesiculous lesions       

a

b

  Fig. 5.5    ( a ) Acute herpes zoster ophthalmicus infection 
with eyelid edema and vesicles in a dermatomal pattern. 
( b ) Cicatricial changes of the upper eyelid margin in a 
patient with history of herpes zoster ophthalmicus 
infection       
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5.5.2    Kaposi’s Sarcoma 

 Kaposi’s sarcoma is a tumor caused by human 
herpesvirus 8 that usually occurs in patients with 
AIDS. Kaposi’s sarcoma of the eyelid appears as 
multiple purple to red nodules [ 54 ]. It can mimic 
a chalazion. 

 Therapeutic options include cryotherapy, sur-
gical excision, radiation, and/or chemotherapy.   

5.6    Fungal Infections 
of the Eyelids 

5.6.1    Candidiasis 

 Candidal infections of the eyelid, usually associ-
ated with candidal infections elsewhere in the 
body, typically occur in immunocompromised 
patients. It may present as small ulcers, vesicles, 
or pustules at the bases of the eyelashes [ 56 ,  57 ]. 
Small granulomas are often found on the lid 
margin. 

 Candidiasis may be treated with fl uconazole 
or itraconazole. Amphotericin B, voriconazole, 
or posaconazole are recommended in case of 
severe systemic-associated disease. Topical glu-
cocorticoids and broad-spectrum antibiotics 
should be discontinued.  

5.6.2    Eyelids Dermatophytosis 

 Dermatophytosis of the eyelids or tinea is an 
infection caused by a dermatophyte, which is 
most commonly of the  Trichophyton  genus. 
Tinea can affect the eyelid primarily or spread to 
the eyelid from other parts of the face. The early 
lesions begin as fl attened, reddish papules that 
spread peripherally while the central area heals. 
The fully developed lesion has a ring-like appear-
ance, with a reddish, scaly, sharply defi ned bor-
der and a central pinkish scaly area [ 58 ,  59 ]. Loss 
of the eyelashes is characteristic of these fungal 
infections, similar to the hair loss that occurs in 
kerions associated with tinea capitis [ 58 ]. 

 Diagnosis is established by microscopic 
examination of edge scrapings with a drop of 

potassium hydroxide preparation and/or culture 
positive for fungal elements [ 58 – 60 ]. 

 Treatment of eyelids dermatophytosis involves 
the use of topical imidazole preparations, includ-
ing ketoconazole, bifonazole, miconazole, econ-
azole, and clotrimazole. For cases that are 
widespread or recalcitrant to topical therapies, 
treatment with systemic antifungals including 
ketoconazole, itraconazole, or fl uconazole can be 
considered [ 59 ,  61 ,  62 ].  

5.6.3    Blastomycosis 

 Blastomycosis is caused by the dimorphic fun-
gus  Blastomyces dermatitidis . Blastomycosis 
of the eyelids is rare and occurs in approxi-
mately 25 % of patients with systemic blasto-
mycosis. Eyelid involvement is characterized 
by granulomatous ulcers with thick crusts and 
an underlying purplish color [ 63 – 66 ]. 
Blastomycosis of the eyelid may be mistaken 
for a chalazion, basal cell, or squamous cell 
carcinoma [ 64 ]. 

 Preferred therapy is itraconazole 200–400 
mg/day for 6 months. Amphotericin B is used in 
children, patients who are pregnant or immuno-
compromised, patients with more severe blasto-
mycosis or central nervous system blastomycosis, 
and patients who do not improve with oral azole 
therapy [ 64 ,  65 ,  67 ].  

5.6.4    Cryptococcosis 

 Cryptococcosis, caused by  Cryptococcus neo-
formans , arises in immunosuppressed patients 
and can affect the skin of the eyebrow, fore-
head, and eyelids. Eyelid manifestations 
include papules, nodules, infi ltrative plaques, 
pustules, ulcers, or subcutaneous abscesses 
[ 68 ,  69 ]. 

 In patients with localized lesions, treatment is 
based on fl uconazole 400 mg per os once/day for 
3–6 months. For more severe disease, ampho-
tericin B 0.5–1.0 mg/kg IV once/day with 
 fl ucytosine 25 mg/kg per os q 6 h is given for 
several weeks.   
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5.7    Parasitic Infections 
of the Eyelids 

5.7.1    Onchocerciasis 

 Onchocerciasis, also named river blindness or 
Robles disease, is a parasitic disease caused 
by the microfi lariae  Onchocerca volvulus . 
Onchocerciasis is endemic in many areas of sub- 
Saharan Africa and in isolated foci in Central 
and South America [ 70 ,  71 ]. Eyelids onchocer-
ciasis is characterized by eyelid edema in the 
early phase of the infection. Later, severe pruritic 
dermatitis and intense photophobia can occur, 
followed by the development of subcutaneous 
nodules that occasionally involve the eyelid, 
especially in patients from Central and South 
America. Diagnosis of onchocerciasis is done by 
identifi cation of worms from skin or subcutane-
ous nodules obtained by biopsy. 

 Treatment consists of ivermectin medical ther-
apy given in a single oral dose of 150 μg/kg [ 72 ].  

5.7.2    Leishmaniasis 

 Mucocutaneous leishmaniasis is caused by 
 Leishmania braziliensis  and  Leishmania mexi-
cana . The microorganism is transmitted by the 
bite of infected phlebotomine sand fl ies. Eyelid 
involvement presents as highly polymorphous 
lesions, such as swelling lesions, papules, 
plaques, nodules, and sometimes ulcerative or 
covered by crusts and scaling, erosions, ulcers, 
and blepharoconjunctivitis [ 73 – 77 ]. Ocular com-
plications include palpebral scar, trichiasis, eye-
lash loss, lagophthalmos, epicanthus, trichiasis, 
and ectropion. If eyelid lesions remain untreated, 
the contiguous spread from the skin of the eyelid 
will extend to involve the conjunctiva, sclera, and 
even cornea, causing interstitial keratitis. 
Leishmania infection may simulate other condi-
tions such as cysts, chalazion, dacryocystitis, 
tuberculosis, syphilis, sarcoidosis, and tumors 
[ 78 ,  79 ]. Diagnosis is primarily based on epide-
miological data, history, and clinical fi ndings. 
It can be confi rmed by a positive leishmanin skin 
test, identifi cation of the parasite by histopatho-

logic sections, culture in NNN (Novy, McNeal, 
and Nicolle) medium, or by detection of the para-
site DNA [ 73 ]. 

 Pentavalent antimonial compounds such as 
Glucantime or sodium stibogluconate are the 
therapy of choice. The recommended dose is 
20 mg/kg/day for at least 3 weeks [ 80 ].  

5.7.3    Demodicidosis 

 Demodicidosis of the eyelids is caused by 
 Demodex folliculorum,  found in the eyelash fol-
licle or  Demodex brevis  that burrows deep in 
sebaceous and meibomian glands [ 81 ]. Demodex 
is spread by direct contact and probably by dust 
containing eggs. Infection of Demodex often 
occurs in the course of chronic blepharitis, con-
sidered to be involved in its pathogenesis 
[ 82 – 84 ]. 

 Lashes with cylindrical dandruff are pathog-
nomonic for ocular demodex infestation [ 85 ]. 
Demodex has also been associated with intermit-
tent trichiasis and meibomian gland dysfunction. 

 Diagnosis is based on identifi cation and 
count of eyelashes with cylindrical dandruff 
using the light microscope [ 85 ,  86 ]. Fluorescein 
0.25 % drops can improve the visibility of the 
mites [ 86 ]. 

 A wide range of antiseptic solutions such as 
salicylic acid, topical 1 % mercury oxide oint-
ment, selenium sulfi de, metronidazole, crotami-
ton, lindane, tea tree oil, and ivermectin (single 
dose of 200 μg/kg) with or without associated 
topical permethrin [ 87 ] were used to control and 
eradicate  D. folliculorum  and its cysts. Weekly 
lid scrub with 50 % tea tree oil and daily lid scrub 
with tea tree shampoo is effective in eradicating 
ocular Demodex [ 88 – 90 ].  

5.7.4    Myiasis 

 External myiasis occurs when the eyelids and 
conjunctiva are infested by fl y larvae. External 
myiasis is associated most frequently with larvae 
of the  Oestrus ovis ,  Dermatobia hominis , 
 Hypoderma bovis , and  Calliphoridae . Myiasis of 
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the eyelid had also been reported due to  Cuterebra  
and  Dermatobia hominis ,  Cordylobia anthro-
pophaga,  and  Cordylobia rhodaini  [ 91 ,  92 ]. 

 Eyelid myiasis presents as furuncle-like 
lesions draining serosanguineous fl uid and unre-
sponsive to antibiotics [ 91 – 94 ]. It may also pres-
ent with movable mass and a draining fi stula that 
intermittently produces yellowish discharge [ 95 ]. 
Diagnosis and estimation of the number of para-
sites in the lesion can be made with Doppler 
ultrasound [ 96 ]. 

 Treatment modalities include asphyxiation of 
the larvae with paraffi n or petroleum jelly, or 
plasters or injecting a local anesthetic under the 
larva itself leading to its extrude through the skin 
[ 95 ,  97 ]. Adjuvant oral ivermectin (single oral 
dose of ivermectin 200 μg/kg) has also been used 
successfully [ 98 ]. Surgical removal of larva may 
be performed; the larva should be totally 
removed, as its rupture can lead to a severe 
infl ammatory response [ 99 ].  

5.7.5    Phthiriasis Pubis Blepharitis 

 Phthiriasis palpebrarum is a rare eyelid infesta-
tion caused by  Phthirus pubis  which is trans-
ferred by hand contact from the genital area to 
the eye [ 100 ,  101 ]. The organism produces itch-
ing and erythema of the lid margin [ 102 ]. Nits, 
which are transparent, oval, and cemented to the 
eyelashes, are characteristically found. The adult 
organism is gray and is often overlooked because 
of its transparency. Phthiriasis palpebrarum may 
be a rare cause of blepharoconjunctivitis with 
marked conjunctival infl ammation, preauricular 
lymphadenopathy, and secondary infection at the 
site of lice bite [ 103 ]. 

 Phthiriasis palpebrarum is often confused 
with seborrheic blepharitis or lid eczema [ 102 ]. 

 Most commonly    used management options 
for phthiriasis palpebrarum include mechanical 
removal, cryotherapy, argon laser photocoagula-
tion, fl uorescein eyedrops 20 %, physostigmine 
0.25 %, lindane 1 %, petroleum gel, yellow mer-
curic oxide ointment 1 %, malathion drops 1 % or 
malathion shampoo 1 % or pilocarpine gel 4 %, 
and oral ivermectin    [ 101 ,  104 – 106 ]. 
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6.1           Introduction 

 Many types of organisms including bacteria, 
viruses, fungi and parasites cause infectious 
conjunctivitis in man. Unlike the cornea, where 
most infections except viral infections require 
disruption of the integrity of the anatomic sur-
face, the conjunctiva may be invaded by a variety 
of infectious agents without trauma. The majority 
of infections of the conjunctiva are self-limited 
while other types of infections require antibiotic 
therapy to prevent local or systemic complica-
tions.The conjunctiva has defense mechanisms 
and is protected from the environmental noxious 
agents. The integrity of the conjunctival epithe-
lium, the toll-like receptors, the substantia propia 
with its lymphoid tissue, the continuous blink-
ing and the constituents of tears help to protect 
the conjunctiva from invasion by organisms. 
The tears are important defense mechanisms, 
and contain antimicrobial constituents, betaly-
sine, lysozyme, lactoferrin, immunoglobulins. In 

addition, the fl ushing action of tears can remove 
free organisms from the surface of the conjunc-
tiva. Macrophages and lymphocytes reside in the 
substantia propia of the conjunctiva. Goblet cells 
produce mucin in the tear fi lm and the mucus can 
serve as a barrier to bacterial adhesions to the 
epithelium of the conjunctiva and can trap organ-
isms. Furthermore, the temperature of the con-
junctiva is less than the body temperature and this 
discourages the growth of some organisms. Dry 
eye syndrome and mechanical trauma may cause 
disruption of the anatomic integrity of the epithe-
lium rendering the conjunctiva more susceptible 
to infectious agents. The topical use and abuse of 
topical corticosteroids may predispose to ocular 
surface infections. 

 Toll-like receptors (TLRs) are found on the 
surface of the conjunctiva and serve as innate 
nonspecifi c defense against infections. Several 
TLRs play a key role in innate immunity in man. 
The TLRs resemble receptors that were fi rst 
identifi ed in the  Drosophila  and play an essential 
role in the immunity of the fl y. TLRs recognize 
molecules derived from pathogens after breach-
ing the epithelial surface of the conjunctiva. The 
most important TLR is TLR-4. 

 Lipopolysaccharides of Streptococci have the 
ability to abolish the function of the TLR-4. 
TLRs are activated by lipopolysaccharides of 
bacteria and by DNA of viruses. Other molecules 
that can inactivate TLRs include fl agellin, 
 lipopeptides, and lipoproteins. The TLRs have 
the ability to activate antigen-presenting cells, 
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such as Langerhans cells, T cells, and macro-
phages, and can bind to interleukin-1 (IL-1). 

 Infectious conjunctivitis is classifi ed according 
to the causative agents and this include: bacteria, 
viruses, chlamydia, fungi and parasites [ 1 – 6 ].  

6.2    Bacterial Conjunctivitis 

6.2.1    Hyperacute  Neisseria  
Conjunctivitis 

 Infectious conjunctivitis can be classifi ed clini-
cally into three forms: Hyperacute conjunctivitis, 
acute conjunctivitis, and chronic conjunctivitis. 
Hyperacute conjunctivitis is a rapidly progres-
sive infection of the conjunctiva characterized by 
swelling of the eyelid, conjunctival hyperemia, 
and profuse purulent discharge with chemosis. 
The onset of symptoms is abrupt in one or both 
eyes. The most common cause of this type of con-
junctivitis is  Neisseria gonorrhoeae  or  Neisseria 
meningitidis . This form of conjunctivitis may 
be associated with preauricular lymph node. 
Membrane or pseudomembrane may be present. 
Peripheral corneal infi ltrates, ulceration and thin-
ning may lead to perforation in a few days. 

  Neisseria gonorrhoeae  in adults is a sexually 
transmitted disease and may cause of ophthalmia 
neonatorum. On the other hand,  Neisseria menin-
gitidis  may occur in children and adults. Both 
infections are serious and require rapid interven-
tion with systemic treatment. In cases of  Neisseria 
meningitidis , the ocular infection may lead to 
meningitis. Systemic infections occur in 10 % of 
the cases. 

 The differential diagnosis of hyperacture con-
junctiviotis included viruses such as Herpes virus 
and Adenovirus.  

6.2.2    Laboratory Investigations 

 In cases of purulent conjunctivitis, there is urgent 
need to obtain conjunctival swab and scrapings for 
cultures and stains. Conjunctival swabs are placed 
on blood agar and Thayer-Martin medium. The 
culture should be incubated in a 5–10 %  carbon 

dioxide atmosphere.  Neisseria  is fastidious and 
dies quickly at room temperature. Fermentation 
test can be done to differentiate  Neisseria gonor-
rhoea e from  Neisseria meningitidis. Neisseria 
gonorrhoeae  ferments glucose, while  Neisseria 
meningitidis  can ferment both glucose and malt-
ose but not lactose. Antibiotic sensitivities should 
be determined. Conjunctival scrapings are stained 
with Gram and Giemsa stain. Typical intracyto-
plasmic Gram negative diplococcic may be seen 
in the polymorphonuclear cells.  

6.2.3    Treatment 

 The treatment of  Neisseria  conjunctivitis should 
be considered an ophthalmic emergency. Patients 
should be admitted to the hospital and started on 
aggressive topical and systemic therapy. Topical 
treatment consists of irrigation of the eye with 
saline every 2 h during the day. Topical antibiot-
ics in the form of azithromycin 0.15 % eyedrops 
(Azyter ® , Laboratoires Théa, Clermont-Ferrand, 
Cedex, France) are instilled every 2 h or topical 
moxifl oxacin 0.5 % eyedrops every 1 h. In adult 
form of  Neisseria gonorrhoeae  conjunctivitis, 
the patient and the sexual consent should be 
treated. The combination of therapy consists of 
doxycycline 100 mg orally twice daily may be 
given for 2 weeks and ceftriaxone 1 g intramus-
cularly or intravenously daily for 5 days. In neo-
nates, cefotaxime 25 mg/kg every 12 h for 7 days 
should be given together with topical azithromy-
cin eyedrops and erythromycin ointment with 
copious irrigation of the discharge. Adult patients 
with gonococcal conjunctivitis are at high risk of 
concomitant chlamydial genital infection and 
should therefore be treated with either doxycy-
cline or azithromycin.  Neisseria meningitidis  
infections may be prevented by vaccination.   

6.3    Acute Bacterial 
Conjunctivitis 

 Acute bacterial conjunctivitis is common 
in children and adults. The most frequently 
encountered bacteria in acute bacterial conjuncti-
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vitis are  haemophilus infl uenzae ,  Alpha-hemolytic 
Streptococci ,  Staphylococcus aureus , and 
 Streptococcus pneumoniae.  Other organisms such 
as  Proteus ,  Pseudomonas ,  Moraxella ,  Shigella , 
 Klebsiella ,  and Listeria monocytogenes  have been 
isolated from cases with acute conjunctivitis. 

6.3.1    Clinical Findings 

 The onset of acute bacterial conjunctivitis is sud-
den. Patients complain of irritation, foreign-body 
sensation, itching, soreness, and sticky lids in the 
morning. Morning discharge with transient blur-
ring of vision may occur. The symptoms may 
be unilateral or bilateral. Membranes and pseu-
domembranes are uncommon in bacterial infec-
tions except in patients with Streptococcal or 
diphterial infections. The discharge is purulent or 
mucopurulent. Biomicroscopy reveals lid swell-
ing with conjunctival hyperemia with discharge 
in the lower fornix and outer canthi. The cornea 
may be involved by peripheral corneal infi ltrates 
or corneal ulcers. In general, acute bacterial con-
junctivitis has a self-limited course, but treatment 
with topical antibiotics is essential to prevent 
complications specifi cally in patients with a com-
promised ocular surface such as patients with dry 
eye syndrome. Patients with  Listeria conjunctivi-
tis  should be treated topically and systemically to 
prevent intraocular and systemic spread. Listerial 
keratoconjunctivitis may be complicated by 
endophthalmitis [ 7 ].  

6.3.2    Laboratory Diagnosis 

 Conjunctival scrapings are obtained for stains and 
cultures. Standard laboratory procedures include 
obtaining two conjunctival scrapings placed onto 
clean slides. Conjunctival swabs are placed on 
blood agar, chocolate agar, and thioglycolate. The 
slides are stained with Gram and Giemsa stains. 
Gram stain may show polymorphonuclear cells 
and organisms, either Gram- negative or Gram-
positive organisms. Giemsa stain may reveal the 
organisms as well as polymorphonuclear cells.  

6.3.3    Gram Stain 

 Intracellular diplococci organisms may be seen 
in the stained slides of patients with  Neisseria  
infections, and Gram-negative rods with epithe-
lial parasitism may be seen in patient s with 
Haemophilus  spp. infection.  

6.3.4    Treatment 

 Empiric topical treatment with antibiotics should 
be rendered to patients with acute conjunctivitis. 
A fourth-generation fl uoroquinolone such as 
moxifl oxacin 0.5 %, gatifl oxacin 0.3 % eyedrops, 
or besifl oxacin 0.6 % ophthalmic suspension 
may be given every 2 h on the fi rst day followed 
by one drop every 6 h for a period of 1 week. 
Recent studies [ 1 ] have shown that besifl oxacin 
0.6 % is as effective as moxifl oxacin ophthalmic 
solution 0.5 % in the treatment of bacterial con-
junctivitis and can be given for 5 days. In cases of 
streptococcal infections, it is recommended to 
use topical azithromycin 0.15 % eyedrops 
(Azyter ® , Laboratoires Théa, Clermont-Ferrand, 
Cedex, France) are instilled every 2 h for 1 day 
followed by twice daily for 5 days. 

 Children with acute conjunctivitis may some-
times develop otitis media . Haemophilus infl uenzae  
is the most common organism responsible for this 
syndrome and least commonly  Streptococcus pneu-
moniae . In children, otitis media and conjunctivitis 
should be treated with systemic antibiotics.  Listeria 
monocytogenes  conjunctivitis should be treated 
with topical and systemic antibiotics [ 7 ].   

6.4    Trachoma 

 Trachoma is a common cause of preventable 
blindness. The prevalence of active trachoma has 
decreased over the past two decades worldwide. 
The disease is caused by  Chlamydia tracho-
matis  serovars A, B, Ba, and C.  C. trachomatis  
causes disease in humans only, and man is the 
only natural reservoir of this organism. In gen-
eral, active trachoma is seen in communities with 
poor hygiene and inadequate sanitation. The 
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transmission of trachoma is favored by the use 
of  common fomites to wipe the face and the use 
of common bedding and person to person con-
tact as well as the presence of fl ies which play 
a role in the eye to eye transmission. Trachoma 
causes chronic infection with infl ammation lead-
ing to conjunctival cicatrization and corneal scar-
ring. The subconjunctival cicatrization leads to 
entropion and trichiasis. The eyelashes disrupt 
the anatomic integrity of the corneal epithelium 
predisposing to corneal ulceration. 

6.4.1    Clinical Findings 

 The principal diagnostic clinical criteria of tra-
choma include the presence of pannus, conjunctival 
follicles, conjunctival cicatrization, and limbal 
Herbert’s pits. The clinical diagnosis of trachoma is 
made when two of the four criteria are present. The 
diagnosis of active trachoma is made when there is 
conjunctival edema and follicular reactions. The 
follicles may be pinhead and small and sometimes 
become large and necrotic. The corneal signs of tra-
choma include limbal follicles, Herbert’s pits, and 
subepithelial keratitis with corneal vascularization. 
Fine epithelial punctate keratitis is seen, and occa-
sionally a trachomatous peripheral corneal infi ltra-
tion may form next to the superior pannus. This is 
referred to as trachomatous pustule. Several grad-
ing systems have been proposed. The grading of the 
intensity of trachoma helps in fi eld surveys and was 
developed by the World Health Organization 
(WHO) Expert Committee on Trachoma [ 2 ]. The 
presence of limbal or conjunctival follicles suggests 
activity of the disease, but sometimes the follicles 
may be hidden by conjunctival edema.  

6.4.2    Complications of Trachoma 

 Trachoma is a smoldering insidious infl ammatory 
disease of the ocular surface that progresses over 
many years resulting in healing. Healing is asso-
ciated with cicatrization of the conjunctiva which 
may eventuate in entropion with keratinization of 
the eyelid mucocutaneous junction and obstruction 
of the meibomian gland  orifi ces. The entropion 

may lead to trichiasis, and eyelashes rub against 
the ocular surface. Conjunctival scarring may also 
cause shrinkage of the conjunctiva, symblepha-
ron, and obliteration of the fornices. Scarring 
may lead to damage to the glands of Krause and 
Wölfring and sometimes cause  obstruction of the 
lacrimal ductules leading to dry eye syndrome. 
Keratinization of the conjunctiva may occur with 
loss of the goblet cell population. Concretions 
may form due to subconjunctival epithelial entrap-
ment. The lacrimal passages may be involved with 
submucosal lymphoid follicular reaction leading 
to necrosis, scarring, and obstruction of the naso-
lacrimal duct and canaliculi. Secondary bacterial 
infection is common in patients with trachoma. 
Obstruction of the nasal lacrimal duct may lead to 
subclinical chronic dacryocystitis commonly due 
to  Streptococcus pneumoniae  which may cause 
purulent conjunctivitis and keratitis in patients 
with trachoma. A number of conditions may be 
considered in the differential diagnosis of active 
trachoma including other causes of chronic follic-
ular conjunctivitis such as viral conjunctivitis, the 
use of topical medications, molluscum contagio-
sum of the lid margin,  Moraxella  species, and ocu-
loglandular disease caused by  Bartonella  species.  

6.4.3    Treatment 

 The therapeutic regimen for active trachoma con-
sists of a single-dose azithromycin 1,000 mg or 
azithromycin 500 mg orally daily for 3 days to be 
repeated in 1 week for adults. In cases of chil-
dren, azithromycin suspension may be given 
20 mg/kg/day for 3 days. Children may be treated 
with systemic therapy of erythromycin 40 mg/kg/
day for 3 weeks. Alternative therapy consists of 
tetracycline 1 % ointment or erythromycin oint-
ment 5 mg/g twice daily for 6–8 weeks. 

 In mass treatment campaigns, tetracycline 
1 % ophthalmic ointment may be given twice 
daily for the fi rst 5 days of each month for 6 
months. Alternative therapy consists of doxycy-
cline 100 mg orally twice daily for 3 weeks for 
adults. Oral tetracycline is not given in children. 

 Entropion and trichiasis should be treated sur-
gically to prevent secondary infections of the 
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ocular surface. Concretions may be removed 
with a needle under biomicroscopy, and obstruc-
tion of the nasolacrimal duct may be managed by 
dacryocystorhinostomy.   

6.5    Inclusion Conjunctivitis 

 Inclusion conjunctivitis is a sexually transmitted 
disease caused by  C. trachomatis s erovars D, E, 
F, G, H, I, J, and K. The disease may be rarely 
caused by serovar B or C. Adult inclusion con-
junctivitis is a common bilateral sexually trans-
mitted disease. 

 Chlamydia agent may cause chronic infec-
tions and may lead to cervicitis in women and 
urethritis in men. The disease may be asymptom-
atic in women. 

 In humans, chlamydia has been recovered 
from approximately 50 % of patients with non-
gonococcal urethritis (NGU). 

6.5.1    Clinical Findings 

 The disease is characterized by swelling and 
 erythema of the eyelids with follicular reaction 
of the conjunctiva. There is hyperemia and 
 chemosis. Superfi cial punctate keratitis may be 
observed, and corneal pannus formation occurs. 
In rare cases, phlyctenulosis may be seen.  

6.5.2    Laboratory Diagnosis 

 Microscopic examination with Giemsa stain and 
scrapings of the conjunctiva may reveal a typical 
chlamydial inclusion bodies and cytology shows 
equal number of lymphocytes, polymorpho-
nuclear cells and plasma cells. The agent can be 
cultured in tissue culture.  

6.5.3    Treatment 

 The treatment of chlamydial inclusion conjuncti-
vitis in adults consists of azithromycin 500 mg 
orally daily for 6 days. The sexual contact should 

also be treated.  Lymphogranuloma venereum  
conjunctivitis is a rare chlamydial infection of the 
conjunctiva caused by  C. trachomatis  serovars 
L1, L2, L2a, and L3. This is a sexually transmit-
ted disease.   

6.6    Psittacosis 

 Psittacosis is a common infection in birds caused 
by Chlamydia psittaci. The disease may cause 
infections in human including conjunctivitis and 
pneumonia. 

6.6.1    Clinical Findings 

 Patients with  C. psittaci  conjunctivitis develop 
hyperemia of the conjunctiva with follicular reac-
tion and epithelial keratitis. Interstitial keratitis 
and uveitis may occur. No inclusion bodies are 
seen.  

6.6.2    Treatment 

 The treatment of psittacosis requires six week 
course of oral doxycycline 100 mg orally twice 
daily. Pregnant woman may be given oral  
azithromycin.   

6.7    Neonatal Conjunctivitis 
(Ophthalmia Neonatorum) 

 Ophthalmia neonatorum or conjunctivitis of the 
newborn is an acute conjunctivitis recognized in 
the fi rst month of postnatal life. The disease is 
characterized by bilateral conjunctival hyper-
emia. Causes of neonatal conjunctivitis include 
 Neisseria gonorrhoeae ,  C. trachomatis , herpes 
simplex type 2, bacteria, and silver nitrate. 

6.7.1    Clinical Findings 

 Patients with neonatal conjunctivitis develop ery-
thema of the lids, conjunctival hyperemia, and 
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discharge. Neonates do not have subconjunctival 
lymphoid tissue, and therefore, conjunctival fol-
licles are not seen in this age group. Edema of the 
palpebral and bulbar conjunctiva may be noted. 
In cases of purulent conjunctivitis,  Neisseria 
gonorrhoeae  should be ruled out, and this is an 
emergency because corneal perforation may 
occur within a few days if not treated early. 
Treatment of neonatal conjunctivitis [ 3 ] is shown 
in Table  6.1 .

   Conjunctival scrapings and cultures are essen-
tial in neonatal conjunctivitis. Corneal scrapings 
stained with Gram and Giemsa may show Gram- 
negative intracellular diplococci in polymorpho-
nuclear cells in cases of  Neisseria gonorrhoeae . 
In Chlamydial conjunctivitis, also known as 
inclusion blenorrhea, conjunctival scrapings 
show basophilic paranuclear cystoplasmic inclu-

sion bodies. Lymphocytes, plasma cells, and 
macrophages with epithelial debris known as 
Leber’s cells. 

 In herpetic conjunctivitis, multinucleated epi-
thelial cells are seen with mononuclear cellular 
infi ltration. In patients with other bacterial infec-
tions, Gram-positive or Gram-negative cocci or 
bacilli may be seen. Neonatal conjunctivitis due 
to chemical reaction may show neutrophils and 
occasional lymphocytes on Giemsa stain. 
Chemical conjunctivitis occurs to some degree in 
eyes treated prophylactically with 1 % silver 
nitrate. Silver nitrate 1 % eyedrops can bind to 
bacterial protein but at the same time adhere to 
conjunctival cellular protein and can cause irrita-
tion and infl ammation.   

6.8    Bartonella Conjunctivitis 
(Cat-Scratch Disease) 

  Bartonella  conjunctivitis (cat-scratch disease) is a 
cause of Parinaud’s oculoglandular conjunctivitis. 
The disease is usually unilateral, and the conjunc-
tival granuloma occurs over the palpebral con-
junctiva with preauricular lymph node. The most 
common cause is  Bartonella henselae , but other 
infectious agents may cause Parinaud’s oculo-
glandular conjunctivitis including  Pasteurella 
(Francisella) tularensis, Mycobacterium tubercu-
losis, Treponema pallidum, Yersinia  species, 
 Haemophilus ducreyi,  lymphogranuloma vene-
reum, sporotrichosis , Coccidioides immitis , 
mumps, and Epstein-Barr virus (Table  6.2 ) [ 4 ]. 
 Bartonella  oculoglandular disease can lead to 
chronic conjunctivitis. The disease is caused by 
Gram- negative pleomorphic bacterium known as 
 Bartonella henselae .

6.8.1      Clinical Findings 

 Patients with  Bartonella  oculoglandular disease 
have chronic conjunctivitis with localized granu-
loma which is unilateral associated with large pre-
auricular lymph node. Conjunctival biopsy or 
scrapings may show Gram-negative bacteria in the 
lymph node. The bacilli could be detected with the 

   Table 6.1    Treatment of conjunctivitis of the newborn   

 Chemical 
 Usually self-limiting; possibly irrigation with warm 
saline 

 Gonococcal 
 Hospitalization; isolation (at least 24 h after therapy 
is initiated) 
 IV aqueous penicillin G 100,000 units/kg/day in 
four doses daily for 7 days 
 Saline irrigation 
 Topical antibiotics – not exceeded with IVR x ; 
effective against gonococcus 
 Antibiotic sensitivities; if penicillin therapy fails, 
sensitivities used to dictate action a  

 Chlamydial 
 Oral erythromycin syrup, 30–50 mg/kg/day in four 
doses daily for 2 weeks (Optional: topical 1 % 
tetracycline  or  10 % sulfonamide four to six times 
daily) 

 Herpetic 
 Topical trifl uridine 1 % every 2 h for 7 days (not 
longer than 2 weeks)  or  acyclovir 10 mg/kg IV 
every 8 h for 10 days 

 Other bacteria 
 0.5 % erythromycin ointment  or  1 % tetracycline 
ointment every 4 h for 7 days; smear is Gram-
positive cocci 
 0.3 % gentamicin  or  tobramycin 1 drop every 4 h 
for 7 days; smear is Gram-negative cocci 

  Adapted from Flach [ 3 ] 
  a Ceftriaxone 25–50 mg/kg IV  or  IM once daily for 7 days  or 
g entamicin 5 mg/kg/day IM in two divided doses for 7 days  
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Warthin-Starry silver impregnation stain in the tis-
sue section of the lymph node. The organism is a 
Gram-negative pleomorphic bacterium. The bac-
terium is seen intracellularly and can be found in 
the biopsy specimen of conjunctival granuloma. 

  Bartonella  oculoglandular disease is a form of 
subacute regional lymphadenitis which is usually 
preceded by history of a cat scratch or exposure 
to cats. The disease is characterized by a spec-
trum of signs ranging from mild self-limited ade-
nopathy with a conjunctival nodule to severe 
systemic disease and hepatosplenomegaly. The 
disease may cause neuroretinitis and occurs more 
frequently in children than young adults. 

 Bartonellosis may be life-threatening in 
patients with HIV infection. The main symptoms 
in patients with  Bartonella  oculoglandular dis-
ease include unilateral hyperemia of the conjunc-
tiva with discharge and photophobia. This may 
be associated with fever, malaise, anorexia, and 
headache. On examination, a large visible preau-
ricular or submandibular lymph node may be 
noted. The lymph node is usually tender. Ptosis 
of the eyelid may occur due to swelling. The bul-
bar conjunctiva may show a localized granuloma 
with chemosis and hyperemia. These lesions may 
last from 2 weeks to 10 months and show pro-
gressive spontaneous healing. Treatment with 

antibiotics appears to shorten the course of the 
disease and prevents suppuration. Visual loss can 
occur in systemic disease due to neuroretinitis 
and retinal vasculitis.  

6.8.2    Treatment 

 The treatment of  Bartonella  oculoglandular dis-
ease is systemic antibiotic in the form of doxycy-
cline 100 mg orally twice daily for a period of 
2–3 weeks. Children may be treated with rifamy-
cin, trimethoprim sulfamethoxazole, or intramus-
cular gentamicin. Patients with hepatic 
involvement should be given intravenous genta-
micin. Localized excision of the conjunctival 
granuloma may shorten the course of the disease. 
Symptomatic treatment of fever, chills, anorexia, 
malaise, and headaches may be rendered.   

6.9    Borrelia Conjunctivitis 

  Borrelia  conjunctivitis is a disease caused by the 
spirochete  Borrelia burgdorferi . The disease is 
also known as Lyme disease. The disease has 
been recognized as the most common cause of 
tick-borne disease in the United States. The 

   Table 6.2    Etiology of oculoglandular conjunctivitis   

 Cause  Organism  Disease 

 Bacteria   Bartonella henselae   Parinaud’s oculoglandular conjunctivitis (cat-scratch disease) 
  Francisella tularensis   Tularemia 
  Mycobacterium tuberculosis   Tuberculosis 
  Treponema pallidum   Syphilis 
  Yersinia  spp. a   Yersinia infection 
  Haemophilus ducreyi  a   Chancroid 
  Listeria monocytogenes  a   Listerellosis 

 Chlamydiae  Lymphogranuloma venereum agent  Lymphogranuloma venereum 
 Inclusion conjunctivitis agent  Inclusion conjunctivitis 

 Fungi   Sporotrichum schenckii  a   Sporotrichosis 
  Coccidioides immitis   Coccidioidomycosis 
  Actinomyces israelii  a   Actinomycosis 
  Blastomyces dermatitidis  a   Blastomycosis 

 Virus  Mumps virus a   Mumps 
 Epstein-Barr virus  Infectious mononucleosis 

  Adapted from Tabbara [ 4 ], p. 480 
  a Rare cases  
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vector is the tick  Ixodes , and the infection can 
lead to three clinical stages. 

6.9.1    Clinical Findings 

 The fi rst stage of Lyme disease occurs immedi-
ately after the patient is infected with the spiro-
chete after a tick bite. The classic clinical 
manifestation of Lyme disease is an erythema 
chronicum migrans (ECM) of the skin at the site 
of the tick bite. This is a circumferential red rash 
that moves outward and eventually resolves spon-
taneously. During the second stage of the disease, 
patients may experience headaches with menin-
gismus and neurologic symptoms. Patients may 
also develop cardiac arrhythmia and acute pericar-
ditis. In stage three, the disease becomes chronic 
with neurologic ocular and joint symptoms. Facial 
palsy or other cranial nerves paresis may occur. 
The most common ocular manifestation of Lyme 
disease is conjunctivitis that occurs in stage 1 of 
the infection. The conjunctivitis appears as non-
specifi c acute conjunctivitis with redness, dis-
charge, and discomfort. A chronic follicular 
conjunctivitis has been described in Lyme disease. 
Complete resolution of the conjunctivitis occurs.  

6.9.2    Laboratory Diagnosis 

 Serologic tests for Lyme disease should be 
requested. Blood tests determine the presence of 
antibodies to  Borrelia burgdorferi . The sensitiv-
ity of the assays is variable, and the negative test 
does not rule out the infection.  

6.9.3    Treatment 

 The treatment of Lyme disease (stage 1) consists 
of doxycycline 100 mg orally twice daily, amoxi-
cillin 500 mg orally three times daily, or cefurox-
ime 500 mg orally twice daily. 

 In patients who develop chronic Lyme dis-
ease, ceftriaxone is given intravenously every 
24 h. In cases of arthritis, both doxycycline and 
amoxicillin should be combined.   

6.10    Viral Conjunctivitis 

 Viral conjunctivitis is a common ocular condition 
caused by a variety of viruses. The most common 
cause of viral conjunctivitis is adenovirus. The 
disease has an abrupt onset and usually starts in 
one eye and later involves the other eye. Most 
cases of viral conjunctivitis have a self-limited 
course but may lead to corneal opacities and 
decrease in vision. There are different patterns of 
clinical presentation, and the disease manifesta-
tions may be variable and may have different 
sequelae in different patients. Most viruses that 
affect the conjunctiva lead to an acute unilateral 
follicular conjunctivitis with discharge followed 
by involvement of the second eye within 2 days 
to 1 week after the initial involvement. The dis-
ease is highly contagious, and several members 
of the same family may be involved. 

6.10.1    Clinical Findings 

 Patients with viral conjunctivitis complain of for-
eign body sensation, tearing, irritation, and pain. 
Examination reveals swelling of the lids, with 
occasional ecchymosis, conjunctival hyperemia 
and chemosis, and subconjunctival hemorrhages. 
Small tender periauricular lymph node is noted. 
Hemorrhages may be seen in the conjunctiva. A 
true membrane or pseudomembrane may be seen 
over the conjunctiva, and the membrane may recur 
following removal. The cornea shows superfi cial 
epithelial keratitis in the fi rst few days. The differ-
ential diagnosis of acute follicular viral conjunc-
tivitis includes adenoviral keratoconjunctivitis, 
acute hemorrhagic conjunctivitis, primary herpes 
simplex virus conjunctivitis, Newcastle disease 
viral conjunctivitis, and rarely cytomegalovi-
rus (CMV) or Epstein- Barr virus conjunctivitis. 
The follicles are usually seen in the lower fornix 
and lower palpebral conjunctiva. It takes several 
days for the follicles to appear. Follicles may get 
obscured by papillae, edema, and infi ltration of 
the conjunctiva or by conjunctival membranes. 
The differential diagnosis of membranous or pseu-
domembranous conjunctivitis includes epidemic 
keratoconjunctivitis (EKC), pharyngoconjunctival 
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fever, herpetic conjunctivitis,  Corynebacterium 
diphtheriae  conjunctivitis, ligneous conjunctivitis, 
Stevens- Johnson syndrome, ß ( beta) -hemolytic 
streptococcal conjunctivitis, chlamydial conjunc-
tivitis, chemical (alkali) burns, and topical drug-
induced conjunctivitis. 

 The majority of cases of viral conjunctivitis are 
caused by adenovirus types 4, 7, 8, 19, 22, 37, and 
53 [ 5 ]. Adenovirus keratoconjunctivitis is highly 
contagious and a signifi cant health hazard because 
of the rapid spread of the disease. Economic loss 
occurs because of affl iction of the young man-
power in the population and usually affects people 
between the ages of 24 and 40 years. Seven to 10 
days after the onset of the keratoconjunctivitis, 
focal epithelial keratitis develops leading to lesions 
at the level of Bowman’s layer with subepithelial 
nummular infi ltrates. These epithelial infi ltrates 
consist of mononuclear cells mostly lymphocytes. 
The conjunctivitis lasts 2–3 weeks and is self-lim-
ited. Subepithelial infi ltration may occur and may 
remain for many months, and some cases may per-
sist up to 2 years. The number of subepithelial 
nummular opacities may vary in shape, size, loca-
tion, and number. Diffuse subepithelial opacities 
may occur. Patients may have minimal subepithe-
lial nummular opacity without affection of their 
visual acuity, and others may have numerous num-
mular opacities in the cornea that may be confl u-
ent and may coalesce causing decrease in visual 
acuity. Hyperopic shift may occur in some patients 
because of the superfi cial scarring of the cornea. 
Anterior self-limiting nongranulomatous uveitis 
occurs in severe adenoviral keratoconjunctivitis. 

 Membranous conjunctivitis may cause con-
junctival scar and occasionally may lead to 
scarring of the lacrimal ductules leading to dry 
eye syndrome. The most commonly encoun-
tered adenoviruses include Ad4, Ad7, Ad8, 
Ad19, Ad22, Ad37, and Ad53 [ 6 ]. No specifi c 
antiviral therapy is available for adenovirus 
keratoconjunctivitis. The management is usu-
ally symptomatic with application of cold com-
presses and sunglasses. Topical nonsteroidal 
anti- infl ammatory agents (NSAIDs) may help 
in relieving discomfort in the early stages of 
the  disease. Topical diluted corticosteroids may 
also help in decreasing the signs and symptoms 

of viral conjunctivitis. Topical Povidone-iodine 
0.4 % eyedrops and ganciclovir 0.15 % gel have 
been reported to be effective in the management 
of adenoviral keratoconjunctivitis [ 8 – 9 ]. 

 Fluorometholone 0.05 % eyedrops or rimexo-
lone 0.5 % eyedrops may be used four times daily in 
patients with severe subepithelial corneal infi ltra-
tion. Topical cyclosporine 0.1 % eyedrops or tacro-
limus 0.01 % eyedrops may be started 1 week after 
the onset of subepithelial opacities, and this can help 
in ameliorating the photophobia and irritation in 
patients with nummular subepithelial opacities due 
to adenoviral keratoconjunctivitis. Antibiotics are 
used in cases of secondary bacterial conjunctivitis. 

 Complications of adenoviral keratoconjuncti-
vitis include dry eye syndrome, conjunctival 
scarring, punctal occlusion, hyperopic shiffs, 
nummular and diffuse corneal scarring. 

 Other causes of viral conjunctivitis include 
infl uenza virus conjunctivitis, acute hemorrhagic 
conjunctivitis secondary to adenovirus type 70, 
Epstein-Barr virus conjunctivitis, molluscum 
contagiosum of the skin of eyelids, and Human 
papilloma virus. 
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7.1            Introduction 

 Corneal infection or microbial keratitis is a com-
mon cause of ocular morbidity and visual loss. 
Microbial keratitis may be caused by viruses, 
bacteria, fungi, and parasites. The most common 
causative agent of corneal infection is viral, fol-
lowed by bacteria, fungi, and parasites.  

7.2     Pathogenesis of Corneal 
Infections 

 The viruses and parasites usually do not require 
breach of the corneal surface to establish an infec-
tion. On the other hand, bacteria and fungi require 
a break in the integrity of the epithelium barrier to 
gain entry and adhere to establish an infection. 

A few bacteria, however, such as  Neisseria, 
Corynebacterium, Haemophilus ,  and Listeria , can 
invade the intact cornea and establish infections. 
The ocular surface is equipped with both specifi c 
and nonspecifi c defense mechanisms that prevent 
offending agents. Several systemic and local fac-
tors may predispose to corneal infections. 

 The main barrier to microorganisms that 
invade the cornea is the epithelial surface. The 
epithelium of the cornea serves as a physical and 
functional barrier to infections preventing entry 
of microbes and interfering with their growth 
through productions of microbial and antimicro-
bial agents. If the epithelium is breached and an 
organism gained access to the underlying tissue, 
the organism would encounter defense mecha-
nisms of innate immunity which are designed to 
react rapidly against microbes. The ocular sur-
face tear fi lm contains substances that are effec-
tive in killing the organisms including lysozyme, 
lactoferrin, secretory immunoglobulin IgA, and 
other defense mechanisms. Neutrophils and 
macrophages ingest microbes and destroy them 
by producing substances that are microbiocidal. 
In addition, macrophages produce cytokines 
that recruit, activate, and upregulate immuno-
cytes. On the other hand, natural killer cells 
kill virus- infected cells and produce cytokines 
including interferon gamma. Many forms of pro-
teins are involved in the host defense including 
proteins of the complement system, the comple-
ment agent by microbes or by antigen antibody 
complexes. The complement system is aimed at 
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 killing microbes and lead to opsonization for the 
phagocytosis by macrophages and neutrophils. In 
addition to combating infections, innate immune 
responses stimulate subsequent adaptive immu-
nity providing symptoms that are essential for 
initiating responses of antigen-specifi c T and B 
lymphocytes. Innate immunity works in concert 
with adaptive immune responses leading to the 
control of infection. 

 Antibodies bind to extracellular microbes 
blocking their ability to infect the host cells. The 
phagocytes ingest organisms and kill them, while 
helper T lymphocytes enhance the microbial kill-
ing of the phagocytes. Cytotoxic T lymphocytes, 
on the other hand, destroy cells that have been 
infected by microbes that are inaccessible to anti-
bodies. The main goal of the adaptive response is 
to activate the defense mechanisms against 
microorganisms that invade the cornea. 

 Microorganisms that invade the epithelial 
cells of the cornea may be captured and processed 
by macrophages and dendritic cells that are resi-
dents in the epithelial surface and migrate from 
the limbus. Protein antigens of these microor-
ganisms are processed by the antigen- presenting 
cells to generate peptides that are discreet on the 
surface of the antigen-presenting cells and then 
bind to the major  histocompatibility complex 
molecules. Naive T cells recognize MHC com-
plexes, and the T lymphocytes start to respond. 
Protein antigens are recognized by T lympho-
cytes, while polysaccharides and other non-
protein antigens are captured in the lymphoid 
organs. 

 The epithelial surface represents a barrier to 
infections and innate immunity provides the fi rst 
line of defense against the offending organisms. 
There are multiple strategies of innate recogni-
tion of infection. The most common of which 
is recognition of molecules, highly character-
istic of large groups of microbes or viruses. In 
the corneal epithelium, there are innate immune 
receptors known as Toll-like receptors (TLRs). 
Toll-like receptors recognize bacterial cell-wall 
components or cell membrane receptors. Their 
main function is to induce production of infl am-
matory cytokines such as tumor necrosis factor- 
alpha (TNF-α) and interleukin (IL-1) 1, whereas 

the intracellular TLRs cause production of type 
1 interferon. Both TNF and IL-1 are the main 
infl ammation-inducing cytokines. This helps in 
the fi ghting against infections but at the same 
time may lead to damage of the tissue leading 
to corneal scarring and, therefore, decrease in 
vision. 

 Toll-like receptors recognize pathogens on 
the epithelial surfaces. TLRs recognize the vari-
ety of molecules including bacterial cell-wall 
components and pathogen-derived nucleic acids. 
Nucleotide-binding oligomerization domain- 
containing protein 1 (NOD1) and nucleotide- 
binding oligomerization domain-containing 
protein 2 (NOD2) recognize proteoglycan sub-
structures and promote innate immune responses 
as well. NOD1 and NOD2 are innate immune 
components found in the cytoplasm of cells. 
They recognize small fragments of bacterial cell- 
wall peptidoglycans which are transported across 
the host cell. NOD1 and NOD2 are synergistic 
with TLR signaling and bind to certain ligand to 
induce infl ammatory cytokines. 

 Table  7.1  shows the factors that may predis-
pose to ocular infections [ 1 ].

7.3        Bacterial Keratitis 

 Bacterial keratitis is a devastating infection of the 
cornea that may lead to rapid insult and loss of 
vision. Early diagnosis and prompt treatment are 
essential in minimizing the damage and improv-
ing the visual outcome. There are numerous bac-
teria that may cause bacterial keratitis. The most 
frequent causative organisms of bacterial keratitis 
include  Staphylococcus aureus ,  Staphylococcus 
epidermidis ,  Streptococcus pneumoniae ,  and 
Pseudomonas aeruginosa.  Other organisms that 
may cause bacterial keratitis include  Moraxella , 
 Klebsiella ,  Proteus ,  Enterobacter ,  Serratia , 
 Citrobacter ,  and Neisseria  species .  In rare cases 
of bacterial keratitis, multiple organisms may be 
isolated. 

 This section covers the clinical fi ndings of bacte-
rial keratitis, diagnostic workup, and management. 

 Patients with bacterial keratitis usually pres-
ent with history of pain, redness, photophobia, 
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tearing, irritation, foreign-body sensation, puru-
lent discharge, and blepharospasm. Symptoms of 
lid swelling may be present. 

7.3.1     Clinical Findings 

 Patients with bacterial keratitis present with 
hyperemia of the conjunctiva, ciliary injection, 
and purulent discharge. Biomicroscopy of the 
cornea reveals an epithelial defect with creamy- 
white infi ltration surrounded by ground-glass 
appearance. The ulcer may be small or large. 
The cornea may show folds in Descemet’s 
membrane with edema and keratic precipitates 
found on the endothelium. The anterior cham-
ber demonstrates varying degrees of cells and 
fl are. Fibrin or hypopyon may be present. It is 
important to examine the stroma carefully to 
assess the amount of necrosis that may lead to 
thinning of the cornea. This is true in patients 
with  Pseudomonas  infection where thinning 
of the stroma may be marked and sometimes a 
descemetocele may form which carries a poor 
prognosis. The descemetocele may lead to cor-
neal perforation and iris adhesion to the cornea. 

Central corneal ulcers are usually infectious 
in nature, while noninfectious  infi ltrates may 
appear as single or multiple peripheral corneal 
infi ltration ulcer secondary to immune- mediated 
reactions. Marginal ulcers that extent to the cen-
ter may be infectious in nature.  Staphylococcus  
corneal ulcers are usually round, well circum-
scribed with an epithelial defect and corneal infi l-
tration. In some patients with  Staphylococcus  
ulcer, multiple deep stromal infi ltrates may be 
seen together with small infi ltrates adjacent to 
the corneal ulcer. The surrounding cornea may 
show minimal edema.  Streptococcus pneu-
moniae  may appear as serpiginous ulceration 
that moves across the cornea with infi ltration. 
On the other hand,  Pseudomonas aeruginosa  
causes an aggressive and fulminant corneal 
ulcer which is rapidly progressing and may lead 
to corneal perforation if not treated early. The 
corneal ulcer is usually extensive with necrosis 
and yellow-green purulent discharge adherent to 
the surface. The corneal surrounding of the ulcer 
shows edema with ground-glass appearance and 
loss of its transparency. A hypopyon is usually 
present. Certain bacterial ulcers are indolent and 
insidious in nature such as  Moraxella ,  Nocardia , 

   Table 7.1    Predisposing     factors for ocular infections   

 Exogenous factors  Endogenous local conditions  Systemic factors 

 Contact lens wear  Lid disorders  Alcoholism 
 Topical corticosteroids   1. Lagophthalmos  Allergies 
 Topical antibiotics   2. Entropion  Blood dyscrasias 
 Trauma   3. Ectropion  Collagen-vascular disease 
 Glaucoma medication   4. Blepharitis  Coma 

 Lacrimal disorders  Dementia 
  1. Keratitis sicca  Diabetes mellitus 
  2. Dacryocystitis  Immune disorders 
 Conjunctival disorders  Prematurity 
  1. Vernal catarrh  Systemic steroids 
  2. Trachoma  Nutritional defi ciency 
  3. Ocular pemphigoid  Psychosis 
  4. Stevens-Johnson syndrome 
  5. Xerophthalmia 
 Corneal disorders 
  1. Neurotrophic keratitis 
  2. Penetrating keratoplasty 
  3. Bullous keratopathy 
  4. Herpetic eye disease 
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and nontuberculous  Mycobacteria . The cor-
neal ulcers show a localized epithelial defect 
with infi ltration. The ulcer tends to be round 
or oval, and the cornea  surrounding the ulcer 
appears to be relatively clear unlike cases with 
 Pseudomonas  corneal ulcer. In cases of traumatic 
penetrating corneal laceration, the patient may 
be infected with  Bacillus  species or  Clostridium  
species which may produce gas in the anterior 
chamber or corneal stroma. On the other hand, 
 Serratia marcescens  corneal ulcer may produce 
red pigment that appears in the stroma.  

7.3.2     Diagnostic Laboratory 
Investigation 

 Simple corneal ulcers should always be scraped 
for cytological evaluation with Gram and Giemsa 
stains and for cultures. The corneal scrapings 
should be performed at the area of corneal infi l-
tration obtaining adequate specimens. Part of the 
scraping specimen is placed on two slides for 
Gram and Giemsa staining, and another speci-
men should be placed onto culture plates, blood 
agar, and chocolate agar. Other media may be 
used, as indicated, such as Löwestein-Jensen 
medium, cooked meat, or brain-heart infusion 
medium. Corneal cultures are obtained in the 
offi ce utilizing topical anesthetic such as pro-
paracaine 0.5 %, tetracaine 0.1 %, or benoxi-
nate 0.4 %. The corneal scrapings are obtained 
with the slit-lamp magnifi cation using either 
Kimura spatula or a 25 g needle. The scrapings 
should be done aggressively in the bed of the 
ulcer as well as the leading edge of the infi ltrate. 
Mucopurulent discharge should be avoided. A 
wire lid speculum may be used to prevent blink-
ing during the procedure. Thioglycolate medium 
is use for anaerobic cultures. If fungi are sus-
pected, Sabouraud’s dextrose agar should be 
used. An additional slide may be prepared for 
periodic acid-Schiff (PAS) or Grocott-Gomori 
methenamine- silver nitrate stain. The corneal 
specimen should be cultured even in patients 
who are on antibiotics. Media with antibiotic 

removal device may be used. Molecular diagnos-
tic techniques are available such as polymerase 
chain reaction (PCR). Molecular diagnostic tests 
may not be readily available in every institution 
but may prove to be helpful.  

7.3.3     Management 

 Clinical severity of corneal ulcers is divided into 
three grades: mild, moderate, and severe. Mild 
corneal ulcers are those that are less than 2 mm in 
size, and the depth of the ulcer is less than 20 % 
or 100 μm of the corneal thickness. The infi ltrates 
may be superfi cial next to the base of the ulcer. 
In cases with moderate corneal ulcers, the size 
of the ulcer is 2–5 mm, the depth of the ulcer is 
20–50 % (100–275 μm) of the cornea, and the infi l-
trate is dense extending to the midstroma. In severe 
corneal ulcers, the ulcer size is more than 5 mm 
in size, the depth of the ulcer is more than 50 % 
(>275 μm) of corneal thickness, and the infi ltration 
is dense reaching the deep layers of the corneal 
stroma. The sclera may be involved in patients with 
severe peripheral bacterial keratitis. After obtain-
ing the corneal scrapings for culture and cytol-
ogy, the patient should be started on combination 
of topical antibiotics to cover the most commonly 
encountered organisms while the patient is still 
in the offi ce. The mainstay of treatment includes 
frequent aggressive administration of topical anti-
biotics. Certain antibiotics may have to be com-
pounded and made available for the patient. Mild 
and moderate bacterial keratitis may be treated on 
an out-patient basis whereas patients with severe 
bacterial keratitis may have to be admitted to the 
hospital for the intensive in-patient management. 

 The patient should be treated with topical anti-
biotics every hour in addition to the pulse therapy 
which should be given three times a day and con-
sists of one drop every minute for 5 min. 

 In moderate and severe corneal ulcers, treat-
ment should be aggressive, and antibiotic eye 
drops should be administered every 15 min 
around the clock with an initial pulse therapy. It is 
of great importance to monitor the corneal thin-
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ning and stromal necrosis in cases of imminent 
perforations, shallowing of the anterior chamber, 
or sudden appearance of the hypopyon. 

 In patients with small perforations, tissue adhe-
sive may be applied. In patients where there is 
rapid reepithelialization, it is recommended to re-
scrape the cornea in order to increase the corneal 
penetration of the antimicrobial agents where the 
infi ltration is persistent. Antibiotic therapy is modi-
fi ed when the culture is available. When the infi l-
tration subsides and the epithelial defect heals, 
frequency of the antibiotics may be tapered. The 
size of the infi ltration and the ulcer should be mea-
sured by slit beam. Optical coherence tomography 
(OCT) and external photography are helpful. The 
size of the infi ltration and the epithelial defect are 
recorded and followed up closely. The size of the 
epithelial defect is usually smaller than the infi ltra-
tion. Cycloplegic agents such as cyclopentolate 
0.1 % eye drops may be given twice daily to mini-
mize pain and blepharospasm. Oral analgesics may 
be required in patients with severe ocular pain. It is 
always recommended not to patch the infected eye, 
but a plastic clear shield may be applied. 

 Patients may be started on empirical therapy 
consisting of tobramycin 14 mg/ml and vanco-
mycin 50 mg/ml eye drops. These can be given 
5 min apart initially in the fi rst hour followed by 
every hour. A pulse topical therapy may be given 
every 1 min for 5 times 3 times daily. 
Commercially available fl uoroquinolones such as 
gatifl oxacin, moxifl oxacin, and besifl oxacin may 
be used as initial empiric therapy in mild cases. 
Ciprofl oxacin is approved for use in bacterial 
keratitis and has demonstrated clinical effi cacy 
and safety in a large clinical trial [ 2 ]. Ciprofl oxacin 
is potent against Gram-negative organisms such 
as  Pseudomonas  but has limited effi cacy against 
staphylococci and streptococci. 

 The treatment for bacterial keratitis is the 
topical administration of commercially available 
antibiotics or fortifi ed compounded antibiotics. 
Increasing the concentration of antibiotic solu-
tions creates a larger diffusion grading across the 
cornea, and this serves to increase the corneal pen-
etration of the antibiotic. Subconjunctival or sub-

tenon    injection of antibiotics is occasionally used 
in patients with moderate to severe corneal ulcers, 
ulcers with imminent perforation, patients with 
scleral extension of the corneal ulcers, and patients 
with associated endophthalmitis. Subconjunctival 
injection may also be indicated in patients who 
are not compliant. Repeated injections must be 
administered to maintain appropriate drug loads. 

 Intravenous administration of antibiotics is 
rarely indicated in patients with bacterial kerati-
tis.  Neisseria  species and  Haemophilus  species 
are treated with systemic as well as topical antibi-
otics because of the possibility of systemic infec-
tion, particularly, in the pediatric age group. 

 The severe infl ammation associated with bac-
terial keratitis may lead to damage to the corneal 
tissue, and this infl ammatory reaction should be 
taken into consideration. Topical corticosteroids 
are contraindicated in the initial therapy of bacte-
rial keratitis but once the infection is under con-
trol and the epithelium has healed, corticosteroids 
may be used with care. Clinical trials have shown 
that topical corticosteroids given 2 days after ini-
tiation of topical antibiotic therapy did not worsen 
the course of the disease. Topical corticosteroids, 
however, may inhibit the immune mechanisms of 
the ocular surface leading to persistence of the 
infection. The risks and benefi ts of topical corti-
costeroids should be weighed carefully.   

7.4     Viral Keratitis 

 There are many viruses that lead to keratitis in 
man. Both DNA and RNA viruses may cause 
keratitis. The severity of keratitis varies from 
mild superfi cial punctate epithelial keratitis with 
or without conjunctivitis to severe form of stro-
mal keratitis leading to scarring and loss of 
vision. Viruses that cause keratitis include herpes 
virus and varicella-zoster virus, adenovirus, 
human immunodefi ciency virus, smallpox, vac-
cinia,  Molluscum contagiosum,  measles, mumps 
virus, mucacin disease virus, enterovirus, rubella 
virus, fl aviviridae and myxoviridae group of 
viruses (Table  7.2 ).
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7.5        Herpes Keratitis 

 Herpes simplex virus (HSV) and herpes zoster 
virus (HZV) are the most serious infections of 
the cornea that may lead to devastating complica-
tions and loss of vision. HSV is the most com-
mon infectious cause of unilateral visual loss 
from corneal disease [ 3 ]. Herpetic infections are 
common and afflict between 50 and 95 % of the 
population. HSV type 1 is transmitted by direct 
contact with infected secretions. Humans are the 
only known natural reservoir. The disease can be 
primary infection in an immunized individual 
or secondary disease due to recurrence of HSV 
which has been dormant in the trigeminal gan-
glion. Nearly 95 % of individuals older than 60 
years of age harbor HSV in their trigeminal gan-
glia at autopsy. The majority of cases of herpetic 
infections are subclinical, and HSV has been 
isolated from tears and saliva of patients with 
no active disease [ 4 ]. Following a primary infec-
tion, the virus stays dormant in the trigeminal 
ganglion in cases of ocular surface infection. The 

ocular involvement is most commonly associ-
ated with type 1 HSV which causes disease in the 
distribution of the trigeminal ganglion:  Herpes 
keratitis ,  Herpes labialis ,  and Herpes gingivosto-
matitis . HSV type 2, on the other hand, is associ-
ated with disease and in the distribution of the 
sacral ganglion leading  to Herpes vulvovaginitis  
and  Herpes progenitalis.  Reports of HSV type 
2 ocular disease have been shown in adults and 
suggest an oculogenital transmission of the virus. 
In neonates, HSV-2 is responsible for the 80 % 
of the herpetic infections. If the herpes virus is 
found in the birth canal, the risk of infection to a 
newborn is 40 %, and therefore, a cesarean sec-
tion is preferable for delivery in such cases [ 5 ]. 

 The most common manifestation of ocular 
herpes is herpetic keratitis. The newborn becomes 
susceptible to an infection with HSV at 6 months 
at the time of decline in maternal antibodies to 
the herpes virus. The initial episode of herpetic 
infection is referred to as primary infection and 
can occur between the ages of 1 and 5 years but is 
subclinical in the majority of cases. The  primary 

   Table 7.2    Non-herpetic viral keratitis   

 Virus  Ocular manifestations 

  DNA viruses  
 Adenovirus  Follicular conjunctivitis, epithelial keratitis, subepithelial 

nummular opacities 
 Small pox (variola virus)  Corneal ulcers, corneal perforation  Skin vesicles, scars 

fever, death 
 Vaccinia virus  Corneal scars, keratitis, conjunctivitis blepharitis, superfi cial 

punctate keratitis (SPK) 
 Vesicles 

 Molluscum contagiosum  Lid umbilicated lesion, follicular conjunctivitis 
 Papilloma virus  Limbal keratitis, conjunctival papilloma  Warts of lid margin 
  RNA viruses  
 Measles virus  SPK, conjunctivitis secondary to bacterial infections  Koplik’s spots 
 Mumps virus  SPK, acute conjunctivitis  Dacryoadenitis 
 New castle disease virus  SPK, follicular conjunctivitis  Parotiditis 
 Enterovirus 70 virus  Subconjunctival hemorrhage 
 Coxsackie virus  Follicular conjunctivitis, subconjunctival hemorrhage 
 Rubella virus  Congenital cataract, retinopathy, microphthalmia, iris atrophy 

 Acquired follicular conjunctivitis, SPK 
 Flaviviridae 
 West Nile virus  Multifocal choroiditis, retinal vasculitis 
 Dengue virus  Chorioretinitis, vasculitis 
 Chikungunya virus 
 Bunyaviridae  Subconjunctival hemorrhage 
 Rift Valley fever  Retinitis, retinal vasculitis, optic neuritis, optic atrophy retinal 

hemorrhages 
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infection may affect the eyelids, conjunctiva, 
and cornea presenting as lid swelling and edema 
with initial erythematous papular lesions pro-
gressing rapidly into vesicular eruptions and 
ulcerative stage 1. The conjunctiva may show 
follicular conjunctivitis, and the cornea reveals 
epithelial keratitis. The primary infection gives 
more severe symptoms than recurrent disease. 
The virus may be cultured from the conjunctiva. 
In patients who are immunologically compro-
mised, a severe generalized infection may occur. 
Patients who are immunocompromised such 
as newborns, malnourished children, pregnant 
women in their last trimester, patients with atopic 
dermatitis, tuberculosis- acquired immunodefi -
ciency syndrome, Wiskott-Aldrich syndrome, 
ataxia- telangiectasia, leukemia or lymphoma, 
severe burns, and patients on systemic immuno-
suppressive agents are susceptible to severe her-
petic infection. The site of the primary infection 
determines the pathway of viral spread and site 
of viral latency. The most common site for the 
establishment of the latent infection is the tri-
geminal ganglion. Latency of HSV in the corneal 
nerves has been suggested [ 6 ].  

7.6     Epithelial Disease 

 Following the primary infection, HSV stays 
latent in the trigeminal and sacral ganglia. 
Certain triggers have been shown to reactivate 
the herpetic infection. These triggers include 
fever, sunlight, cold wind, surgery, infection, 
menstruation, stress, cutting the root of the 
ganglion, trauma, and immunosuppression. 
Recurrent ocular disease may lead to herpetic 
dermatitis of the lids which tend to recur in the 
same geographic location where vesicle ulcer-
ates leaving an erythematous base. Recurrent 
conjunctivitis leads to hyperemia and some-
times chemosis of the conjunctiva. The most 
common form of recurrence of the ocular disease 
is the cornea. Recurrent herpetic keratitis may 
lead to epithelial dendrites, geographic ulcer-
ation, and stromal invasion of the cornea by her-
pes virus [ 7 ]. Recurrent herpetic stromal disease 
may lead to infi ltration and edema of the corneal 
stroma leading to stromal necrosis and melting. 

In severe cases, stromal keratitis may be associ-
ated with uveitis. Trauma to the trigeminal nerve 
of the cornea may induce viral recurrences in 
the peripheral tissue. HSV reactivation occurs 
in 90 % of patients after trigeminal root section, 
but not after trauma to previously denervated 
tissue. Herpetic disease may lead to dendrite 
formation in the cornea and geographic epithe-
lial ulceration which if treated early may lead to 
minimal superfi cial corneal haze. Scrapings of 
the dendrites may show intra- and intercellular 
edema of the corneal epithelium with necrosis in 
the area of ulceration. Multinucleated epithelial 
cells and intranuclear eosinophilic inclusions 
may be seen. Virus may be isolated on culture 
from the smears, and PCR is usually positive. In 
the postinfectious period, epithelial defect may 
become indolent and the ulceration showing 
poor tendency towards healing. Viral replication 
does not occur in such lesions. Abnormal tear 
fi lm function and decreased corneal sensation as 
well as antiviral toxicity may contribute to the 
development persistent postinfectious epithelial 
defect. Disciform keratitis may occur in some 
patients with recurrent herpetic keratitis. This is 
immune reaction to viral antigen. 

 Histologically, one may fi nd lymphocytes and 
plasma cells within the stromal edema but usually 
no live virus. In some cases, herpes simplex viral 
particles may be seen in the corneal endothelium 
in cases of endotheliitis. Patients typically have 
well-circumscribed stromal edema with minimal 
infi ltration and keratic precipitates. 

 Corneal immune rings and interstitial kerati-
tis are also seen in herpetic keratitis. Uveitis and 
trabeculitis may occur, and some patients with 
keratouveitis may have an increase in the intra-
ocular pressure which can be acute or chronic 
(Table  7.3 ).

   Table 7.3    Causes of dendritic corneal lesions [ 8 ]   

 Herpes simplex virus 
 Varicella-zoster virus 
 Healing of epithelial defect 
 Richner-Hanhart syndrome (tyrosinemia type II) 
 Autoimmune polyendocrine syndrome type 1 (APS-1) 
 Keratosis follicularis 
 Thygeson’s superfi cial punctate keratitis 
 Soft contact lens wear 
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   Patients with herpetic keratitis may present 
with unusual clinical presentation of peripheral 
corneal infi ltration or a marginal ulcer. In these 
patients, differentiation from  Staphylococcus  
marginal ulcer has to be made. Table  7.4  shows 
the differentiation between herpetic periph-
eral infi ltration and staphylococcal peripheral 
 infi ltration [ 8 ].

   The aftermath of interstitial herpetic keratitis 
is corneal scarring and vascularization with loss 
of vision. In patients who have been given topical 
steroids, secondary infection may occur or cor-
neal descemetocele or perforation may ensue. 

7.6.1     Laboratory Diagnosis 

 Corneal scrapings in corneal herpetic epithelial 
disease may be subjected to cytologic exami-
nation, PCR, culture, and electron microscopy. 
Giemsa-stained corneal scrapings may show 
multinucleated epithelial cells. Giemsa stain 
obscures nuclear details, and therefore, intra-
nuclear inclusions typical of HSV infection can-
not be seen. Specimens fi xed with 95 % ethanol 
and stained with Papanicolaou (PA) method 
may demonstrate intranuclear inclusion bod-
ies. Fluorescent antibody staining of the corneal 
scrapings can be done and may demonstrate the 
presence of herpetic antigens. Cultures taken 
from epithelial disease are usually positive, 
while cultures from geographic stromal or disci-
form lesions are much less likely to be positive. 
This denotes that the number of virus particles 
is low in such lesions. Cultures for bacteria and 
fungi should be obtained from patients with 
stromal infi ltration where secondary infection is 
suspected.  

7.6.2     Management of Epithelial 
Keratitis 

 The treatment epithelial dendrites or geographic 
corneal ulcers consists of applying topical anes-
thesia in the form of tetracaine 1 % or benoxinate 
0.4 % and sweeping the epithelium with a sterile 
cotton applicator followed by topical application 
of acyclovir 3 % ophthalmic ointment 5 times 
daily or ganciclovir 0.15 % gel 5 times daily [ 9 ]. 
Antiviral therapy should be continued for a 
period of 7–10 days after. Antiviral agents such 
as idoxuridine, adenine arabinoside, and trifl uri-
dine are all toxic to the corneal epithelium and 
should be avoided [ 10 ]. An alternate therapy is 
trifl uridine 1 % solution administered every 2 h. 
This dosage is used in the initial treatment period 
for 2–4 days and later decreased to 5 times daily. 
If there is lack of response or increase in the size 
of the ulcer, the therapy should be discontinued. 
Topical trifl uridine may cause toxicity to the cor-
neal epithelium.   

7.7     Stromal Keratitis 

 In herpetic stromal keratitis, there is evidence of 
infl ammatory response which requires the use 
of topical corticosteroids under antiviral cover-
age. Topical steroids can decrease the infl am-
mation and minimize the damage to the stromal 
lamellae. At the same time, topical steroids may 
compromise the local immune response and may 
lead to viral replication. It is recognized from 
the study that delaying topical steroids did not 
have an adverse reaction on the corneal infl am-
mation. It is, therefore, reasonable to start with 
antiviral agents initially and later add topical 

   Table 7.4    Differentiation between herpetic peripheral infi ltration and staphylococcal peripheral infi ltration   

 Herpetic peripheral infi ltrate  Staphylococcal peripheral infi ltrate 

 Pain and photophobia  −  + 
 Early epithelial defect  +  – 
 Lucid interval  −  + 
 Decreased corneal sensation  +  − 
 Blepharitis  −  + 
 Cytology  Multinucleated cells  Polymorphonuclear cells 
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 corticosteroids in the form of prednisolone ace-
tate 1 % eye drops 4 times daily to be tapered 
over a period of 4–6 weeks [ 11 ,  12 ]. 

 Patients with corneal thinning and perforation 
can complicate the stromal disease, and topical 
steroids may aggravate the corneal melting. It is, 
therefore, recommended to minimize the use of 
corticosteroids. One may shift from prednisolone 
acetate 1 % eye drops to fl uorometholone 0.1 % 
eye drops to be used 3 or 4 times daily. 

 Soft contact lenses may promote epithelial 
healing and stop melting. If perforation occurs, 
cyanoacrylate glue may be used to seal small 
defect and reform the anterior chamber. Severe 
corneal scarring or corneal perforation may 
require tectonic graft or penetrating keratoplasty 
(PKP).  

7.8     Disciform Keratitis 

 Disciform keratitis is an immune-mediated reac-
tion to viral antigens [ 13 ]. The corneal epithe-
lium is intact with central round corneal stromal 
infi ltration and edema. Keratic precipitates may 
be present. Treatment of disciform keratitis 
includes topical prednisolone acetate 1 % eye 
drops 8 times daily for 3 days and later to be 
tapered to 4 times daily after 2–3 days. Steroids 
are given with appropriate topical or systemic 
antiviral therapy [ 13 ]. Topical therapy may con-
sist of acyclovir 3 % ophthalmic ointment or gan-
ciclovir 0.15 % gel. The corticosteroids and 
antiviral agents may later be tapered and adjusted 
according to the response of the corneal lesion. 
Disciform keratitis responds promptly to topical 
corticosteroids.  

7.9     Penetrating Keratoplasty 
(PKP) in Herpetic Keratitis 

 Herpetic keratitis leads to upregulation of many 
cytokines and infl ammatory response leading to 
upregulation of Class II antigens on the kerato-
cytes and endothelial cell increasing the rate of 
graft rejection in patients undergoing PKP. The 
rate of rejection of the corneal graft in a patient 

with herpetic keratitis is high. Herpes virus in the 
trigeminal ganglion allows periodic shedding of 
the virus onto the cornea that may lead to recur-
rences of the herpetic disease in the corneal graft. 
Recurrence of herpetic keratitis in the corneal 
graft will increase the chances of corneal graft 
rejection because of the upregulation of many 
forms of cytokines and the expression of the 
HLA Class II antigen on the surface of the endo-
thelial cells. It is estimated that 40–50 % of the 
corneal transplant cases may end up in corneal 
graft rejection. We have previously found out that 
preoperative oral valacyclovir at a dosage level of 
500 mg orally twice daily for 2 days before the 
procedure and continued for up to 1 month after 
the procedure with topical ganciclovir 0.15 % gel 
given 4 times daily is safe and effective in the 
prevention of recurrences of herpetic disease  in  
the corneal graft [ 14 ]. We had several cases that 
were kept on topical ganciclovir 0.15 % gel up to 
2 years after the corneal transplantation with no 
evidence of recurrence or graft rejection [ 15 ]. 
Oral valacyclovir and topical ganciclovir 0.15 % 
are effective therapy for acute herpes simplex 
keratitis. Antiviral oral therapy and long-term 
prophylaxis is indicated in patients with keratitis 
and uveitis. 

 Herpetic keratitis is a recurrent disease, and 
prevention is essential in ameliorating the dam-
age that occurs following recurrences of herpetic 
keratitis. Prophylactic therapy in herpetic kerati-
tis consists of using valacyclovir 500 mg orally 
twice daily or topical ganciclovir 0.15 % gel 
twice daily. Sozen and associates [ 16 ] compared 
the effi cacy of oral valacyclovir and topical acy-
clovir in the treatment of herpes simplex keratitis 
in a randomized prospective clinical trial. They 
found that systemic antiviral therapy is more 
effective in herpes simplex keratitis than topical 
acyclovir ointment.  

7.10     Herpes Zoster Keratitis 

 Varicella-zoster virus is the cause of chicken pox 
and herpes zoster “shingles.” The virus 
( Herpesvirus varicellae ) is a distinct virus related 
to  Herpes  virus family. Other members of the 
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Herpes group include Herpes simplex, 
Cytomegalovirus (CMV), and Epstein-Barr virus 
(EBV). They are all morphologically similar and 
have icosahedral symmetry surrounding a spheri-
cal core of DNA. The initial infection of varicella- 
zoster virus leads to systemic varicella or chicken 
pox. Patient has a spontaneous recovery and 
sometimes the disease is asymptomatic. The 
virus remains latent in the body indefi nitely and 
may reactivate later in life. Varicella occurs usu-
ally in childhood and is characterized dissemi-
nated cutaneous vesicular eruption that occurs 
after the onset of fever and fl u-like illness.  

7.11     Varicella Keratitis 

 Varicella-zoster virus may rarely cause keratitis 
in the primary form of the disease. It is charac-
terized by conjunctivitis with watery discharge. 
   A phlyctenule-like lesion may be seen at the 
limbus with punctate keratitis. Varicella may 
also cause dendritic keratitis [ 17 ]. The den-
drites are fi ne linear and slightly elevated and 
nonulcerative. Disciform keratouveitis may 
occur  occasionally [ 18 ]. 

7.11.1     Herpes Zoster Ophthalmicus 

 It is estimated that 20 % of unvaccinated adults 
develop disease at one time or another. Herpes 
zoster ophthalmicus (HZO) is much less com-
mon than varicella. It is postulated that with age 
there is decrease in the immunity to the varicella- 
zoster virus and this may lead to reactivation of 
the latent virus [ 19 ]. Other triggers to reactivation 
of latent varicella zoster are trauma, stress, sys-
temic disease, surgery, immunosuppression, or 
disease such as leukemia and lymphoma. 

 Herpes zoster begins with a localized pain, 
tingling sensation, dysesthesia in the affected 
dermatome associated with fever and malaise. 
A cutaneous eruption occurs 3–4 days after with 
edematous and maculopapular eruption which 
becomes vesicular followed by ulceration and 
scarring [ 20 ]. The ophthalmic branch of the tri-
geminal nerve is involved and lead to swelling of 
the lids, conjunctival hyperemia. Involvement of 

the tip of the nose also known as, Hutchinson’s 
sign, is evidence of nasociliary nerve distribu-
tion, and the ocular structures may be involved in 
85 % of the cases. The cutaneous eruptions in 
Hutchinson’s sign are  on  the tip of the nose [ 21 ]. 
The side of the midportion of the nose may also 
be involved. It should be kept in mind that herpes 
simplex dermatitis may have a dermatomal distri-
bution and should be in the differential diagnosis 
of HZO. Recurrences of HZO is extremely rare 
but has been reported. The possible ocular mani-
festations of HZO are numerous. Herpes zoster 
can cause blepharitis, canaliculitis, episcleritis, 
conjunctivitis, keratitis, iridocyclitis, uveitis, reti-
nal vasculitis, retinal necrosis, choroiditis, papil-
litis, and optic neuritis. 

 Herpes zoster keratitis may have variable ocu-
lar manifestations. The corneal epithelium shows 
punctate keratitis and fi ne with no terminal bulbs 
dendritic epithelial lesions and sometimes prog-
ress to geographic or neurotrophic corneal ulcer-
ations. The corneal stroma may be involved 
showing disciform keratitis or nummular opaci-
ties. The nummular opacities are more frequently 
seen at the periphery. The lesions may cause cor-
neal necrosis and melting, and corneal perfora-
tion may occur [ 22 ]. Lid corneal scarring and 
vascularization with lipid deposition in the cor-
nea are seen. Zoster dendrites do not have termi-
nal bulbs and are usually small, linear, and less 
ulcerative than herpetic keratitis caused by her-
pes simplex. The dendrites are softer and less 
branching than the herpes simplex dendrites. 
They tend to be small and in starfi sh confi gura-
tion. Corneal sensation is diminished. Herpes 
zoster may cause disciform keratitis and some-
times keratouveitis [ 23 ]. The anterior uveitis may 
be associated with sector iris atrophy.  

7.11.2     Laboratory Investigations 

 Corneal scrapings of the epithelial dendrites do 
not show viral particles. Multinucleated epithe-
lial cells may be seen on Giemsa-stained corneal 
scrapings. Several predisposing diseases includ-
ing leukemia and lymphoma and Hodgkin’s 
 disease as well as other neoplastic diseases, tuber-
culosis, syphilis, immunodefi ciency  syndrome, 
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and systemic immunosuppression have been 
associated with HZO. Most patients with oph-
thalmic zoster are otherwise healthy. 

 Systemic evaluation should be done in patients 
who are young or in patients who have history 
suggestive of existing systemic diseases.  

7.11.3     Management 

 Topical management of herpes zoster keratitis 
consists of ganciclovir 0.15 % gel given initially 
8 times daily for 1 week and later decreased to 5 
times daily for another 2 weeks. Skin lesions may 
be treated with topical 5 % acyclovir skin oint-
ment to be applied 5 times daily [ 24 ]. In patients 
with zoster keratitis, there is element of infl am-
matory reaction. Systemic steroids are indicated 
for vision-threatening lesions such as retinitis or 
optic neuritis. Dosage for oral prednisone for 
adults is 40–60 mg daily followed by quick taper-
ing to lower levels adjusted according to the clin-
ical response. The treatment with systemic 
steroids should also be combined with valacyclo-
vir 1,000 mg 3 times daily for 1 week tapered to 
1 g orally twice daily after 1 week. 

 Systemic antivirals are initiated for anterior and 
posterior uveitis especially in vision- threatening 
conditions like retinitis, optic neuritis [ 25 ], and 
glaucoma.    Since authors advised to treat retinal 
neurosis in herpes zoster with intravitreal injection 
of ganciclovir and dexamethasone. 

 Nonhealing postzoster epithelial defects are 
secondary to neurotrophic ulceration and should 
be treated with artifi cial tears and lubricating 
ointments, patching, and soft contact lenses. 
Topical preservatives such as benzalkonium 
chloride should be avoided [ 26 ]. Tarsorrhaphy 
or conjunctival fl ap may be indicated in cases 
with exposure keratitis. Amniotic membrane 
transplantation [ 27 ], topical autologous serum, 
and topical Cocicol eye drops may help in the 
healing of a persistent epithelial defect. Topical 
corticosteroids should be given in chronic stro-
mal infl ammation and anterior uveitis [ 26 ]. 
Autologous serum, topical exogenous nerve 
growth factor can also be used. 

 Corneal perforation of the cornea is treated 
with cyanoacrylate adhesive and soft contact 

lens. Keratoplasty may be considered at a later 
stage following complete healing and decrease in 
the infl ammatory reaction. 

 Postzoster neuralgia [ 28 ] is a condition that 
may cause severe pain, tingling sensation, numb-
ness, and paresthesias. The condition may be 
treated with oral analgesics or neuroleptics such 
as chlorpromazine, amitriptyline, gabapentin, or 
Lyrica. Because depression coexists with post-
zoster neuralgia, antidepressive therapy may 
enable the patients to tolerate the pain. Topical 
capsaicin 0.025 % dermatologic cream (Zostrix) 
or 8 % patch is reported to alleviate postzoster 
neuralgia in some cases. Capsaicin is applied 4 
times daily to the skin of the affected dermatome. 
Lidocaine 5 % patch is more effi cient than capsa-
icin topically [ 29 ].   

7.12     Varicella-Zoster Vaccine 
(Zostavax) 

 Varicella-zoster vaccination is recommended for 
individuals over the age of 50 years. Vaccination 
helps in the prevention of herpes zoster ophthal-
micus and postherpetic neuralgia. 

 Zostavax is a life-attenuated varicella-zoster 
virus that has been demonstrated to decrease the 
incidence of herpes zoster infection by 51 % over 
a period of 3 years. A total of 38,546 patients 
who were 60 years of age or older were enrolled 
prospectively in the study. The group clearly 
demonstrated that in the short term the vaccine 
can dramatically reduce the burden of HZV 
infections. The effects of this vaccine on children 
remain to be elucidated. It has postulated that 
decreasing the incidence of primary infection 
among children would effectively reduce the bur-
den of herpes zoster. Vaccine may also be of help 
in patients with latent infection and may decrease 
the incidence of HZO [ 30 ].  

7.13     Epstein-Barr Virus Keratitis 

 Epstein-Barr (EB) virus keratitis is another mem-
ber of the  Herpesviridae  group. It is the most 
common cause of infectious mononucleosis 
syndrome characterized by lymphadenopathy, 
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fever, pharyngitis, headache, hepatitis, skin rash, 
and sometimes arthritis and hepatomegaly and 
splenomegaly. 

7.13.1     Clinical Findings 

 EB virus may cause nummular keratitis or well- 
circumscribed disciform lesions in the cornea. 
The lesions appear late in the course of the infec-
tious mononucleosis syndrome. The disease may 
be associated with mild nonspecifi c conjunctivi-
tis. EB virus also can cause dryness, oculogran-
dular syndrome, uveitis, and choroiditis. 
Occasionally, patients may develop optic (disk) 
nerve head edema (papillitis) and paresis of the 
oculomotor nerves [ 31 ].  

7.13.2     Laboratory Investigations 

 Laboratory investigations include blood smears 
to determine the presence of atypical lympho-
cytes in the blood smears and positive neutrophil 
antibody response. PCR can be positive for an 
EB virus in case of uveitis, and EB virus and spe-
cifi c antibodies and core and capsid antigens may 
be detected [ 32 ].  

7.13.3     Management 

 EB virus keratitis lesions may be treated with 
topical corticosteroids in the form of fl uorometh-
olone 0.1 % eye drops 4 times daily. The lesions 
may show spontaneous recovery and decrease in 
the redness and photophobia. No systemic ther-
apy is indicated.   

7.14     Cytomegalovirus Keratitis 

 Recent studies have shown that cytomegalovirus 
(CMV) can cause keratitis and anterior uveitis in 
immunocompetent hosts. The disease is usually 
unilateral and characterized by history of red-
ness, photophobia, and decrease in vision. 
Patients develop increased intraocular pressure 
and endotheliitis with evidence of corneal edema 

and large keratic precipitates in a triangular fash-
ion. No epithelial disease is noted in the cornea. 
Anterior corneal edema is observed. The anterior 
chamber shows cells and fl are with evidence of 
iritis and cyclitis [ 33 ]. 

7.14.1     Laboratory Diagnosis 

 Aqueous specimens obtained from such patients 
may show CMV nucleotides by PCR [ 33 ].  

7.14.2     Management 

 Patients with CMV (anterior) keratitis and uveitis 
may be treated with topical ganciclovir 0.15 % 
gel applied 8 times daily. The treatment is contin-
ued for 1 week and later decreased to 5 times 
daily or with systemic and intraocular ganciclo-
vir [ 34 ]. Systemic valganciclovir and intravitreal 
ganciclovir has been used in some patients with 
CMV (retinitis) uveitis and keratitis [ 35 ]. 

 Topical steroids in the form of prednisolone 
acetate 1 % eye drops 4 times daily may help the 
infl ammatory reactions in the anterior chamber 
and decrease the corneal edema. 

 The intraocular pressure should be treated 
with beta-blockers, carbonic anhydrase inhibi-
tors, and prostaglandin analogues. Oral therapy 
with valganciclovir (Valcyte) can be given at a 
dosage level of 450 mg tablets orally twice daily 
for 2 weeks. In severe cases like necrotizing reti-
nitis, ganciclovir 0.5 mg/kg can be given intrave-
nously every 12 h. Intravitreal ganciclovir can be 
given at a dosage level of 2 mg one injection 
twice a week for 2 weeks. Foscarnet can also be 
given. Formiversin was approved by the Food 
and Drug Administration (FDA) in 1998 for 
intravitreal injection. Ganciclovir intraocular 
implant was also used to treat CMV retinitis [ 36 ].   

7.15     Fungal Keratitis 

 Fungal infection of the cornea, fungal keratitis or 
keratomycosis, is a serious ocular condition. 
It may eventuate in serious complications. Early 
diagnosis and prompt treatment are mandatory 
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for arresting the disease process and inducing 
rehabilitation of the ocular surface. Fungal kera-
titis occurs in eyes with preexisting ocular sur-
face disease. Fungal keratitis is diffi cult to 
diagnose and may present with a clinical picture 
similar to some bacterial infections or herpetic 
corneal disease. In such patients, a high index of 
suspicion is required, and laboratory identifi ca-
tion of the fungal corneal pathogen is essential. 
Incomplete and inadequate therapy and inaccu-
rate or delay in diagnosis may lead to poor out-
come and visual loss. It is, therefore, conceded 
that successful management of fungal keratitis 
requires early diagnosis, prompt treatment, and 
close follow-up. 

 The use and abuse of corticosteroids may pro-
mote fungal replication and corneal invasion and 
lead to poor outcome. Fungal keratitis may be 
caused by fi lamentous fungi or by yeast. The dis-
ease is common in tropical climate and warm 
weather [ 37 ]. The disease is associated with out-
door activities and occupations. The most fre-
quently encountered causes of fungal keratitis 
include  Fusarium  species,  Aspergillus  species, and 
 Candida  [ 37 ,  38 ]. Other causes of fungal kerati-
tis include  Acremonium ,  Alternaria ,  Fusarium , 
 Cephalosporium ,  Curvularia ,  Penicillium , 
 Sporothrix ,  Mucor ,  Rhizopus , and other fungi that 
are rarely seen. Predisposing factors to fungal kera-
titis include a compromised ocular surface, atopic 
disease, long-term use of topical corticosteroids, 
exposure keratopathy, keratoconjunctivitis sicca, 
neurotrophic keratitis, immunosuppression, agri-
cultural occupation, vernal keratoconjunctivitis, 
trauma, older patients, herpetic keratitis, and soft 
contact lens use [ 38 ].  Fusarium  is the most com-
mon genus of fi lamentous fungi responsible for 
fungal keratitis in the southern part of the United 
States, while  Aspergillus  species are more common 
in India [ 39 ] and Saudi Arabia [ 37 ]. 

7.15.1     Clinical Findings 

 Fungal keratitis is commonly found in patients 
who sustained superfi cial corneal trauma. The 
incubation period of the fungus may take 2–21 
days depending on the type of organisms and 
the size of the inoculum as well as the immune 

status of the host. It should be kept in mind that 
there are no pathognomonic features of fungal 
keratitis. Certain fi ndings, however, may sug-
gest the presence of fungal keratitis. Fungal 
keratitis is an insidious slowly progressive 
ulceration of the cornea associated with corneal 
infi ltration. The corneal infi ltration consists of 
intrastromal abscess or discrete elevated plaque 
on the corneal epithelium. The fungal infi ltra-
tion is characterized by feathery edges [ 40 ]. The 
ulcer base is usually dry, gray, or white texture. 
There is thickening and elevation of the borders 
with hypertrophic corneal epithelium. Stromal 
infi ltration may radiate from the ulcer edge 
leading to small round satellite lesions [ 40 ]. A 
ring infi ltration may be adjacent to the ulcer rep-
resenting an immune response. The ulcer bor-
ders are irregular and elevated with fi ne 
branching infi ltration. Folds in    Descemet mem-
brane may be seen, and stromal infl ammation is 
observed. In some patients, an endothelial 
plaque composed of fi brin may be visualized 
over the endothelium. The plaque may be pres-
ent in the absence of a hypopyon. The hypopyon 
is frequently observed in the anterior chamber 
and may contain fungal elements in contrast to 
bacterial keratitis which is usually sterile. The 
presence of keratoconjunctivitis sicca, neuro-
trophic keratitis, or herpetic keratitis should be 
ruled out in the absence of trauma. The fungal 
keratitis is usually an indolent form of keratitis 
that may last for days or weeks.  

7.15.2     Laboratory Diagnosis 

 The clinical diagnosis of fungal keratitis should be 
confi rmed by laboratory investigation.    Following 
instillation of topical unpreserved anesthetic 
such as benoxinate 0.4 % or proparacaine hydro-
chloride 0.5 %, corneal scrapings are obtained 
for cytologic evaluation and cultures. Corneal 
scrapings are placed on precleaned glass slides, 
and one slide is immediately fi xed in absolute 
methanol for 5 min. Corneal biopsy specimens 
are usually fi xed in 10 % formalin solution for 
light microscopy and glutaraldehyde for electron 
microscopy. One slide is kept as reserve, while the 
other slides are stained with Gram stain, Giemsa 
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stain, Grocott-Gomori methenamine- silver stain, 
and periodic acid-Schiff (PAS) stain. An anterior 
chamber paracentesis may be obtained in patients 
with suspected fungal endophthalmitis. Corneal 
scrapings are inoculated on blood agar, chocolate 
agar, thioglycolate broth, and Sabouraud’s agar. A 
modifi cation of Sabouraud (Emmond’s medium) 
consisting of pH7.0 without cycloheximide may 
be used. Blood agar can support the growth of 
many fungi. Sabouraud’s agar contains 50 μg of 
gentamicin to inhibit bacterial contamination. 
Sabouraud’s agar plates are maintained at room 
temperature (25 °C). Liquid- infusion medium 
may be used as an adjunct to solid fungal media. 
The Grocott-Gomori methenamine- silver stain is 
a stain to identify fungi. PAS stain is useful for 
identifying fungal elements in tissue and cytolog-
ical preparation. The carbohydrates in the fungal 
cell wall react with PAS and stain magenta. With 
this stain, the fungi appear pink with dark blue 
against the yellow background. Both Giemsa 
and Gram stains may also selectively stain fungi. 
The proteinaceous debris, however, may reduce 
the contrast between fungi and the background. 
Most fungi appear to be Gram positive. The use 
of potassium hydroxide 10 or 20 % is unreliable 
because of the presence of very few hyphae in 
the slides. Calcofl uor white is another method of 
staining fungi. It makes the living and dead fungi 
visible under fl uorescent microscope. 

 Fungal cultures should be checked daily. 
Growth may appear within 2–3 days. Delayed 
growth is unusual, and negative cultures do not 
rule out fungal keratitis. Keratectomy specimens 
or corneal biopsies may be obtained for histo-
pathologic evaluations and staining with hema-
toxylin and eosin (H & E), Grocott-Gomori 
methenamine-silver stain and PAS stain. 
Confocal microscopy seems to be accurate and 
reliable diagnostic modality in the etiologic diag-
nosis of fungal keratitis [ 41 ].  

7.15.3     Management 

 Fungal keratitis should be treated with topical 
agents that can penetrate the corneal tissue and 
reach the fungi in the stroma. Superfi cial yeast 

infection in the cornea such as  Candida  species 
may be treated with nystatin which is a polyene 
antifungal agent. It is found in a dermatologic 
preparation (Mycostatin ointment) containing 
100,000 units per gram which is well tolerated 
when applied topically every 4–6 h. Nystatin, 
however, is a large molecular weight and, there-
fore, penetrates the cornea poorly. 

 Natamycin is a macrolide antibiotic produced 
by  Streptomyces natalensis  and is currently the 
only topical ophthalmic antifungal agent available 
commercially. Natamycin is a broad spectrum 
antifungal agent and has been used effectively 
in the treatment of fungal keratitis caused by 
 Fusarium ,  Cephalosporium ,  Aspergillus , and 
 Candida  species [ 42 ]. Natamycin is poorly 
soluble in water but does form a stable micro-
suspension and adheres to the cornea at the site 
of epithelial defects. Natamycin demonstrates 
poor penetration and is less effective in the 
treatment of fungal keratitis with deep stromal 
infi ltrates [ 43 ]. Natamycin 5 % ophthalmic sus-
pension should be applied topically every hour. 
Intensive topical antifungal therapy is continued 
until clinical improvement is noted. Signs of 
improvement and resolution of the infection are 
demonstrated by rounding up the ulcer margin, 
decrease in the infi ltrate, disappearance of the 
satellite lesions, healing of the epithelial defect, 
decrease in the corneal edema, and absorption of 
the hypopyon. Pain is decreased and the ocular 
infl ammation subsides. Amphotericin B can be 
compounded as topical drops at the concentra-
tion level of 0.15 % eye drops. Amphotericin B 
is prepared in sterile water. Initial therapy may 
include topical administration every hour, and 
the medication may be gradually tapered after a 
favorable clinical response [ 44 ]. Amphotericin B 
is toxic to the tissues and can cause irritation and, 
therefore, should not be given subconjunctivally. 
Subconjunctival injection may lead to necrosis 
of the conjunctiva. Fluconazole (2 mg/ml) is 
available for injection and is well tolerated eye 
drops [ 45 ]. The intravenous injection can be 
prepared as topical and can be given subconjunc-
tivally at the same concentration. 

 Fluconazole is effective in the treatment of 
 Candida  keratitis. Fluconazole may also be given 
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orally 200 mg as loading dose than 150 mg/daily 
and 2 % subconjunctivally [ 46 ]. 

 Voriconazole is effective against  Fusarium  [ 47 ], 
 Aspergillus , and  Candida.  The drug can be pre-
pared as 1 % eye drops and may be given every 
hour as initial loading dose and later shifted 
to every 2 h [ 48 ]. The drug is well tolerated. 
Voriconazole can be given subconjunctivally and 
also intravenously. Voriconazole   25 μgm in 0.1 ml 
can be given as an intrastromal injection at 
the site of the corneal infi ltrates using a 30 g 
needle [ 49 ]. This can be done under topical anes-
thesia. Intrastromal injection has to be given every 
three days. Voriconazole 1 % eye drops can be pre-
pared from the intravenous preparation (V Fend 
Pfi zer, Inc.). Other imidazoles are miconazole 
which is available for injection 10 mg/ml and may 
be given topically and subconjunctivally 10 mg in 
1 ml. Other imidazoles include ketoconazole and 
itraconazole. Ketoconazole can be given 200 mg 
orally per day but may cause hepatotoxicity, and 
liver function tests should be obtained. Miconazole 
may demonstrate good ocular penetration fol-
lowing topical, subconjunctival, or intravenous 
administration with no ocular or systemic toxicity. 
Miconazole may be helpful for deep fungal kera-
titis especially  Aspergillus . Topical miconazole 
should be given 10 mg/ml eye drops every hour 
and subconjunctivally 10 mg in 1 ml. 

 In general, imidazole compound should not be 
combined with polyenes like amphotericin B 
because of their drug interaction. The imidazoles 
decrease the ergosterol synthesis which is the tar-
get of amphotericin B. 

 Corneal scrapings during treatment can help 
in debridement and also allow the antifungal 
agent to penetrate the corneal stroma. Corneal 
scraping can remove the dead cells and the 
necrotic tissue. Superfi cial keratectomy may be 
performed for small ulcers especially when they 
are covering the visual axis. 

 Conjunctival fl ap or amniotic membranes may 
be required in indolent fungal corneal ulcers not 
responsive to medical therapy. The conjunctiva 
fl ap should be thin and avascular and sutured with 
minimal tension to prevent retraction. Penetrating 
keratoplasty (PKP) may be  performed at a later 
date following resolution of the  infection and the 

ocular infl ammation. Therapeutic PKP may be 
indicated in deep keratomycosis with impending 
corneal perforation [ 50 ]. Although PKP may be 
successful in eliminating residual infection and 
restoring the anatomic integrity of the globe, prog-
nosis for visual recovery is poor [ 50 ]. Good visual 
outcome may be achieved with PKP in central cor-
neal ulcers without hypopyon or signifi cant ante-
rior chamber reaction. Postoperative complications 
following PKP include peripheral anterior poste-
rior synechiae, pupillary membranes, macular 
edema, retinal detachment, secondary glaucoma, 
cataract formation, as well as corneal graft rejec-
tion [ 50 ]. If there is no impending perforation, 
PKP may be performed several months after the 
conjunctival fl ap has healed and after dissecting 
away the fl ap from the cornea. Therapeutic kerato-
plasty is most successful when surgery is per-
formed early enough to remove all the corneal 
pathology. Corneal cross-linking has been shown 
to be safe and effective in small early superfi cial 
fungal keratitis in experimental animals [ 51 ]. 
Finally, excimer laser lamellar keratectomy has 
been performed in experimental  Candida  keratitis 
and achieved sterilization on culture and histo-
pathologically in all corneal tissues. These thera-
peutic modality should, however, be carried out 
early in superfi cial fungal keratitis.   

7.16     Parasitic Keratitis 

 The most frequently encountered causes of para-
sitic keratitis include  Acanthamoeba ,  Leishmania , 
 Microsporidia ,  and Onchocerca.  

7.16.1     Acanthamoeba Keratitis 

  Acanthamoeba  species may cause an indolent form 
of parasitic keratitis. The organism has been identi-
fi ed as an important cause of ocular morbidity and 
has been increasing in prevalence over the past two 
decades [ 52 ].  Acanthamoeba  is a free-living pro-
tozoa which is ubiquitous in nature and is found 
in soil, drinking water, stagnated water, swimming 
pools, and hot tubs. The most common species of 
 Acanthamoeba  that have been reported to cause 
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 Acanthamoeba  keratitis include  Acanthamoeba 
polyphaga ,  Acanthamoeba castellanii , and 
 Acanthamoeba hatchetti.  It has also been iso-
lated from animal feces.  Acanthamoeba  exists in 
two forms – the trophozoites form which is active 
motile and the dormant original double- walled 
structure which allows the amoeba to survive in 
hostile environment. The encysted form is trig-
gered by food deprivation and desiccation. Several 
predisposing factors may lead to  Acanthamoeba  
keratitis including poor hygiene with soft contact 
lens wearing, trauma, exposure to stagnated water, 
and immunocompromised patients. The major-
ity of cases of  Acanthamoeba  keratitis have been 
reported in contact lens wearer [ 53 ,  54 ].  

7.16.2     Clinical Findings 

 Patients with  Acanthamoeba  keratitis give his-
tory of pain, discomfort, irritation, tearing, and 
blurring of vision. In some patients, pain may be 
severe and much worse than what is expected in 
the clinical fi ndings. 

 Biomicroscopy shows an indolent keratitis and 
may have variable clinical manifestations. Patients 
with  Acanthamoeba  keratitis may be mistaken for 
herpetic keratitis. Dendrite-like lesions may be 
seen or localized circumscribed geographic ulcer. 
In addition, patients may have infi ltration of the 
cornea with peripheral ring infi ltrates and severe 
infl ammation with stromal keratitis which may 
lead to corneal stromal melting and descemetocele 
formation and perforation [ 55 ]. One characteristic 
fi nding in  Acanthamoeba  keratitis is the fi nding of 
perineuritis of the corneal nerves referred to as 
radial keratoneuritis. Satellite subepithelial infi l-
trates may be seen similar to those seen in patients 
with viral keratitis. The corneal epithelium may be 
irregular and elevated in the edges with recurrent 
erosions. The corneal infection may be associated 
with concurrent bacterial infections.  

7.16.3     Laboratory Diagnosis 

 Corneal scrapings may be obtained and placed 
in liquid medium which can be centrifuged and 

examined by microscopy without staining. 
Occasionally, trophozoites are seen on the slide 
prepared from the sediment after centrifugation 
of corneal scrapings placed in Page’s solution. 
 Acanthamoeba  can survive on cultured corneal 
epithelium and stromal keratocytes and can 
maintain its growth by nutritional support. In 
mixed infections,  Acanthamoeba  can thrive on 
bacteria, and it has been suggested that initial 
infections from contaminated soil or water may 
induced a mixed infection of  Acanthamoeba  
and bacterial infection leading to the initial 
support of  Acanthamoeba  [ 56 ]. Corneal scrap-
ings may be stained with Giemsa stain, Gram 
stain, and Wright stain. For patients with deep 
stromal involvement, corneal biopsy is neces-
sary to make the diagnosis of  Acanthamoeba  
keratitis. Hematoxylin-Eosin- stained sections 
of corneal biopsy specimens may show 
 Acanthamoeba  organisms both in trophozoites 
and the cysts. Trichrome stain, periodic acid-
Schiff reagent, and Gomori methenamine- silver 
stain may also show the organism. Indirect fl u-
orescent antibody staining techniques may be 
utilized to show the  Acanthamoeba  in the tis-
sues [ 57 ]. Calcofl uor white, a chemofl uorescent 
stain is absorbed by the cellulose components 
of the cyst wall of  Acanthamoeba  and can high-
light the organism in tissues [ 58 ].  Acanthamoeba  
may be cultured on blood agar, chocolate Agar, 
Sabouraud’s agar, and Löwestein-Jensen agar 
at 25C or 37C. On the other hand, optimal 
recovery of the organism can be achieved by 
the inoculation of the corneal scrapings speci-
mens on non- nutrient agar coated with a bacte-
rial overlay of  Escherichia coli  ( E. coli ) which 
provides nutrition for the  Acanthamoeba . The 
culture is positive when wavy cracks are seen 
on the surface of the agar plate indicating 
motile trophozoites that are engulfi ng the bac-
teria.  Acanthamoeba  may be stored in Page’s 
solution if culture material is not available. 
Electron microscopy can show the trophozoites 
and the cyst of  Acanthamoeba.  

 Confocal microscopy has also been helpful in 
the diagnosis of in vivo  Acanthamoeba  and in the 
diagnosis of corneal stromal cysts and trophozo-
ites in vivo [ 59 ].  
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7.16.4     Management 

 Corneal debridement and removal of necrotic tissue 
can help in the healing of the ulcers, and the mate-
rial can be used for diagnosis of  Acanthamoeba  
keratitis. The debridement of  Acanthamoeba  ker-
atitis should be with combination therapy of topi-
cal neomycin ointment,    propamidine isethionate 
and one of the imidazoles (such as miconozole, 
fl uconazole, ketoconazole or intraconazole); and 
polyhexamethylenebiguanide (PHMB) [ 60 ] or  
chlorhexidine 0.02% eyedrops. Bang and associ-
ates [ 61 ] have reported successful treatment of 
three eyes with resistant  Acanthamoeba  keratitis 
with 1 % voriconazole. Voriconazole can be given 
25 μgm/0.1 ml intrastromally with a 30 g needle. 
Voriconazole has to be compounded for topical 
use at a dosage level of 1 or 2 % eye drops. 

 In patients with severe  Acanthamoeba  kerati-
tis, corneal scarring may occur, and patients may 
require PKP at a later stage when the eye has no 
evidence of infl ammation.   

7.17     Microsporidia Keratitis 

 Microsporidium is a unicellular parasite that may 
cause disease in man.     Microsporidia  are primi-
tive eukaryotes that lack mitochondria, initially 
recognized as protozoa and now regarded as 
fungi. Several intestinal organisms have shown 
to cause keratitis and keratoconjunctivitis. 
Immunocompetent and immunodefi cient indi-
viduals may acquire the disease.  Microsporidia  
are small, oval, obligate intracellular organisms 
widely distributed among both vertebrates and 
invertebrates [ 62 ]. They were believed to be pro-
tists under  Archezoa , but now they are classifi ed 
as fungi. They are opportunistic organisms. The 
ocular manifestations of microsporidiosis include 
superfi cial diffuse punctate keratitis, conjunctivi-
tis, and stromal keratitis. Immunocompromised 
individuals may develop keratoconjunctivitis [ 63 , 
 64 ]. The most commonly encountered genus is 
 Encephalitozoon encephalae dejune  while stromal 
keratitis is caused by  Nosema and Microsporidia.  
The disease starts in the corneal epithelium with 
diffuse epithelial keratitis and later may prog-

ress to cause stromal keratitis. In  Nosema  kerati-
tis, the deep stromal layers of the cornea may be 
involved and patients may show evidence of folds 
in Descemet membrane [ 65 ]. Extensive infl amma-
tory reactions are noted in the cornea and patients 
may have marked decrease in vision. 

7.17.1     Laboratory Diagnosis 

 Corneal scrapings are obtained from patients 
with keratitis, while patients with keratoconjunc-
tivitis conjunctival scrapings may be obtained. 
Corneal scrapings are placed onto clean slides 
and stained with Giemsa and Gram stains and 
   Acid-Fast stain [ 66 ]. Scrapings are also cul-
tured to rule out bacterial or fungal infections. 
 Microsporidia  cannot be cultured but can be 
seen by special stains including 1 % acid-fast 
stain, modifi ed trichrome stain, Gram stain, and 
Gomori methenamine-silver stain. The organism 
appears as small, oval bodies that are Gram neg-
ative. The corneal scrapings may be fi xed with 
2 % glutaraldehyde for electron microscopy and 
blood test for HIV 1 and 2 should be performed. 
PCR and indirect immunofl uorescent antibody 
(IFA) staining method can also be used.  

7.17.2     Management 

 Patients with  Microsporidia  keratitis should be 
given albendazole 400 mg orally twice daily for a 
period 4–6 weeks, and liver function test should 
be monitored. Patients may be treated with topi-
cal fumagillin 0.113 mg/ml eye drops initially 
every 2 h for a period of 2 weeks and later 
decreased in frequency to 4 times daily for a 
period of 6 weeks [ 67 ]. In addition, compounded 
fl uconazole or voriconazole eye drops may be 
given [ 68 ].   

7.18     Leishmaniasis 

  Leishmania  species may cause systemic or cutane-
ous disease in man.  Leishmania donovani  causes 
visceral leishmaniasis kala-azar and patients 
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with fever and hepatosplenomegaly [ 69 ], while 
 Leishmania tropica  causes localized papule (orien-
tal sore) that becomes ulcerative over a few weeks 
or months at the site of inoculation by the insect 
vector, sand fl y,  Phlebotomus  genus .  Spontaneous 
healing ensues following the development of 
immunity to the parasites. Scarring may occur. 

7.18.1     Clinical Finding 

 The sandfl y bites occur on exposed areas of the 
skin and for this reason, the face is frequently 
affected, and consequently ulceration of the 
cheeks or eyelids may occur. The main ocular 
manifestations include the lesions on the eyelid 
which may lead to cicatricial ectropion and expo-
sure keratopathy. Patients may develop nummular 
keratitis. The keratitis is due to the hypersensi-
tivity to the parasite. Cicatricial and nummular 
keratitis have been observed in patients with 
cutaneous leishmaniasis. Intraretinal hemor-
rhages have been described by some authors fol-
lowing visceral leishmaniasis [ 70 ].  

7.18.2     Laboratory Diagnosis 

 Microscopic examination of the skin scrapings 
from the base of the ulcer may reveal the pres-
ence of the  Leishmania  parasites. The slide may 
be stained with Giemsa and examined by light 
microscope.  

7.18.3     Treatment 

 Treatment of cutaneous and mucocutaneous 
leishmaniasis is with sodium stibogluconate or 
meglumine antimoniate 20 mg/kg/day for 10 
days; amphotericin B is the treatment of choice 
for visceral leishmaniasis [ 71 ]. Patients who have 
one single cutaneous lesion due to  Leishmania 
tropica  and the lesion is of no cosmetic damage 
may be treated with localized cryotherapy. On 
the other hand, these patients who developed 
generalized leishmaniasis may be given pentami-
dine isethionate with daily dose of 4 mg/kg body 
weight for a period of 2 weeks.   

7.19     Keratitis Due 
to Onchocerciasis 

 Onchocerciasis is a disease caused by  Onchocerca 
volvulus . This is a fi larial parasite. Onchocerciasis is 
also known as African river blindness, and the vec-
tor is the blackfl y  Simulium damnosum ,  yahense , 
and other subspecies of the genus  Simulium . The 
disease is common in sub-Saharan Africa and Latin 
America. Onchocerciasis is a common cause of 
infectious blindness worldwide [ 72 ]. The disease 
can be transmitted transplacentally from an infected 
mother to her fetus. 

7.19.1     Clinical Findings 

 Infected individuals with  Onchocerca volvulus  
develop subcutaneous nodules of the adult form 
of male and female  Onchocerca , and the female 
produces millions of microfi laria, but the nodules 
are on the head, and the microfi lariae migrate in 
the skin and may reach the eye. The microfi lariae 
cause conjunctivitis and keratitis. The keratitis is 
usually nummular at the site of the death of the 
microfi lariae resulting from localized infl amma-
tory reaction which is well circumscribed. The 
microfi lariae may reach the anterior chamber and 
can be seen easily with a slit lamp. The death of 
the microfi lariae in the eye leads to an infl amma-
tory reaction and may cause uveitis. In the cor-
nea, it causes punctate keratitis with localized 
infi ltration that appears as ill-defi ned (snow-
fl akes) feathery round opacity measuring 0.5 mm 
or less. The infl ammation may lead to sclerosing 
keratitis, anterior uveitis, secondary glaucoma, 
cataract, and the microfi laria may migrate to the 
posterior segment leading to chorioretinitis with 
optic atrophy with pigmented chorioretinal 
lesions [ 73 ].  

7.19.2     Laboratory Diagnosis 

 Skin snip for specimens can be taken to identify 
the  Onchocerca volvulus . Serological tests like 
ELISA and Western blot for antigen detection 
can also be used. PCR, ultrasound of the nodules, 
and sclerocorneal biopsy are also helpful.  
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7.19.3     Treatment 

 The treatment    of choice for onchocerciasis is 
ivermectin 0.2 mg/kg orally once daily. 
Ivermectin has no effect on the adult worm and 
has narrow therapeutic window and is a good 
prophylactic agent for  Onchocerca volvulus  [ 74 ]. 
Other therapeutic modalities include suramin 
diethylcarbamazine, doxycycline, rifampin, and 
azithromycin. Excision of the nodules may help 
in decreasing the load of the microfi laria. Patients 
with  Onchocerca  keratitis may require topical 
use of corticosteroids in the form of fl uorometho-
lone 0.1 % eye drops 3 times daily and cyclople-
gics during the treatment with ivermectin. This 
will reduce the photophobia and corneal infl am-
mation. The ocular pressure should be monitored. 
Patients with secondary glaucoma may be treated 
with topical beta-blockers and carbonic anhy-
drase inhibitors. PKP can be considered if vision 
is compromised from corneal scarring. 
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8.1            Introduction 

 Anterior uveitis is the most common form of 
intraocular infl ammation [ 1 – 3 ]. The disease is 
caused by immune-mediated, infectious, and 
undetermined disorders. Forty-eight percent of 
new cases of uveitis were idiopathic in a recent 
large epidemiological study [ 4 ]. With improve-
ments in molecular diagnostic techniques, viruses 
are increasingly being identifi ed as a cause of 
anterior uveitis. Viral anterior uveitis is the most 
common form of infectious anterior uveitis and 
accounts for more than 10 % of cases of anterior 
uveitis [ 5 ]. Viral etiology should be suspected in 
patients presenting with unilateral anterior uve-
itis and signs of diffuse, fi ne, stellate, or dendriti-
form keratic precipitates, ocular hypertension, 
and iris atrophy [ 6 ]. Although clinical features of 
viral anterior uveitis share common fi ndings of 
elevated intraocular pressure, patchy or sectoral 

iris atrophy, and keratic precipitates that are 
 distributed throughout the cornea, there are spe-
cifi c characteristic fi ndings depending on the 
causative viral agent. 

 Viral anterior uveitis is caused mainly by 
viruses from the  Herpesviridae  family. Herpes 
viruses are commonly encountered causes of 
infections in immunocompetent and immunocom-
promised individuals. This family includes herpes 
simplex virus (HSV) types 1 and 2, varicella zos-
ter virus (VZV), cytomegalovirus virus (CMV), 
Epstein–Barr virus (EBV), and human herpes 
virus (HHV) types 6, 7, and 8. The main viruses 
responsible for ocular infl ammation are HSV type 
1, VZV, and CMV. Epstein–Barr virus (EBV) and 
HSV type 2 have also been infrequently detected 
in ocular fl uids of patients with anterior uveitis [ 7 ].  

8.2     Herpes Simplex Virus 
and Varicella Zoster Virus 

8.2.1     Clinical Findings 

 The clinical features of intraocular infl ammation 
caused by herpes viruses share common 
 characteristics, and hence it may not be possible 
to differentiate anterior uveitis caused by HSV 
and VZV. Patients may present with or without 
keratitis. Healed corneal scar may be seen in 
some patients with herpetic uveitis. 

 Herpetic anterior uveitis is almost always uni-
lateral, and the course is acute and recurrent [ 8 ]. 
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Patients present with blurring of vision, redness, 
photophobia, and eye pain. The corneal signs 
include decreased corneal sensation and keratic 
precipitates which may appear fi ne stellate or mut-
ton fat. In case of accompanying stromal or disci-
form keratitis, keratic precipitates tend to cluster 
on the endothelium in the region of active keratitis 
[ 9 ]. Anterior chamber reaction ranges from mild 
to severe fl are and cells with hypopyon formation. 
Although hemorrhage does not occur commonly 
to be a characteristic feature of herpetic keratouve-
itis, hyphema may be observed [ 10 ]. The iris 
changes include posterior synechia and sectoral or 
diffuse iris atrophy. The increase in intraocular 
pressure which has been attributed to trabeculitis 
is temporary but may sometimes lead to glauco-
matous damage to the optic nerve head [ 11 ]. 

 Despite the clinical similarities between HSV 
and VZV anterior uveitis, some differentiating 
points do exist. The history or the presence of 
ipsilateral zoster dermatitis that involve a derma-
tome among the distribution of the ophthalmic 
nerve may suggest VZV. HSV may also lead to 
dermatitis consisting of grouped vesicles. The 
pattern of dendritic keratitis in case of corneal 
involvement may suggest the diagnosis. HSV 
dendrites have branches that terminate in end 
bulbs, while VZV pseudodendrites have heaped-
 up cells centrally that cause slight elevation with 
few end bulbs and small fi ne dendrites [ 12 ]. 

 In a study by Miserocchi et al. [ 13 ], recur-
rence occurred in 70 % of eyes with HSV. Patients 
with HSV were more likely to have a recurrence 
and required more periocular steroids than VZV 
patients, whereas VZV had a more chronic course 
and presented with more posterior segment com-
plications such as acute retinal necrosis (ARN). 
Fluorescein angiography of the iris may help in 
differentiating HSV from VZV. In VZV uveitis, 
the iris vessels are occluded at the site of atrophy, 
but in HSV uveitis, the iris circulation is intact.  

8.2.2     Laboratory Diagnosis 

 In order to effectively manage patients with ante-
rior uveitis, clear distinction between infectious 
and noninfectious etiologies should be done. Every 

effort should be made to identify the causative 
organism. This depends mainly on the clinical pic-
ture, and in cases of diagnostic uncertainty, labora-
tory investigations should be considered. Two 
types of tests are most commonly performed to 
detect the causative viral agent. The fi rst one is 
detection of specifi c antibodies in ocular fl uids. 
These antibodies which are found in the eye during 
an attack of uveitis can be either from blood due to 
disruption of the blood–aqueous barrier or due to 
intraocular synthesis by B cells [ 14 ]. Goldmann–
Witmer coeffi cient is the method which is used in 
order to detect intraocular production of antibodies. 
The second method is to detect viral genome by 
using qualitative or quantitative PCR methods. 

 Combination of these two techniques gives 
better diagnostic yield. In certain instances like 
immunocompromised states, antibody testing is 
less reliable due to the presence of concomitant 
infections. PCR is a good alternative in these 
cases. On the other hand, the PCR may be posi-
tive only at repeat taps because of the limited 
viral load in a limited volume of aqueous [ 15 ].  

8.2.3     Treatment 

 The goal of treatment of viral anterior uveitis is 
to suppress the infl ammation and prevent 
 complications. This can be achieved by using 
appropriate antiviral therapy, anti-infl ammatory 
medications, and cycloplegics to prevent syn-
echia formation during the acute phase of infl am-
mation. Control of intraocular pressure with 
topical and systemic ocular antihypertensive 
agents is necessary to control the ocular hyper-
tension, especially during the acute phase. 

 Systemic antivirals such as acyclovir, valacy-
clovir, or famciclovir are the mainstay of therapy 
in patients with severe uveitis [ 16 ]. Oral acyclo-
vir is given at a dosage level of 400 mg fi ve times 
daily for HSV and 800 mg fi ve times daily for 
VZV. Valacyclovir which is a prodrug of acyclo-
vir is given at a dose of 1,000 mg orally twice 
daily for HSV and 1 g three times daily for VZV 
[ 17 ]. Famciclovir 500 mg three times daily dem-
onstrated effi cacy similar to acyclovir 800 mg 
fi ve times daily in the treatment of ophthalmic 
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herpes zoster, but provides patients with a more 
convenient dosing regimen [ 18 ]. 

 Oral acyclovir, 600–800 mg/day, has been 
found to diminish the number of recurrences in 
patients with herpetic anterior uveitis when given 
on a long-term basis [ 19 ]. Oral acyclovir has 
been shown also to reduce the incidence and 
severity of ocular complications, including ante-
rior uveitis, when given for 10 days starting 
within 72 h of onset of skin lesions in patients 
with herpes zoster ophthalmicus [ 20 ]. 

 Topical antiviral agents are usually ineffective 
in the treatment of anterior uveitis but may be 
indicated in patients with herpes simplex kera-
touveitis to prevent dendritic keratitis during 
topical corticosteroid treatment [ 21 ]. Acyclovir 
3 % ointment four times daily was found to be 
effective in cases of herpetic iridocyclitis without 
active corneal infl ammation, as it provides good 
ocular penetration [ 22 ]. Topical ganciclovir 
0.15 % gel (Virgan®, Laboratoires Théa, 
Clermont-Ferrand, Cedex, France) may be given 
for patients with herpetic uveitis. Topical ganci-
clovir is given every 6 h for 1 month [ 23 ]. Oral 
acyclovir appears to provide benefi t over acyclo-
vir ointment because it does not blur vision. 

 Topical steroids are required to control the irido-
cyclitis. Steroids also acutely decrease intraocular 
pressure owing to their anti-infl ammatory effects 
on the trabecular meshwork. Steroids are very dif-
fi cult to discontinue in patients with herpes and 
require an extremely slow tapering process [ 11 ]. 

 Topical cycloplegic is required to prevent poste-
rior synechia formation and for inducing comfort. 
Topical and oral ocular antihypertensive agents are 
often necessary to control the ocular hypertension, 
especially during the fi rst days of treatment. The 
ocular hypertension may become chronic owing to 
infl ammation or the prolonged use of corticoste-
roids, and either long-term antihypertensive drops 
or a fi ltering procedure may be required.   

8.3     Cytomegalovirus 

 Cytomegalovirus (CMV) is a member of the 
herpes virus family. Following primary infec-
tion, CMV establishes latent infection. The 

seroprevalence of CMV antibodies ranges from 
52 to 87 % in two different studies [ 24 ,  25 ]. 

 Anterior uveitis caused by CMV may occur in 
immunocompetent patients. Anterior segment 
ocular involvement in immunocompetent indi-
viduals may occur as a unilateral anterior uveitis 
which may have either an acute recurrent course 
(resembling Posner–Schlossman syndrome), a 
chronic persistent course (resembling Fuchs uve-
itis syndrome), or as corneal endotheliitis [ 26 ]. 

8.3.1     Clinical Findings 

 Eyes with CMV anterior uveitis share common 
features such as elevated intraocular pressure, 
diffuse iris atrophy, and absence of both posterior 
synechia and posterior segment involvement. 
Despite these common features, there are some 
important differences between the acute and the 
chronic form [ 27 ,  28 ]. 

8.3.1.1     Acute Anterior Uveitis 
 Acute anterior uveitis presents with recurrent 
episodes of mild iritis and a few fi ne keratic pre-
cipitates (KPs), which are usually white and fi ne-
to- medium sized, a grade of less than 2+ (16–25 
cells) for anterior chamber (AC) cells, and epi-
thelial edema secondary to elevated intraocular 
pressure [ 28 ,  29 ]. Iris atrophy may occur, and it is 
either patchy or diffuse and is present in 15 % of 
eyes. The eye may be quiet with normal intraocu-
lar pressure between attacks [ 29 ].  

8.3.1.2     Chronic Anterior Uveitis 
 The keratic precipitates in eyes with chronic uve-
itis are more numerous and diffusely distributed. 
There is usually a mixture of different-sized 
keratic precipitates occasionally, even of mutton- 
fat appearance. The anterior chamber cellular 
reaction, again, is generally mild, with 2+ cells or 
less. Elevated intraocular pressure is a prominent 
feature [ 29 ]. Patients with chronic uveitis tend to 
be older than those with acute recurrent uveitis; 
the intraocular pressure elevation is lower than 
eyes with acute recurrent uveitis. Diffuse iris 
atrophy and cataracts are more common in eyes 
with chronic persistent disease [ 29 ].  
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8.3.1.3     Corneal Endotheliitis 
 Unlike eyes with anterior uveitis, the KPs in 
eyes with corneal endotheliitis tend to be pig-
mented and are often arranged in a linear or 
coin-shaped pattern. The linear KPs tend to 
occur at the leading edge of the stromal edema. 
The coin-shaped KPs are usually medium sized 
and arranged in a circular pattern around an area 
of corneal edema [ 30 ].   

8.3.2     Laboratory Findings 

 There are no specifi c clinical features for the 
diagnosis of CMV infection. The diagnosis can 
only be confi rmed on aqueous sampling for evi-
dence of intraocular CMV. CMV in the anterior 
chamber can be detected by PCR or detection of 
intraocular production of CMV-specifi c antibod-
ies. Combination of both these techniques will 
improve the yield of tests. In some cases, the 
detection of the viral genome by PCR may be dif-
fi cult because of the limited viral load in a small 
specimen or due to a short-lived release of the 
virus [ 7 ,  31 ].  

8.3.3     Treatment 

 Topical ganciclovir was originally developed for 
the treatment of herpetic keratitis, but it has been 
found to achieve high concentrations in the cor-
nea, iris tissue, and aqueous, especially with the 
0.2 % gel [ 32 ]. Ganciclovir 0.15 % gel is avail-
able as Virgan (Laboratoires Théa, Clermont- 
Ferrand, Cedex, France). Ganciclovir or 
valganciclovir has been the fi rst line of treatment 
of CMV anterior segment infection. Various 
routes for administration of ganciclovir exist 
including topical, systemic administration, and 
intraocular treatment using intravitreal implants 
or intravitreal injections [ 33 ]. 

 Chee and Jap [ 33 ] reported that long-term 
topical ganciclovir 0.15 % application resulted in 
a lower recurrence rate and less severe adverse 
effects as compared to systemic ganciclovir or 
device implantation. Therefore, they suggested 
topical ganciclovir therapy in CMV anterior 

 uveitis. Ganciclovir gel has a relatively low 
response rate [ 33 ]. Although the response to sys-
temic antiviral therapy is high (up to 75 % of 
affected patients), the relapse rate has also been 
high, and a prolonged period of treatment may be 
required [ 33 ]. Intravitreal ganciclovir injection as 
a loading dose with or without subsequent oral 
valganciclovir in patients with CMV anterior 
uveitis was found to control the infl ammation and 
IOP [ 34 ]. 

 As in HSV and HZV anterior uveitis, topical 
steroids may be needed to control the infl amma-
tion. Ocular antihypertensive medications or 
even fi ltering surgery may be needed to control 
the elevated intraocular pressure.   

8.4     Epstein–Barr Virus 

 Epstein–Barr virus (EBV) is a member of the 
herpes virus group. It is ubiquitous virus and the 
majority of the adult population are infected. 
Individuals are usually infected through saliva 
during adolescence. EBV infection leads to 
infectious mononucleosis. Patients may develop 
pharyngitis, fever, skin rash, and lymphadenopa-
thy. The role of EBV in the pathogenesis of ocu-
lar disease is still controversial. It has been 
associated with a variety of ocular infl ammatory 
diseases, such as conjunctivitis, keratitis, uveitis, 
choroiditis, and retinitis [ 35 ]. 

 The clinical features include a prodrome of 
fl ulike illness. The disease is characterized by 
severe acute anterior uveitis with fi brinous exu-
dates which may become granulomatous in the 
chronic stage. The vitreous shows little infl am-
mation. Fundus fi ndings show hyperemia and 
edema of the disk, sunset glow fundus which may 
simulate Harada disease in the adults, and retinal 
pigment epithelial disorders [ 36 ,  37 ]. 

8.4.1     Laboratory Testing 

 The high incidence of elevated antibody titers to 
Epstein–Barr virus in patients with uveitis sug-
gests that uveitis might be a disease accompanied 
by EBV reactivation. Again combination of both 
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PCR and detection of local antibody production 
in the ocular fl uids will enhance the diagnostic 
yield [ 35 ,  38 ].  

8.4.2     Treatment 

 No effi cient therapy against EBV has been docu-
mented. Based on its antiviral and immunomodu-
latory effects, interferon alpha may represent a 
new therapeutic approach for these patients [ 39 ].   

8.5     Rubella Virus 

 The rubella virus is an enveloped RNA virus 
which is classifi ed as a  Rubivirus  in the 
 Togaviridae  family. Rubella is an acute disease 
characterized by a generalized erythematous 
maculopapular rash, generalized lymphadenopa-
thy, and low-grade fever. 

 The anterior uveitis caused by rubella virus 
induces a distinct clinical spectrum of ocular 
symptoms similar to Fuchs uveitis syndrome 
(FUS), which suggests that rubella virus might be 
involved in the pathogenesis of FUS [ 40 ,  41 ]. 

 As mentioned earlier, chronic anterior uveitis 
caused by CMV was found also to induce a clini-
cal picture similar to FUS. Interestingly, the cases 
of FUS that were reported from Europe were 
strongly associated with rubella and those from 
Asia were associated with CMV [ 28 ,  29 ].  

8.6     Fuchs Uveitis Syndrome 

 Fuchs uveitis syndrome is a chronic persistent 
cause of anterior uveitis. It occurs more com-
monly in the third and fourth decades of life with 
an equal gender distribution. Patients may com-
plain of fl oaters or blurring of vision. The diag-
nosis may be delayed due to the mild nature of 
the infl ammation, and vision may be decreased 
from cataract. The keratic precipitates are dif-
fuse, fi ne, stellate, and white; the iris shows dif-
fuse atrophy and heterochromia. The iris and 
trabecular meshwork show abnormal vessels that 
may sometimes lead to a hyphema. Synechia 

 formation is uncommon. Vitritis and sectoral 
peripheral retinal vascular leakage with disk 
hyperfl uorescence may be seen [ 42 ]. Cataract, 
mainly posterior subcapsular, and glaucoma may 
occur in longstanding cases [ 43 ]. 

 Rubella can induce uveitis during childhood 
in the unvaccinated children [ 44 ]. Maternal 
rubella is now rare in many developed countries 
because of rubella vaccination programs. 
However, in areas where the vaccine is not avail-
able, congenital rubella syndrome (CRS) remains 
a major cause of developmental anomalies, par-
ticularly blindness and deafness [ 45 ]. 

8.6.1     Laboratory Testing 

 Intraocular production of antibodies against the 
rubella virus may be determined in the aqueous. 
The Goldmann–Witmer ratio can be detected in 
almost 90 % of patients with FUS. Rubella virus 
can be also detected by polymerase chain reac-
tion [ 46 ,  47 ].  

8.6.2     Treatment 

 No specifi c antiviral treatment is available to 
modulate the clinical course of anterior uveitis 
due to rubella. Treatment is symptomatic. Topical 
steroids may be used to control the intraocular 
infl ammation. The risk of developing cataract 
and secondary glaucoma should be considered 
due to the chronic nature of the infl ammation. 
Topical nonsteroidal anti-infl ammatory drugs are 
good alternatives in cases that require extended 
periods of treatment. The long-term prognosis is 
good, and patients usually maintain a visual acu-
ity of 20/40 or better [ 43 ].   

8.7     Chikungunya Virus 

 Chikungunya is an RNA virus belonging to fam-
ily  Togaviridae , genus  Alphavirus . Chikungunya 
(CHIK) fever is a re-emerging viral disease char-
acterized by abrupt onset of fever with severe 
arthralgia followed by constitutional symptoms 
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and rash lasting for 1–7 days. The disease is 
almost self-limiting and rarely fatal [ 48 ]. The dis-
ease is prevalent in eastern Africa. 

 The main ocular manifestations of chikungu-
nya virus infection include granulomatous or 
nongranulomatous anterior uveitis, episcleritis, 
optic neuritis, retrobulbar neuritis, and retinitis. 
The visual prognosis is generally good, with 
most patients recovering good vision [ 49 ,  50 ]. 

 Interestingly, chikungunya virus has been 
reported in association with a case of bilateral 
Fuchs heterochromic iridocyclitis [ 51 ].  

8.8     Parechovirus 

    Human parechoviruses have been recently associ-
ated with anterior uveitis. They belong to the genus 
 Parechovirus  within the family of  Picornaviridae . 
Systemically, they may cause gastroenteritis, 
encephalitis, and fl accid paralysis in young chil-
dren, but rarely in adults. Human parechoviruses 
cause unilateral anterior uveitis with corneal 
involvement and cells in the anterior chamber [ 52 ]. 
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9.1            Introduction 

 Tuberculosis (TB) is a slowly progressive 
chronic, granulomatous infection caused by 
 Mycobacterium tuberculosis  [ 1 ]. This acid-fast 
bacillus usually affects the lungs, but can also 
affect other organs and systems like the cardio-
vascular system, gastrointestinal system, muscu-
loskeletal system, genitourinary tract, central 
nervous system, skin, and eyes [ 2 ,  3 ]. 

 Epidemiologic data for ocular tuberculosis are 
unreliable. This is due to the lack of standardized 
diagnostic criteria and the diffi culty in confi rm-
ing the diagnosis by laboratory methods. Among 
all causes of uveitis, incidence of ocular tubercu-
losis ranges from as low as 1.1–10.5 % [ 4 – 24 ]. In 
a series of 351 patients admitted to King 
Abdulaziz University Hospital in Riyadh, Saudi 
Arabia, with the diagnosis of panuveitis or poste-
rior uveitis, 28.2 % of the patients were diag-
nosed to have presumed tuberculous uveitis [ 25 ].  

9.2     Clinical Features 

 Clinically, intraocular TB can be due to direct 
infection or indirect immune-mediated hyper-
sensitivity response to mycobacterial antigens 
when there is no defi ned active systemic lesion 
elsewhere or the lesion is thought to be inactive 
[ 26 – 30 ]. Intraocular TB is a great mimicker of 
various uveitis entities. The clinical manifesta-
tions of intraocular TB include acute anterior uve-
itis, chronic granulomatous anterior uveitis which 
may be associated with iris or angle granulomas, 
mutton-fat keratic precipitates and posterior 
synechiae (Figs.  9.1 ,  9.2 , and  9.3 ), intermediate 
uveitis, vitritis, macular edema (Fig.  9.3 ), retinal 
vasculitis (Figs.  9.4 ,  9.5 , and  9.6 ), neuroretinitis, 
solitary or multiple  choroidal  tubercles,  multifocal 
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  Fig. 9.1    Slit-lamp biomicroscopy of a 42-year-old 
woman with strongly positive tuberculin skin test (24 mm 
induration) shows mutton-fat keratic precipitates and pos-
terior synechiae       
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choroiditis (Figs.  9.7  and  9.8 ),  choroidal granu-
lomas (Fig.  9.9 ), serpiginous-like choroiditis 
(Fig.  9.10 ), subretinal abscess, endophthalmitis, 
and panophthalmitis [ 26 – 45 ].

            Choroidal tubercles and tuberculomas (large, 
solitary masses) are reported to be the most com-
mon intraocular manifestations of TB. The pres-
ence of choroidal tubercles is indicative of 
hematogenous seeding of bacilli [ 27 ]. There may 
be an overlying exudative retinal detachment. 
The differential diagnosis includes sarcoid gran-
ulomas, syphilitic gummas, and metastatic 
tumors. Choroidal TB might also present as mul-
tifocal progressive choroiditis, which shows pro-
gression to confl uent, diffuse choroiditis with an 
active edge or diffuse choroiditis with amoeboid 
pattern and a leading edge. These morphologic 
presentations resemble serpiginous choroiditis 
[ 34 ,  38 ,  45 ]. 

 Tuberculous retinal vasculitis is typically an 
obliterative periphlebitis affecting the retina in 
multiple quadrants, starting at or anterior to the 
equator and progressing posteriorly. Occasionally, 
it can begin close to the optic nerve head, mim-
icking a vein occlusion. Ophthalmoscopic fi nd-
ings vary and depend on the stage of the disease. 
Initially, it presents as active retinal periphlebitis 
with thick exudates around the retinal veins asso-
ciated with retinal hemorrhages and hemorrhagic 
infarction of the retina. Active retinal periphlebi-
tis is associated with mild degree of cellular infi l-
trate in the anterior chamber and mild  vitreous 

infi ltrate. Healed periphlebitis results in scle-
rosed venules and abnormal vascular anastomo-
sis. The periphlebitis may cause nonperfusion of 
a substantial portion of the retina that may lead to 
proliferative vascular retinopathy with sequelae 
such as recurrent vitreous hemorrhage, traction 
retinal detachment, rubeosis iridis, and neovas-
cular glaucoma [ 26 ,  31 ,  36 ]. Several studies 
reported that clinical signs signifi cantly associ-
ated with presumed tuberculous uveitis include 
extensive posterior synechiae, retinal vasculitis 
with or without choroiditis, severe vitritis, and 
serpiginous- like choroiditis [ 46 ,  47 ]. Of these 
various intraocular changes, the most common 
clinical presentation appears to be panuveitis and 
posterior uveitis [ 43 ].  

9.3     Diagnosis 

 In recent years, ocular involvement due to TB has 
reemerged associated with an increasing preva-
lence of TB. A high index of clinical suspicion 
is essential for the early diagnosis of tuberculous 
uveitis. Late diagnosis and delay in management 
can result in loss of the eye and can even be life 
threatening in severe conditions. The diagno-
sis should be considered by the ophthalmologist 
when unexplained chronic uveitis with the char-
acteristic clinical signs occur that promptly recurs 
upon tapering corticosteroid and/or immunosup-
pressive therapy. Tuberculous retinal vasculi-
tis should be suspected in the presence of fl orid 
retinal periphlebitis with marked capillary closure 
with a relatively mild degree of vitreous cellular 
infi ltrate, particularly in patients of Asiatic origin: 
genetic predisposition may account for the propen-
sity to develop retinal vasculitis in these patients 
[ 26 ]. Most patients with ocular involvement have 
no history of pulmonary or other systemic forms 
[ 26 ,  27 ,  35 ,  40 ,  43 ], making a defi nitive diag-
nosis diffi cult. Therefore, tuberculous uveitis is 
frequently misdiagnosed, and the disease is rec-
ognizable after a very long diagnostic delay [ 40 ].
The absence of clinically evident pulmonary TB 
does not rule out the possibility of ocular TB, as 
about 60 % of patients with extrapulmonary TB 
have no evidence of pulmonary TB [ 48 ]. 

  Fig. 9.2    Slit-lamp biomicroscopy of a 24-year-old 
woman with strongly positive tuberculin skin test (28 mm 
induration) shows interstitial keratitis and mutton-fat 
keratic precipitates       
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 The diagnosis of ocular involvement with TB 
is considered in the setting of (1) isolation of  M. 
tuberculosis  from ocular fl uid or tissue specimen 
by a microbiologic or histopathologic study. 
However, the process is prolonged as it may take 
several weeks before culture results become 
available for starting specifi c therapy. Moreover, 

obtaining biopsy specimens from intraocular tis-
sues for making a confi rmatory histopathological 
diagnosis is diffi cult with potential morbidity 
associated with obtaining the biopsy material 
from the eye, (2) as presumed ocular disease sug-
gestive of TB with proven active systemic dis-
ease, or (3) as presumed ocular disease without 

  Fig. 9.3    A 32-year-old man with strongly positive tuber-
culin skin test (24 mm induration). Slit-lamp biomicros-
copy shows bilateral iris nodules ( a ). Fundus photographs 
show disk swelling and hyperemia ( b ). Fluorescein angi-
ography shows leakage from the optic nerve head and reti-
nal vessels and cystoid macular edema ( c ). Indocyanine 

green angiography shows choroidal hypofl uorescent areas 
( d ). Optical coherence tomography shows cystoid macu-
lar edema. Visual acuity was 20/100 ( e ). Two months after 
starting antituberculous therapy and systemic corticoste-
roids, optical coherence tomography displays reduction of 
macular edema. Visual acuity improved to 20/30 ( f )         
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  Fig. 9.4    Right eye of a 29-year-old man with strongly 
positive tuberculin skin test (24 mm induration) shows 
thick perivenous sheathing with intraretinal hemorrhage 

( left ). Fluorescein angiography shows leakage from the 
retinal veins ( right )       

e f

d

Fig. 9.3 (continued)

 

A.M. Abu El-Asrar et al.



107

evidence of active systemic disease [ 26 ]. In the 
last two situations, the diagnosis of ocular TB 
remains largely presumptive. Because of the dif-
fi culty in obtaining microbiologic evidence, in 
nearly all reported cases, the diagnosis of intra-
ocular TB was only presumptive [ 26 ,  29 ,  30 , 
 32 – 37 ,  40 ,  42 ]. 

 In most studies, the diagnostic criteria for pre-
sumed tuberculous uveitis were [ 26 ,  29 ,  30 ,  32 –
 37 ,  40 ,  43 ]: 
    1.    Ocular fi ndings consistent with possible intra-

ocular TB with no other cause of uveitis sug-
gested by history of symptoms or ancillary 
testing   

   2.    Strongly positive tuberculin skin test results 
(≥15 mm area of induration/necrosis)   

   3.    Response to antituberculous therapy with 
absence of recurrences    
  Tuberculin skin test remains a vital part 

of systemic workup for uveitis patients as it 
 provides supportive information when clini-
cal signs and symptoms suggest TB. The test 
is carried out by injecting 5 tuberculin units 
intradermally to raise a wheal of 6–10 mm in 
diameter. Any induration is measured after 
48–72 h. An induration of less than 5 mm is 
considered a negative result. The specifi city 
of the tuberculin skin test for  M. tuberculosis  

  Fig. 9.5    Left eye of a 27-year-old man with strongly 
positive tuberculin skin test (16 mm induration) shows 
thick perivenous sheathing and intraretinal hemorrhages. 

Fluorescein angiography shows leakage from the retinal 
veins and retinal nonperfusion ( bottom left )       
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  Fig. 9.6    Left eye of a 22-year-old man with strongly 
positive tuberculin skin test (22 mm induration) shows 
perivenous sheathing and intraretinal hemorrhages ( top 
left ) and peripheral sclerosed vessels and fi brovascular 

proliferation ( top right ). Fluorescein angiography shows 
leakage from the retinal vessels ( bottom left ), peripheral 
retinal nonperfusion, and leakage from the peripheral 
neovessels ( bottom right )       
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  Fig. 9.7    Left eye of a 50-year-old woman with strongly 
positive tuberculin skin test (26 mm induration) shows 
multifocal choroiditis and disk swelling and hyperemia. 
Visual acuity was 20/100 ( a ). MP-1 microperimetry 
shows reduced sensitivity. The mean central retinal sensi-
tivity was 1.1 decibels (dB). Color-coded, numeric scale 
shows the threshold in 2 dB steps from 0 to 20 dB. Normal 
sensitivity is indicated by green color and decreased sen-
sitivity is indicated by red color ( b ). Optical coherence 
tomography shows exudative retinal detachment ( c ). On 
fl uorescein angiography, the lesions are hypofl uorescent 
in the early phase ( d ) and hyperfl uorescent in the late 

phase ( e ). The optic nerve head shows leakage and stain-
ing. Indocyanine green angiography shows that the lesions 
are hypofl uorescent throughout ( f ,  g ). Note that the lesions 
on indocyanine green angiography are more numerous 
than on fl uorescein angiography. Six months after starting 
antituberculous therapy and systemic corticosteroids, 
visual acuity improved to 20/30. Fundus photography 
shows resolution of the lesions ( h ). The mean central reti-
nal sensitivity improved to 11.1 dB ( i ). Optical coherence 
tomography displays resolution of exudative retinal 
detachment ( j )         
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increases with larger skin reactions (Fig.  9.11 ) 
and with a history of exposure to an active case 
of TB [ 27 ]. It is important to note that the effect 
of neonatal vaccination with bacilli Calmette-
Guérin (BCG) on tuberculin skin test declines 
over the fi rst 7 years of life. In addition, it was 
demonstrated that an induration greater than 
14 mm is unlikely to be due to prior BCG vac-
cination [ 49 ].

   Interferon (IFN)-γ release assays are con-
sidered highly specifi c for  M. tuberculosis  
because they are not confounded by prior vac-
cination for TB. A recent study [ 50 ] raised con-
cerns about the sensitivity of QuantiFERON-TB 
Gold assay (QuantiFERON-TB Gold In-Tube, 
Cellestis, Carnegie, Australia) for detection of 
latent TB infection. In addition, another study 
demonstrated that there was no statistically 
signifi cant  difference in specifi city between 
QuantiFERON-TB Gold assay and tubercu-
lin skin test and that QuantiFERON-TB Gold 
assay may be less sensitive than the tuberculin 
skin test using a 15-mm induration cutoff value 
[ 51 ]. Kurup et al. [ 52 ] reported no demon-
strable advantage of QuantiFERON-TB Gold 
test over tuberculin skin test for detection of 

latent TB infection in patients with granulo-
matous uveitis. Recently, Ang et al. [ 53 ] dem-
onstrated that QuantiFERON-TB Gold assay 
was not superior to tuberculin skin test in sen-
sitivity as a screening test or fi rst-line study in 
TB-related uveitis. Similarly, Babu et al. [ 54 ] 
showed that QuantiFERON-TB Gold test is not 
specifi c for intraocular TB. In addition, Gineys 
et al. [ 55 ] showed a signifi cantly higher median 
QuantiFERON-TB Gold value in a group of 
tuberculous uveitis patients with a success-
ful therapeutic response to full antituberculous 
treatment compared to the group with treat-
ment failure. A recent study showed that TB 
history or contact in the past and associated 
retinal vasculitis were signifi cantly associated 
with tuberculosis- related uveitis. Sensitivity 
and specifi city of the  tuberculin skin test and 
QuantiFERON-TB Gold assay did not differ sig-
nifi cantly with fair  agreement [ 56 ]. 

 Polymerase chain reaction (PCR) is a molecu-
lar technique used to detect mycobacterial DNA 
in clinical specimens. The false-positive PCR 
results and the low specifi city of PCR might 
challenge the understanding of PCR results [ 57 ]. 
Aqueous, vitreous, and epiretinal membranes 
from patients with presumed TB uveitis are 

ih j

Fig. 9.7 (continued)

  Fig. 9.8    A 30-year-old woman with strongly positive 
tuberculin skin test (30 mm induration). Fundus photo-
graphs show multifocal choroiditis. Visual acuity was 
20/80 in the right eye and 20/30 in the left eye ( a ). 
Fluorescein angiography shows that the lesions are hypo-
fl uorescent in the early phase and hyperfl uorescent in the 
late phase ( b ). Indocyanine green angiography shows that 
the lesions are hypofl uorescent throughout ( c ). Note that 

the lesions on indocyanine green angiography are more 
numerous than on fl uorescein angiography. At presenta-
tion, the mean central retinal sensitivity was 3.5 dB in the 
right eye and 8.0 dB in the left eye ( d ). Two months after 
starting antituberculous therapy and systemic corticoste-
roids, the mean central retinal sensitivity improved to 
7.3 dB in the right eye and 13 dB in the left eye. Visual 
acuity improved to 20/20 in both eyes ( e )           
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Fig. 9.8 (continued)
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used as specimens for PCR. However, sensitiv-
ity was reported to be low [ 33 ]. Enzyme-linked 
 immunosorbent assay detection of IgG antibod-
ies against purifi ed cord factor prepared from  M. 
tuberculosis  may be useful to support the diagno-
sis of presumed tuberculous uveitis [ 30 ]. Chest 
computed tomography (CT) is more sensitive in 
detecting presence, dimensions, and activity of 
tuberculous mediastinal lymphadenopathy which 
routine chest x-rays cannot detect in patients 
with presumed TB uveitis [ 58 ]. Recently, it was 
demonstrated that the use of positron emission 
tomography/CT is useful to identify lesions 
appropriate for biopsy and helps to establish the 
diagnosis [ 59 ].  

9.4     Treatment 

    Our recommended therapy for tuberculous uve-
itis consists of isoniazid 5 mg/kg/day, rifampi-
cin 450 mg/day if body weight is <50 kg 
and 600 mg if the weight is greater than 50 kg, 
ethambutol 15 mg/kg/day, and pyrazinamide 
25–30 mg/kg/day initially for 2 months. 
Thereafter, rifampicin and isoniazid are used for 
another 7 months. Oral prednisone is added at a 
dose of 1 mg/kg/day until a clinical response is 
seen, then a slow reduction is established [ 60 ]. 
This treatment is effective in inducing resolu-
tion of infl ammation without any recurrence 
after stopping antituberculous therapy and 
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  Fig. 9.9    Left eye of a 37-year-old man with strongly pos-
itive tuberculin skin test (18 mm induration). Visual acuity 
was measured by counting fi ngers at 3 ft. Fundus photo-
graphs shows subretinal amelanotic choroidal mass with 
exudative retinal detachment ( a ). Fluorescein angiography 
shows that the lesion is hypofl uorescent in the early phase 
and hyperfl uorescent in the late phase ( b ). Indocyanine 
green angiography shows that the lesion is hypofl uores-
cent throughout ( c ). Optical coherence tomography shows 

exudative retinal detachment ( d ). Ultrasonography shows 
a solid elevated mass lesion on B-scan and a low internal 
refl ectivity on A-scan ( e ). Two months after starting anti-
tuberculous therapy and systemic corticosteroids. Visual 
acuity improved to 20/25. Fundus photography shows res-
olution of the granuloma and chorioretinal scar. Optical 
coherence tomography displays resolution of exudative 
retinal detachment ( f )         
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 systemic corticosteroids. In addition, this treat-
ment regimen induced a signifi cant reduction in 
central macular thickness associated with sig-
nifi cant improvement in visual acuity in eyes 
with macular edema (Fig.  9.3 ) [ 43 ]. We recently 

showed that antituberculous therapy combined 
with systemic corticosteroids improves central 
retinal sensitivity and fi xation characteristics in 
patients with presumed tuberculous choroiditis 
(Figs.  9.7  and  9.8 ) [ 61 ]. 
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10.1           Introduction 

 Syphilis is a multisystem chronic bacterial infec-
tion caused by the gram-negative spirochete 
 Treponema pallidum . The disease is most often 
transmitted during sexual contact. Congenital 
syphilis is transmitted through the placenta infec-
tion after the tenth week of pregnancy. Despite 
effective antibiotic treatment, the incidence of 
syphilis infection around the world is on the rise, 
with over 90 % of which are reported in develop-
ing nations, mostly in sub-Saharan Africa and 
Asia [ 1 ]. In the developed world, there have been 
alarming increases in the rates of syphilis infec-
tion in recent years, and this may be related to the 
post-AIDS/HAART era, with a growing pool of 
HIV-positive patients [ 2 – 4 ]. In fact, concurrent 
HIV infection is shown to be a risk factor for 
syphilis, with infection rates fi ve to seven times 
higher in HIV- positive patients compared with 
the rate in the general population [ 5 ]. The most 
common ocular fi nding of syphilis is uveitis, 
occurring in 2.5–5 % of patients with tertiary 
syphilis and in 1–2 % of all uveitis cases [ 6 ]. 

Uveitis can occur at all stages of the infection 
including primary syphilis [ 7 ].

10.2      Clinical Features 

10.2.1    Acquired Syphilis 

 The natural history of untreated acquired syphilis 
has been divided into four stages: primary, sec-
ondary, latent, and tertiary syphilis. Primary 
syphilis follows an incubation period of approxi-
mately 3 weeks and is characterized by a chan-
cre, which is a painless, solitary lesion that 
originates at the site of inoculation, resolving 
spontaneously within 12 weeks regardless of 
treatment [ 8 ]. The central nervous system may be 
seeded with treponemes during this period, 
although there is an absence of neurologic fi nd-
ings. Secondary syphilis occurs 6–8 weeks later 
and is heralded by the appearance of lymphade-
nopathy and a generalized maculopapular rash 
that may be prominent on the palms and soles. 
This is followed by a latent period ranging from 
1 year to decades [ 8 ]. Approximately one-third of 
untreated patients develop tertiary syphilis, 
which can be divided into a more benign local-
ized granulomatous reaction, the gumma, and a 
severe diffuse infl ammation involving primarily 
the cardiovascular and central nervous systems. 

 Ocular syphilis may present in a wide variety 
of infl ammatory manifestations, refl ecting its 
 status as “the Great Imitator.” The ocular 
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 infl ammation may be unilateral or bilateral and 
may affect both the anterior and posterior seg-
ments. Anterior uveitis may be nongranuloma-
tous or granulomatous and may be associated 
with iris roseola, vascularized papules, large red 
nodules, and gummata. Other fi ndings include 
episcleritis, scleritis, interstitial keratitis, poste-
rior synechiae, lens dislocation, and iris atrophy 
[ 9 – 11 ]. 

 Posterior segment fi ndings of acquired syphi-
lis include vitritis, chorioretinitis, focal or multi-
focal retinitis, necrotizing retinitis, retinal 
vasculitis, exudative retinal detachment, and 
optic neuropathy [ 8 – 10 ,  12 – 15 ]. 

  A syphilitic posterior placoid chorioretinitis 
has been described, with clinical appearance and 
angiographic characteristics that are thought to 
be pathognomonic of secondary syphilis [ 16 ,  17 ]. 
Solitary or multifocal, macular or papillary, plac-
oid, yellowish-gray lesions at the level of the reti-
nal pigment epithelium (RPE), often with 
accompanying vitritis, display corresponding 
early hypofl uorescence and late staining, along 
with retinal perivenous staining on fl uorescein 
angiography (FA) (Fig.  10.1 ) [ 16 ,  17 ]. 
Indocyanine green angiography may show late- 
phase scattered hyperfl uorescent spots [ 18 ].

   Patients with acute syphilitic posterior placoid 
chorioretinitis show characteristic outer retinal 
abnormalities on SD OCT imaging including dis-
ruption of the inner segment/outer segment band, 

nodular thickening of the RPE with loss of the 
linear outer segment/RPE junction, and, in some 
cases, loss of the external limiting membrane, 
accumulation of subretinal fl uid, and punctate 
hyperrefl ectivity in the choroid [ 19 ,  20 ]. 

 Syphilitic uveitis can also manifest as retinitis 
without choroidal involvement, involving the 
posterior pole or the periphery (Fig.  10.2 ). The 
retinitis may be associated with vasculitis, papil-
litis, and vitritis with minimal if any anterior seg-
ment infl ammation [ 14 ]. In addition to vessel 
wall staining and vascular and optic nerve leak-
age, FA may reveal intraretinal lesions in the 

a b

  Fig. 10.1    ( a ) Red-free photograph of the left eye reveals 
an active, nonelevated, placoid, outer retinal lesion in the 
macula. ( b ) Late-phase fl uorescein angiogram shows a 

geographic hyperfl uorescent area and optic disk leakage 
(Courtesy, Bahram Bodaghi)       

  Fig. 10.2    Late-phase fl uorescein angiogram shows mul-
tiple peripheral hyperfl uorescent areas of retinitis. 
(Courtesy, Bahram Bodaghi)       
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areas of retinitis. Punctate retinitis with inner 
retinal and preretinal white dots is a possible fea-
ture of ocular syphilis [ 12 ,  15 ,  21 ].

   Syphilis can present as a necrotizing retinitis 
in the midperiphery and peripheral retina and 
may resemble acute retinal necrosis or progres-
sive outer retinal necrosis [ 22 ]. 

 Isolated retinal vasculitis that affects the reti-
nal arterioles, capillaries, and larger arteries or 
veins, or both, is another feature of syphilitic 
intraocular infl ammation that may best be appre-
ciated on FA. Focal retinal vasculitis may mas-
querade as a branch retinal vein occlusion. 

 Neuro-ophthalmic manifestations of syphilis 
include the Argyll Robertson pupil, ocular motor 
nerve palsies, isolated papillitis, optic neuropa-
thy, neuroretinitis, and retrobulbar optic neuritis, 
which all appear most often in patients with ter-
tiary syphilis or in neurosyphilis. Progressively 
visual loss secondary to optic atrophy can be seen 
as a manifestation of tertiary syphilis [ 6 ]. 

 Ocular involvement in syphilis patients with 
HIV infection in the HAART era is more fre-
quently bilateral and seems to involve the 
posterior segment more often with high frequen-
cies of posterior uveitis, posterior placoid chorio-
retinitis, necrotizing retinitis, and optic nerve 
involvement [ 7 ,  10 ,  23 – 26 ].  

10.2.2    Congenital Syphilis 

 Ocular infl ammatory signs of syphilis may pres-
ent at birth or decades later and include uveitis, 
interstitial keratitis, optic neuritis, glaucoma, and 
congenital cataract. A multifocal chorioretinitis 
and, less commonly, retinal vasculitis are the 
most frequent uveitic manifestations of early 
congenital infection [ 8 ]. Consequently, a bilateral 
“salt and pepper” fundus may develop, affecting 
the peripheral retina, posterior pole, or a single 
quadrant. These changes are not progressive, and 
the patient may have normal vision. A less com-
monly described funduscopic variation is that of 
a bilateral secondary degeneration of the RPE, 
which may mimic retinitis pigmentosa with nar-
rowing of the retinal and choroidal vessels, optic 
disk pallor with sharp margins, and morphologi-
cally variable deposits of pigment [ 8 ].   

10.3    Laboratory Investigations 

 The diagnosis of syphilitic uveitis is usually based 
on history and clinical presentation and is supported 
by a combination of  Treponema - specifi c  tests, 
such as the Venereal Disease Research Laboratory 
(VDRL) and rapid plasma reagin (RPR), and non-
treponemal tests, such as the fl uorescent trepone-
mal antibody-absorption test (FTA-ABS) and  T. 
pallidum  particle agglutination test (TP-PA) [ 10 ]. 

 False-positive nontreponemal and treponemal 
test results may be seen in case of systemic lupus 
erythematosus, leprosy, advanced age, intrave-
nous drug abuse, bacterial endocarditis, 
tuberculosis, vaccinations, infectious mononu-
cleosis, HIV infection, atypical pneumonia, 
malaria, pregnancy, rickettsial infections, and 
other spirochetal infections [ 10 ]. Subsequently, 
the use of only one serological test is insuffi cient 
in making the diagnosis. Patients should be ini-
tially tested using one of the nontreponemal tests, 
with the treponemal tests used to confi rm a posi-
tive result. 

 RT-PCR for  Treponema pallidum  in aqueous 
humor or vitreous may be useful to confi rm syph-
ilitic uveitis [ 27 ,  28 ]. 

 Testing for HIV should be performed in all 
patients with syphilis, given the high frequency 
of coinfection [ 7 ,  23 ].  

10.4    Differential Diagnosis 

 Syphilis is one of the great masqueraders of 
 medicine and should be always considered in the 
differential diagnosis of any intraocular infl am-
matory disease [ 6 ].  

10.5    Treatment 

 Patients with syphilitic uveitis should be consid-
ered as having a CNS disease, requiring neuro-
logic dosing regimens regardless of immune 
status. The recommended treatment is 18–24 mil-
lion units (MU) of aqueous crystalline penicillin 
G per day, administered as 3–4 MU intravenously 
(IV) every 4 h or as a continuous infusion for 
10–14 days [ 10 ]. Alternatively, ocular syphilis 
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may be treated with 2.4 MU/day of intramuscular 
procaine penicillin plus probenecid 500 mg four 
times a day, both for 10–14 days. In the late stage, 
this may be followed by intramuscular benza-
thine penicillin G 2.4 MU weekly for up to 3 
weeks [ 9 ,  10 ]. 

 The recommended treatment regimen for con-
genital syphilis in infants during the fi rst months 
of life is intravenous crystalline penicillin G at 
100.000–150.000 units/kg/day, administered as 
50.000 units/kg/day every 12 h during the fi rst 7 
days of life and every 8 h thereafter, for a total of 
10 days [ 8 ]. Alternatively, intramuscular pro-
caine penicillin G, 50.000 U/kg in a single daily 
dose for 10 days may be used. 

 Alternative treatments in penicillin-allergic 
patients who show no signs of neurosyphilis and 
who are HIV negative include doxycycline and 
tetracycline [ 9 ]. Ceftriaxone 2 g IV or IM daily 
for 10–14 days have been reported to be an effec-
tive alternative in patients with ocular syphilis 
who are penicillin allergic and HIV coinfected 
[ 9 ,  10 ]. 

 Patients should be monitored for the develop-
ment of the Jarisch-Herxheimer reaction, a 
hypersensitivity response of the host to trepone-
mal antigens that are released in large numbers as 
spirochetes are killed during the fi rst 24 h of 
treatment [ 9 ,  10 ,  29 ]. Patients present with con-
stitutional symptoms but may also experience a 
concomitant increase in the severity of ocular 
infl ammation that may require local and/or sys-
temic corticosteroids. 

 Topical steroids    may be used as an adjunctive 
treatment in case of keratitis, scleritis, or anterior 
uveitis. Periocular and/or systemic corticoste-
roids, appropriately covered with antibiotic ther-
apy, may be useful adjuncts for treating the 
posterior segment infl ammation [ 30 ]. Finally, the 
sexual contacts of the patient must be identifi ed 
and treated, as a high percentage of these indi-
viduals are at risk for developing and transmit-
ting this disease. 
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11.1           Introduction 

 Although tuberculosis and syphilis are the most 
important bacterial causes of uveitis, other bac-
terial diseases including cat-scratch disease, 
Lyme disease, and Whipple’s disease have been 
associated with ocular posterior segment mani-
festations, including retinitis, choroiditis, reti-
nal vasculitis, and optic neuropathy. Diagnosis 
of any of these infectious diseases is primarily 
based on epidemiological data, history, systemic 
symptoms, and pattern of ocular involvement. 
Laboratory diagnosis relies on cytology, serol-
ogy, and/or PCR. Management involves systemic 
antibiotic therapy with or without the use of 
corticosteroids.  

11.2    Cat-Scratch Disease 

 Cat-scratch disease (CSD) is a worldwide distrib-
uted self-limited, systemic illness caused by the 
gram-negative bacillus,  Bartonella henselae . The 
disease entity was fi rst described in 1950 by Debré 
et al., but the causative agent was discovered only 

in 1983. An array of ocular manifestations, domi-
nated by neuroretinitis, has been described in asso-
ciation with CSD [ 1 ].

11.2.1     Epidemiology 

 CSD is a worldwide-distributed feline-associated 
zoonotic disease. In the USA there are an esti-
mated 22.000 new cases of CSD per year, and 
in the Netherlands the incidence of CSD was 
estimated to be 2.000 cases per year [ 1 ]. 
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 
[ 2 ]. HIV positivity may be a risk factor for 
 Bartonella  infection [ 1 ].   Ocular involvement 
occurs in 5–10 % of patients with cat-scratch 
disease [ 3 ].  

11.2.2    Life Cycle and Pathogenesis 

 Cats are the primary mammalian reservoir of 
 B. henselae , and the cat fl ea is an important vec-
tor for the transmission of the organism among 
cats. The disease is transmitted to humans by the 
scratches, licks, and bites of domestic cats, par-
ticularly kittens [ 1 ]. 

 The eye can be involved either with the pri-
mary inoculation complex, resulting in Parinaud 
oculoglandular syndrome, or by hematogenous 
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spread, leading to an array of ocular and neuro- 
ophthalmic manifestations [ 1 ,  2 ].  

11.2.3    Clinical Features 

11.2.3.1    Systemic Features 
 CSD is commonly diagnosed in children and 
young adults. The infected individual often 
develops a local minor lesion at the inoculation 
site, followed by tender regional lymphadenopa-
thy and fl u-like syndrome that resolves over sev-
eral weeks [ 3 ]. However, in a small percentage of 
patients, particularly within the immunocompro-
mised population, there may be extranodal dis-
semination with severe systemic complications, 
including encephalitis, pneumonia, osteomyeli-
tis, and hepatosplenic disease [ 3 ].  

11.2.3.2    Ocular Features 
 Adnexal and anterior segment involvement in 
CSD may include Parinaud oculoglandular syn-
drome, which is the most common ocular mani-
festation of CSD [ 2 ]. It is characterized by the 
association of regional lymphadenopathy with 
infection of the conjunctiva, eyelid, or adjacent 
skin [ 8 ]. CSD has been occasionally associated 
with conjunctival involvement simulating rhab-
domyosarcoma, orbital abscess, stromal keratitis, 
anterior uveitis, and neovascular glaucoma. 

 CSD is the most common recognized cause 
of neuroretinitis [ 5 – 7 ]. The ocular condition is 
usually unilateral, although bilateral cases have 
also been reported. The onset of visual symptoms 
usually follows the inoculation by approximately 
4 weeks and the systemic symptoms by 2–3 
weeks. The most common complaint is decreased 
vision, with visual acuity ranging from 20/20 to 
light perception. A relative afferent pupillary 
defect, dyschromatopsia, and a visual fi eld defect 
are usually seen. Mild anterior chamber and 
vitreous infl ammation is also common. Fundus 
examination typically shows optic disk edema 
associated with a partial or complete macular star 
(Fig.  11.1 ). The optic disk edema occurs approxi-
mately 1 week prior to the development of stel-
late maculopathy, which therefore may be absent 
at the time of initial presentation. The optic 

nerve involvement leads to peripapillary retinal 
thickening and, frequently, an exudative retinal 
detachment [ 4 ]. Intraretinal hemorrhages or tel-
angiectatic vessels may be seen [ 5 ]. Fluorescein 
angiography shows leakage from the optic disk 
with no evidence of capillary abnormality in the 
macular area [ 6 ]. Indocyanine green angiogra-
phy also may show optic disk hyperfl uorescence. 
Optical coherence tomography may be helpful in 
detecting serous detachment.

   Neuroretinitis usually has a self-limited 
course. Most patients recover excellent visual 
acuity over a period of several weeks to months 
[ 7 ]. The macular star usually resolves in approxi-
mately 8–12 weeks, but it may be present for up 
to 1 year. A few patients may be left with mild 
pallor of the optic disk [ 8 ]. Retinal pigment epi-
thelial changes also may develop after resolution 
of a prominent macular star. Cat-scratch 
 disease may occasionally present with a large 
infl ammatory mass or exudate of the optic nerve 
head [ 9 ]. 

 One or more white areas of inner retinitis or 
chorioretinitis, typically juxtavascular in loca-
tion, may accompany neuroretinitis [ 7 ,  10 ] or 
occur in the absence of obvious optic disk 
involvement [ 7 ,  11 ,  12 ]. These retinal lesions 
were found to be more common than neuroretini-
tis by some authors [ 11 ]. They may be associated 
with an angiomatous-like proliferation of retinal 

  Fig. 11.1    Fundus photograph of the right eye of a patient 
with cat-scratch disease shows optic disk edema with tel-
angiectasis, a complete macular star, and retinal and pre-
retinal hemorrhages       
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capillaries   , which is more clearly characterized 
by fl uorescein angiography [ 13 ,  14 ]. The inner 
white retinal lesions in the posterior fundus may 
simulate cotton-wool ischemic spots, but their 
distribution in the fundus is not necessarily asso-
ciated with the distribution of a fi rst-order arteri-
ole as is the case with cotton-wool spots. Branch 
retinal arteriolar occlusion [ 10 ,  11 ,  15 ] or branch 
retinal venous occlusion [ 8 ,  15 ] may be associ-
ated with an area of focal retinitis. A case of cen-
tral retinal artery and vein occlusion has been 
reported [ 16 ]. 

 Less common chorioretinal manifestations of 
CSD include large infl ammatory retinal mass in 
the posterior pole [ 9 ], subretinal mass associated 
with an abnormal vascular network [ 16 ], inter-
mediate uveitis with retinal vasculitis [ 17 ], uni-
lateral panuveitis with clinical and fl uorescein 
angiographic features simulating Vogt-Koyanagi- 
Harada disease [ 18 ], isolated serous macular 
detachment [ 19 ], serous macular detachment 
simulating central serous chorioretinopathy [ 20 ], 
macular hole [ 21 ], and vitreous hemorrhage [ 22 ].   

11.2.4    Laboratory Investigations 

 The earliest test for the diagnosis is a positive 
skin test in response to CSD antigen. This test is 
likely to remain positive for life. Another possi-
bility for the diagnosis is the detection of histo-
pathological changes in a lymph node or 
conjunctival biopsy (the Warthin-Starry silver 
impregnation stain). The blood culture isolation 
of  B. henselae  is diffi cult, expensive, and requires 
12–45 days. Thanks to the development of sero-
logical tests, the diagnosis of CSD is now much 
easier [ 23 ]. An indirect fl uorescent antibody 
(IFA) test was developed to detect the humoral 
response to the organism. The sensitivity and 
specifi city of this assay appear to be 90 % or bet-
ter for immunocompetent patients [ 24 ]. Enzyme- 
linked immunoassays (EIA) and Western blot 
procedures were later developed, and EIA was 
shown to have IgG sensitivity of 86–95 % and 
specifi city of 96 % compared with IFA [ 25 ]. A 
single positive indirect fl uorescent antibody or 
enzyme immunoassay titer for IgG or IgM is suf-

fi cient to confi rm the diagnosis of CSD. Positive 
IgM test is related to acute disease, but produc-
tion of IgM is ephemeral. IgG titers less than 1:64 
suggest the patient does not have Bartonella 
infection. Titers between 1:64 and 1:256 charac-
terize possible infection, and the test should be 
repeated in 10–14 days. Titers greater than 1:256 
suggest active or recent infection [ 1 ]. 

 More recently, a polymerase chain reaction- 
based assay for the detection of  B. henselae  16S 
ribosomal RNA gene in a very small sample of 
serum or other body fl uids has been employed for 
diagnosis purposes [ 26 ].  

11.2.5    Differential Diagnosis 

 Differential diagnosis of neuroretinitis includes 
several infectious and infl ammatory diseases, 
including syphilis, Lyme disease, tuberculosis, 
sarcoidosis, diffuse unilateral subacute neuro-
retinitis (DUSN), toxoplasmosis, toxocariasis, 
leptospirosis, salmonella, chickenpox, herpes 
simplex, ehrlichiosis, rickettsioses, and recur-
rent idiopathic neuroretinitis [ 2 ]. Other causes of 
optic disk edema and macular star include sys-
temic hypertension, diabetes mellitus, increased 
intracranial pressure, branch retinal vein occlu-
sion, and anterior ischemic optic neuropathy.  

11.2.6    Treatment 

 Till now, there are no guidelines for the treat-
ment of CSD or its ocular complications. For 
most immunocompetent patients the disease has 
a self- limited course. Many physicians do not 
treat mild to moderate systemic CSD. They treat 
severe ocular or systemic complications of  B. 
henselae  infection in immunocompetent patients 
and all immunocompromised patients. They 
often use doxycycline, erythromycin, ciprofl ox-
acin, azithromycin, trimethoprim-sulfamethox-
azole, rifampin, or intramuscular gentamicin 
[ 23 ,  27 ]. 

 A typical regimen for immunocompetent 
patients older than age 8 consists of doxycycline, 
100 mg orally twice daily for 2–4 weeks. In case 
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of severe infection, doxycycline may be given 
intravenously or used in combination with 
rifampin, 300 mg orally twice daily. Among 
immunocompromised individuals, treatment 
duration is extended to 4 months. Children with 
CSD may be treated with azithromycin. 
Paradoxical response to treatment has been 
reported in ocular bartonellosis [ 28 ]. The role of 
oral corticosteroids in the management of ocular 
CSD is unknown. 

 To prevent CSD, it is recommended to wash 
and disinfect any wounds immediately after a cat 
scratch or bite, and avoid contact with stray 
felines. Immunocompromised patients should be 
especially careful to avoid scratches and to con-
trol fl ea infestation. Long-term use of doxycy-
cline or a macrolide antibiotic such as 
erythromycin may be useful for preventing recur-
rences in HIV-positive patients [ 2 ].   

11.3    Lyme Disease 

 Lyme disease or Lyme borreliosis is an emerging 
tick-borne infection caused by a group of related 
spirochetes [ 29 ].

11.3.1     Epidemiology 

 Lyme disease is a worldwide-distributed infec-
tion. In North America, the only species of Lyme 
Borrelia known to cause human disease is 
 Borrelia burgdorferi . In Europe, at least fi ve spe-
cies of Lyme Borrelia ( B. afzelii ,  B. garinii ,  B. 
burgdorferi ,  B. spielmanii , and  B. bavariensis ) 
can cause the disease [ 29 ]. 

 Lyme disease affects men slightly more often 
than women and has a bimodal age distribution, 
with peaks in children aged 5–14 years and in 
adults aged 30–59 years. Most cases occur 
between May and September.  

11.3.2    Life Cycle and Pathogenesis 

 Animal reservoirs include deer, horses, cows, 
rodents, birds, cats, and dogs. The spirochete is 

transmitted to humans through the bite of infected 
ticks. The main vector of Lyme Borrelia in Europe 
is  Ixodes ricinus , whereas  Ixodes persulcatus  is 
the main vector in Asia.  Ixodes scapularis  is the 
main vector in northeastern and upper midwestern 
USA, and  Ixodes pacifi cus  is the vector in western 
USA [ 29 ]. The pathogenesis of ocular involve-
ment remains controversial, but the symptoms are 
believed to be due to direct ocular infection and a 
delayed hypersensitivity mechanism.  

11.3.3    Clinical Features 

11.3.3.1    Systemic Features 
 The clinical manifestations of Lyme disease have 
been divided into three stages: early, dissemi-
nated, and persistent or late stages [ 29 ,  30 ]. Early 
stage is characterized by erythema migrans that 
occurs 7–10 days following the bite, fever, and 
lymphadenopathy. Disseminated stage occurs 
few days to several months after the bite and may 
manifest with erythema chronica migrans, lym-
phocytoma, arthritis, and cardiac and neurologic 
manifestations. In late stage, patients may 
develop arthritis of major joints, progressive 
encephalomyelitis, and skin disorders.  

11.3.3.2    Ocular Features 
 Ocular inflammation is uncommon and occurs 
mainly in the second and late stages of the dis-
ease. It may manifest as anterior uveitis, inter-
mediate uveitis, posterior uveitis, or panuveitis 
[ 30 – 40 ]. Intermediate uveitis with associated 
granulomatous anterior chamber reaction and 
papillitis is the most common clinical presen-
tation (Fig.  11.2 ). Retinal vasculitis may 
result in macular edema, vascular occlusion, 
and cotton- wool spots [ 41 ,  42 ]. A distinct 
clinical entity of peripheral multifocal choroi-
ditis has been described in patients with Lyme 
disease. It is characterized by multiple, small, 
round, punched- out lesions associated with 
vitritis similar to those seen with sarcoidosis 
[ 31 ,  43 ]. Choroidal involvement may lead to 
retinal pigment  epithelial clumping resem-
bling the inflammatory changes seen with 
syphilis or rubella.
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   Optic nerve involvement includes papillitis, 
optic neuritis, neuroretinitis, and papilledema 
associated with meningitis [ 44 – 46 ]. Neuro- 
ophthalmic manifestations include multiple cra-
nial nerve involvement (II, III, IV, V, VI, and, 
most commonly, VII) unilaterally or bilaterally, 
either sequentially or simultaneously [ 30 ]. 
Horner syndrome, tonic pupil, and mydriasis 
have also been reported [ 30 ]. 

 Other ophthalmic manifestations of Lyme dis-
ease may include conjunctivitis, episcleritis, inter-
stitial and ulcerative keratitis, posterior scleritis, 
dacryoadenitis, and orbital myositis [ 30 ,  31 ,  47 ,  48 ].   

11.3.4    Laboratory Investigations 

 The diagnosis of Lyme disease is based on epide-
miological data, medical history, clinical ocular 
and systemic presentation, and serology. 
However, false-positive serological tests may 
lead to incorrect diagnosis in the presence of con-
ditions such as infectious mononucleosis, rheu-
matoid disease, autoimmune diseases, and other 
spirochetal infections. A testing approach using 
ELISA for IgM and IgG, followed by Western 
blot testing, is recommended [ 49 ]. 

 PCR-based assays have been successfully 
used to amplify both genomic and plasmid  B. 
burgdorferi  DNA from a variety of tissues includ-

ing ocular fl uids, with the highest yields being 
obtained from the skin [ 32 ].  

11.3.5    Differential Diagnosis 

 The differential diagnosis of uveitis associated 
with Lyme disease includes syphilis, tuberculosis, 
rubella, cat-scratch disease, sarcoidosis, leptospi-
rosis, rickettsioses, and Whipple’s disease [ 30 ].  

11.3.6    Treatment 

 Treatment of Lyme disease is based on combina-
tion of antibiotics and corticosteroids. The most 
commonly used antibiotics are amoxicillin, dox-
ycycline, cefotaxime, and cefuroxime. 
Intraocular infl ammation associated with Lyme 
disease may be treated with oral doxycycline 
200 mg/day or intravenous ceftriaxone at the 
dose of 2 g IV qd in adults for at least 3 weeks 
[ 37 ]. New ketolide antibiotics such as telithro-
mycin and  cethromycin are very effective against 
Borrelia organisms with high plasma and tissue 
concentrations following oral administration and 
hold promise as alternative treatments for Lyme 
disease [ 50 ]. 

 Anterior segment infl ammation may be treated 
with topical corticosteroids and mydriatics. 

 One case of macular edema associated with 
Lyme disease treated with intravitreal triamcino-
lone has been reported [ 42 ]. 

 A Jarisch-Herxheimer reaction with transient 
worsening of ocular symptoms after treatment 
has been reported in Lyme disease [ 31 ,  32 ]. 

 Prevention strategies for Lyme disease include 
avoiding tick- infested habitats, use of tick repellents, 
wearing protective outer garments, prompt removal 
of attached ticks, and reducing tick populations. 

 Doxycycline chemoprophylaxis can reduce 
the chance of developing Lyme borreliosis after 
removal of an  I. scapularis  or an  I. persulcatus  
tick. One 200 mg dose of doxycycline within 
72 h of tick removal should be considered for 
individuals in highly endemic areas [ 29 ]. 

 A trial on new vaccine against Lyme disease 
showed promising results [ 51 ].   

  Fig. 11.2    Intermediate uveitis in a patient with Lyme dis-
ease with vitritis, retinal vasculitis, optic disk hyperfl uo-
rescence, and macular edema       
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11.4    Whipple’s Disease 

 Whipple’s disease is a rare, chronic, multisystem 
disease, caused by the gram-positive bacillus, 
 Tropheryma whipplei . It was fi rst described by 
George Hoyt Whipple in 1907 [ 52 ].

11.4.1     Epidemiology 

 Whipple’s disease is most common in middle- 
aged white men. The sex ratio is three males to 
one female, mostly of Caucasian origin. Mean 
age at diagnosis is 48–54 years for male patients 
and a few years older for female patients [ 53 ].  

11.4.2    Clinical Features 

 Systemic involvement in Whipple’s disease 
includes migratory arthritis and gastrointestinal 
symptoms, including diarrhea, steatorrhea, and 
malabsorption [ 53 ]. Intestinal loss of protein 
results in pitting edema and weight loss. 
Cardiomyopathy and valvular disease can also 
occur. Central nervous system involvement 
occurs in 10 % of cases and may result in  seizures, 
dementia, and coma [ 54 ]. 

 Ocular involvement is rare in patients with 
Whipple’s disease and may occur alone or with gas-
trointestinal, neurologic, or other systemic manifes-
tations. It occurs in less than 5 % of cases, usually 
late in the course of the disease [ 55 ]. However, in up 
to one third of the patients, ocular involvement may 
be the only clinical manifestation of disease before 
performing systemic investigations [ 56 ,  57 ]. 

 A broad spectrum of ocular manifestations in 
Whipple’s disease has been reported including 
uveitis, retinitis, choroiditis, retinal vasculitis, 
retinal hemorrhages, and cystoid macular edema 
[ 55 – 65 ]. Patients can present with bilateral panu-
veitis and retinal vasculitis. Both granulomatous 
or nongranulomatous anterior uveitis and moder-
ate to severe vitritis may be present. Diffuse cho-
rioretinal infl ammation and diffuse retinal 
vasculitis may occur. Retinal vascular occlusions, 
retinal hemorrhages, and vitreous hemorrhage 
may result from the vasculitis. Optic disk edema 

(Fig.  11.3 ) and, later, optic atrophy may occur. 
Other neuro-ophthalmic manifestations can 
include cranial nerve palsies, nystagmus, oph-
thalmoplegia, ptosis, and convergence paresis 
associated with oculomasticatory myokymia. 
Some patients develop progressive supranuclear 
palsy-like condition.

11.4.3       Laboratory Investigations 

 Diagnosis of ocular Whipple’s disease is challeng-
ing, especially in the absence of gastrointestinal 
involvement. Cytologic diagnosis, based on the 
observation of periodic acid-Schiff (PAS)-positive 
macrophages in biopsy of the duodenal mucosa, is 
still used routinely. It remains highly sensitive but 
is nonspecifi c. Electron microscopy can demon-
strate the presence of degenerated bacillary micro-
organisms in the vitreous or gastrointestinal tract. 

 PCR analysis of peripheral blood and vitreous 
or cerebrospinal fl uid may show  T. whipplei  DNA 
and confi rm the diagnosis [ 64 ]. Culturing of 
 T. whipplei  is diffi cult, but possible [ 65 ].  

11.4.4    Differential Diagnosis 

 The differential diagnosis of uveitis associated 
with Whipple’s disease includes sarcoidosis, 
tuberculosis, Behçet’s disease, systemic lupus ery-
thematosus, periarteritis nodosa,  histoplasmosis, 

  Fig. 11.3    Optic disk edema in a patient with Whipple’s 
disease       
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multifocal choroiditis, intraocular lymphoma, 
amyloidosis, Lyme disease, and  Mycobacterium 
avium-intracellulare  infection [ 55 ,  56 ].  

11.4.5    Treatment 

    Different antibiotic regimens have been pro-
posed including chloramphenicol, rifampin, 
penicillin, cephalosporin, streptomycin, tetracy-
clines, or sulfonamides such as trimethoprim- 
sulfamethoxazole (TMP-SMX) [ 56 ]. Oral TMP 
(160 mg) and SMX (800 mg) twice daily, asso-
ciated with rifampin (600 mg/day), for at least 
1 year is the treatment of choice in CNS or  ocular 
Whipple’s disease. Folate supplementation is 
required during treatment with TMP- SMX. A 
low-dose antibiotic regimen (TMP 160 mg/day 
and SMX 800 mg/day once daily) for more than 
1 year to prevent relapse, neurologic involve-
ment, and death is recommended [ 56 ]. The opti-
mal duration of treatment remains to be defi ned. 

 Third-generation cephalosporins are effective 
in the treatment of Whipple’s disease resistant to 
TMP-SMX. Corticosteroids are usually not 
required to control intraocular infl ammation dur-
ing antibiotic treatment. 
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12.1           Introduction 

 Parasitic and fungal infections of the eye are 
major, worldwide distributed causes of infectious 
posterior uveitis that may lead to blindness. The 
causative agents include several species of 
Protozoa and Helminths that have a natural predi-
lection for the eye. These parasitic infections 
may be transmitted by vectors, food consump-
tion, or acquired indirectly from the environment. 
Ocular involvement can be due to damage 
directly caused by the infectious pathogen, indi-
rect pathology caused by toxic products, or the 
immune response incited by infections or ectopic 
parasitism. Epidemiologic data, clinical features, 
diagnostic tools, and management of the clini-
cally important species of parasites involved in 
posterior uveitis including toxoplasmosis and 
toxocariasis are reviewed in this chapter. 
Presumed ocular histoplasmosis syndrome, 
which is considered to be of fungal origin, also 
will be discussed. 

12.1.1    Toxoplasmosis 

 Toxoplasmosis is a worldwide distributed infec-
tion caused by the intracellular parasite 
 Toxoplasma gondii . The parasite was fi rst discov-
ered in Tunis in 1908 by Charles Nicolle and 
Louis Manceaux [ 1 ].

12.1.1.1     Epidemiology 
 Toxoplasmosis is the most common cause of 
infectious retinochoroiditis (RC) in both adults 
and children, accounting for 20–60 % of all pos-
terior uveitis cases [ 2 ]. Toxoplasmosis occurs 
worldwide, but its incidence is higher in tropical 
areas as compared to Europe and Northern 
America, and is quite rare in China. The 
 prevalence increases with age and decreases with 
increasing latitude [ 3 ]. Ocular disease is more 
severe in South America than in other continents 
due to the presence of extremely virulent geno-
types of the parasite [ 2 ,  4 ].  

12.1.1.2    Life Cycle and Pathogenesis 
  Toxoplasma gondii  is a single-cell obligate intra-
cellular protozoan parasite that exists in three 
major forms: the oocyst or soil form (10–12 μm), 
the tachyzoite or infectious form (4–8 μm), and 
the tissue cyst or latent form (10–200 μm), which 
contains as many as 3.000 bradyzoites. 

 Cats are the defi nitive hosts of  T gondii , and 
humans and a variety of other animals serve as 
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intermediate hosts [ 5 ]. Human infection by  T gon-
dii  may be either acquired or congenital. The prin-
cipal modes of transmission include ingestion of 
undercooked infected meat, contaminated water, 
fruits, or vegetables or unpasteurized milk from 
infected animal, inadvertent contact with soil, 
transplacental transmission, blood transfusion or 
organ transplantation, and rarely introduction of 
tachyzoites through a break in the skin. 

 Following ingestion, the organisms will 
spread by hematogenous dissemination reaching 
muscles, brain, and retina with formation of tis-
sue cysts containing bradyzoites which will 
transform into tachyzoites upon cyst rupture and 
will invade new cells. A possible infection route 
from the brain to the eye via the optic nerve has 
been suggested [ 5 ]. Although toxoplasmosis 
after infancy was considered to be exclusively the 
result of reactivation of congenital disease, 
acquired infection is now thought to play an 
important role in the development of ocular toxo-
plasmosis in children and adults [ 6 ].  

12.1.1.3    Clinical Features 
 Main presenting symptoms include unilateral 
blurring or loss of vision, central scotoma, and 
fl oaters. An associated mild to moderate granulo-
matous anterior uveitis is frequently observed 
and can be hypertensive in nature in 30 % of 
cases [ 7 ]. 

 Moderate or severe vitreous infl ammatory 
reaction, usually more intense near the active RC 
lesion, is present in almost all cases. In some 
cases, vitritis is so severe that visualization of the 
fundus is very diffi cult, giving the classic “head-
light in the fog” appearance. 

 Active toxoplasmic RC typically presents as a 
unilateral, single gray-white retinochoroidal 
lesion, with indistinct borders due to surrounding 
retinal edema, near or adjacent to a pigmented 
and/or atrophic scar indicative of previous toxo-
plasmic infection [ 8 ,  9 ] (Fig.  12.1 ).    However, 
25–35 % of eyes with active toxoplasmic RC do 
not exhibit associated old scar (Fig.  12.2 ). RC 
lesions may have various sizes and may occur in 
the posterior pole, sparing or involving the cen-
ter, in periphery, or occasionally immediately 
adjacent to or directly involving the optic disk. 

Various associated fundus changes may occur 
including focal or diffuse retinal vein sheathing, 
retinal arterial involvement especially in the form 
of Kyrieleis arteriolitis, retinal hemorrhages, 
macular edema, serous retinal detachment (SRD), 
and optic disk hyperemia.

   The course of toxoplasmic RC is self-limiting 
in immunocompetent patients. The infl ammation 
gradually resolves in 6–8 weeks, and a chorio-
retinal scar replaces the active lesion [ 7 ]. 

 Ocular toxoplasmosis is a progressive and 
recurrent disease, with new lesions occurring at 
the margins of old scars as well as elsewhere in 
the fundus. Recurrences are totally unpredictable 
and may occur years after the original lesion 
resolved. Recurrence rates of 40–79 % have been 
reported [ 10 ]. 

 The classic presentation of congenital toxo-
plasmosis is RC with a predilection for the poste-
rior pole and macula (Fig.  12.3 ). Congenital 
toxoplasmosis may be bilateral in approximately 
85 % of affected individuals [ 11 – 13 ] (Fig.  12.3 ). 

 RC developing in immunocompromised and 
older patients may present with atypical fi ndings, 
including large, multiple, and/or bilateral lesions, 
with or without associated chorioretinal scars. 

  Other atypical presentations of toxoplasmic 
RC include punctate outer or inner retinal toxo-
plasmosis, neuroretinitis, optic neuritis, intraocu-
lar infl ammation without RC, unilateral 
pigmentary retinopathy simulating retinitis pig-
mentosa, scleritis, and a presentation in associa-
tion with Fuchs uveitis syndrome [ 14 ]. 

 Early and late complications of ocular toxo-
plasmosis include retinal vascular occlusions 
(Fig.  12.4 ), SRD, choroidal ischemia, cataract, 
posterior synechiae, signifi cant vitreous opacifi -
cation and organization, rhegmatogenous or 
tractional retinal detachment, preretinal neovas-
cularization, vitreous hemorrhage, choroidal 
neovascularization (CNV), epiretinal membrane 
(ERM), subretinal fi brosis, vasoproliferative 
tumor, optic atrophy, glaucoma, and phthisis 
bulbi [ 9 ,  10 ,  15 ].

12.1.1.4       Imaging 
 Fluorescein angiography (FA) shows early hypo-
fl uorescence of active focus of RC, followed by 
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a b
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  Fig. 12.1    ( a ) Fundus photograph shows an active focus 
of toxoplasmic retinochoroiditis adjacent to an old pig-
mented scar located at the superotemporal the superior 
vascular arcade in the vicinity of the optic disk. ( b ) Early-
phase fl uorescein angiogram shows hypofl uorescence of 
both active and old focus. ( c ) Late-phase fl uorescein 
angiogram shows peripheral hyperfl uorescence and per-
sistent central hypofl uorescence of the active lesion with 

vascular leakage and optic disk hyperfl uorescence. ( d ) 
Early-phase indocyanine green angiogram shows hypo-
fl uorescence of the retinochoroiditis focus. ( e ) Late-phase 
indocyanine green angiogram shows persistence of hypo-
fl uorescence of the retinochoroiditis focus with multiple 
satellite dark dots and retinal vascular staining. ( f ) Optical 
coherence tomography reveals a subclinical serous retinal 
detachment ( arrow ) with foveal involvement         
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gradual staining starting from the lesion borders 
(Fig.  12.1 ). This imaging modality is useful in 
the detection and evaluation of associated 
 retinochoroidal vascular changes including focal 

or diffuse retinal vascular leakage, macular 
edema, retinal or choroidal vascular occlusion, 
optic disk leakage, CNV, and retinochoroidal 
anastomosis [ 7 ,  8 ]. 

a

b

  Fig. 12.2    ( a ) Fundus 
photograph shows an active 
focus of toxoplasmic 
retinochoroiditis without old 
scar. ( b ) Optical coherence 
tomography shows increased 
retinal refl ectivity and 
thickening of the active 
lesion, retinal pigment 
epithelial and choriocapillaris 
band shadowing, posterior 
hyaloid thickening and 
detachment, and vitreous 
hyperrefl ective dots       

fFig. 12.1 (continued)
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 Indocyanine green angiography (ICGA) 
shows hypofl uorescence of the main focus of RC 
at all phases of the angiogram (Fig.  12.1 ) [ 16 ]. 
ICGA also shows in up to 75 % of cases multiple 
hypofl uorescent satellite dark dots, possibly due 
to choriocapillaris hypoperfusion, that disappear 
after therapy in the majority of cases (Fig.  12.1 ). 
More pronounced choroidal ischemia could be 
confi rmed by ICGA in a subset of patients of 
patients with toxoplasmic RC [ 17 ,  18 ]. 

 Optical coherence tomography (OCT) is a 
noninvasive test that is useful in evaluating and 
monitoring active toxoplasmic RC and associ-
ated changes. Findings include increased retinal 
refl ectivity and thickening of the active lesion, 
retinal pigment epithelial and choriocapillaris 
band shadowing, posterior hyaloid thickening 
and detachment, vitreoschisis, vitreous hyperre-
fl ective dots, ERM, and SRD (Figs.  12.1  and 
 12.2 ). Disorganization of the retinal layers refl ec-
tivity with interruption of the inner/outer segment 
(IS/OS) junction due to scar formation may be 
observed [ 18 – 22 ]. Imaging of congenital toxo-
plasmosis macular scars reveals retinal thinning, 
retinal pigment epithelial hyper-refl ectivity, exca-
vation, intraretinal cysts, and fi brosis [ 23 ]. 

 Ultrasonography is useful when view of the 
fundus is limited by posterior synechiae or vitre-
ous opacity. The most frequent fi ndings include 
intravitreal opacities, thickening of posterior hya-
loids, partial or complete posterior vitreous 
detachment, focal retinochoroidal thickening, 

and tractional and rhegmatogenous retinal 
detachment. 

 Visual fi eld testing reveals absolute defects 
breaking out to the periphery when scars occur 
within one disk diameter to the optic disk [ 24 ] or 
in case of retinal vascular occlusion [ 15 ].  

12.1.1.5    Laboratory Investigations 
 The diagnosis of toxoplasmic RC is primarily 
based on typical clinical fi ndings, but laboratory 
testing may be required to confi rm the diagnosis 
in atypical clinical presentations. A positive 
serological assay for IgG does not confi rm the 
diagnosis of ocular toxoplasmosis, given the 
high rate of seropositivity in the normal popula-
tion in most countries. The presence of IgM 
and/or IgA titer or a rising IgG titer indicates 
recent acquired infection. A negative serology 
can exclude the diagnosis of ocular toxoplasmo-
sis [ 25 ]. 

 The Goldmann-Witmer (GW) coeffi cient and 
the western blot technique are used to demon-
strate local production of antibodies in aqueous 
humor or rarely in vitreous fl uid. A GW coeffi -
cient of greater than three is considered highly 
suggestive of a diagnosis of active ocular toxo-
plasmic infection [ 26 ]. 

 Detection of toxoplasma DNA in ocular fl uids 
by PCR is helpful in the diagnosis of atypical 

  Fig. 12.3    Fundus photograph shows congenital toxo-
plasmosis involving the macula       

  Fig. 12.4    Color    fundus photograph of the left eye of a 
patient with ocular toxoplasmosis shows an active focus 
of retinochorioretinitis adjacent to old pigmented scars 
infero-temporally and an area of retinal whitening along 
the inferior temporal arcade consistent with a diagnosis of 
branch retinal artery occlusion       
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clinical presentations, particularly in immuno-
compromised patients [ 27 ,  28 ].  

12.1.1.6    Differential Diagnosis 
 Typical toxoplasmic RC can be easily differenti-
ated for other infectious or noninfectious uveitic 
entities. Atypical clinical presentations should be 
differentiated from other infectious diseases, 
including necrotizing viral retinitis, tuberculosis, 
syphilis, bartonellosis, rickettsiosis, Lyme dis-
ease, fungal retinitis, bacterial retinitis, and toxo-
cariasis [ 7 ,  8 ]. 

 Toxoplasmic RC should also be differentiated 
from noninfectious entities including multifocal 
choroiditis, acute posterior multifocal placoid 
pigment epitheliopathy (APMPPE), serpiginous 
choroiditis, punctate inner choroidopathy, sar-
coidosis, Behçet disease, ocular lymphoma, and 
other causes of optic nerve involvement [ 29 ]. 

 Differential diagnosis of congenital ocular 
toxoplasmosis in newborns and young children 
mainly includes Rubella, CMV, Herpes, Syphilis, 
Toxocariasis, West Nile virus fever, acute lympho-
cytic choriomeningitis, macular coloboma, persis-
tent hyperplastic vitreous, and neoplastic entities 
such as retinoblastoma and retinocytoma [ 29 ].  

12.1.1.7    Treatment 
 Treatment of ocular toxoplasmosis remains 
controversial. However, the generally accepted 
criteria for treatment include the following: 
involvement of zone 1, especially in patients with 
active lesion affecting or threatening the fovea 
or optic nerve, lesion size >2 disk diameters, 
marked vitritis, retinal vascular occlusion, immu-
nocompromised patients, elderly patients, and 
acquired toxoplasmosis [ 8 ,  9 ]. 

 Some clinicians may elect to observe small 
lesions in the retinal periphery that are not associ-
ated with a signifi cant decrease in vision or vitri-
tis, while others treat virtually all patients in an 
effort to reduce the number of subsequent recur-
rences [ 9 ]. 

 Numerous agents have been used to treat 
toxoplasmosis over the years [ 30 ,  31 ]. The stan-
dard treatment of ocular toxoplasmosis includes 
a combination of pyrimethamine, given in a load-
ing dose of 100 mg on day 1 followed by 50 mg 

daily (25 mg in children), sulfadiazine 4 g/day, 
and corticosteroids (0.5–1 mg/Kg/day, depend-
ing on the severity of the infl ammation). Folinic 
acid (25 mg per os two or three times a week) is 
added to prevent bone marrow suppression that 
may result from pyrimethamine therapy [ 30 ,  32 , 
 33 ]. 

 Corticosteroids should be used orally, always 
under anti-toxoplasmic therapy and begun within 
48 h. The use of periocular or intravitreal cortico-
steroids should be avoided. Corticosteroids 
should also be avoided in immunocompromised 
patients. In general, treatment lasts from 4 to 6 
weeks, at which time infl ammation begins to sub-
side and the retinal lesion shows signs of consoli-
dation. This period may be extended if there is 
persistent disease activity. 

 Other alternatives include oral clindamycin, 
spiramycin, and azithromycin [ 9 ,  30 ]. The com-
bination of pyrimethamine and azithromycin 
(500 mg on day 1, followed by 250 mg/day) is as 
effective, but less toxic, than the classic combina-
tion of pyrimethamine and sulfadiazine [ 8 ,  34 ]. 

 Intravitreal clindamycin injection to treat 
toxoplasmosis RC is a promising approach [ 35 ]. 

 Newborns with congenital toxoplasmosis are 
commonly treated with pyrimethamine and sul-
fonamides for 1 year, in consultation with a pedi-
atric specialist. In cases of newly acquired 
toxoplasmosis during pregnancy, spiramycin 
400 mg three times daily may be used [ 36 ]. 

 Pyrimethamine should be avoided or used in 
lower dosage for the management of ocular toxo-
plasmosis in patients with HIV/AIDS who 
receive highly active antiretroviral therapy. 
Atovaquone is an alternative in these patients 
[ 37 ]. 

 Vitreoretinal surgery will be required for vit-
reous opacities and for tractional or rhegmatoge-
nous retinal detachment. 

 CNV can nowadays be successfully treated 
with intravitreal injection of anti-vascular endo-
thelial growth factor (VEGF) [ 38 ,  39 ]. 

 Prevention of toxoplasmosis mainly consists 
of measures to avoid exposure to infectious agent. 
Long-term intermittent use of one tablet of trim-
ethoprim (160 mg)/sulfamethoxazole (800 mg) 
every 3 days was shown to decrease the risk of 
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reactivation among patients with recurrent toxo-
plasmic RC [ 40 ].   

12.1.2    Toxocariasis 

 Toxocariasis is a zoonotic disease caused by the 
infestation of humans by second-stage larvae of 
the dog nematode  Toxocara canis  or the cat nem-
atode  Toxocara cati . Toxocariasis manifests itself 
in one of two disease states: visceral larva 
migrans, the systemic form of the disease, or ocu-
lar larva migrans, the ocular form. It is rare for 
ocular toxocariasis (OT) to coexist with visceral 
larva migrans.

12.1.2.1     Epidemiology 
 OT is a worldwide distributed infection. It is an 
uncommon disease, with a prevalence ranging 
between 0 and 3.1 % of all uveitis cases [ 41 ,  42 ]. 
OT is predominantly a unilateral condition that 
occurs primarily in childhood but also can affect 
adults. The median patient age was found to be 
11.5 years (range, 1–66 years) [ 43 ]. OT affects 
females and males with approximately equal 
frequency.  

12.1.2.2    Life Cycle and Pathogenesis 
 The defi nitive hosts of  Toxocara  are dogs and 
cats. When infected, these animals pass 
 Toxocara  eggs in their feces into the environ-
ment. Once in the environment, it takes 2–4 
weeks for  Toxocara  larva to develop in the eggs 
and for the eggs to become infectious. In dogs 
and cats, the life cycle is completed when the 
eggs are ingested and the larvae develop into 
adult worms in the intestine. Humans and other 
animals become infected through the uninten-
tional ingestion of infectious eggs, which are 
found in soil contaminated by dog and cat feces. 
Infection rarely may occur when a person 
ingests undercooked meat from an animal 
infected with the  Toxocara  parasite. Children 
who have close contact with dogs, especially 
puppies, are at high risk for infection. 

 Ocular disease is caused by the migration of 
 Toxocara  larva through blood vessels in the 
circulatory system into the posterior segment 

of the eye [ 42 ]. Tissue damage is due to the 
host infl ammatory reaction more than the 
infection itself.  

12.1.2.3    Clinical Features 
 Patients present with unilateral decreased vision 
that may be accompanied by pain, photophobia, 
fl oaters, strabismus, or leukocoria. The anterior 
segment is typically quiet. However, nongranulo-
matous anterior infl ammation and posterior syn-
echiae may be present with severe disease. Posterior 
segment fi ndings include three recognizable ocular 
syndromes: peripheral granuloma, posterior pole 
granuloma, and chronic endophthalmitis [ 41 ]. 

 Peripheral granuloma is the most common 
clinical presentation of OT, occurring in nearly 
half of patients. It usually appears as a focal, 
elevated, white peripheral nodule, surrounded 
by pigmentary changes and associated with 
traction vitreoretinal bands that may extend 
from the peripheral mass to the optic nerve head 
(Fig.  12.5 ).

   Posterior pole involvement is observed in one 
quarter of cases. The retinochoroidal granuloma 
may vary in size from less than one to two disk 
diameters and may spare or involve the fovea [ 41 ]. 

 OT presents in nearly one quarter of patients 
in the form of chronic endophthalmitis with ante-
rior uveitis and diffuse vitritis with a poor view of 
the fundus. Hypopion and retinal detachment 
may occur in severe cases [ 43 – 47 ]. Other less 
common clinical presentations of OT are optic 
neuritis, neuroretinitis, and mobile living larva in 
the eye [ 46 ]. 

 Complications of OT include macular hetero-
tropia, amblyopia, cataract, secondary glaucoma, 
ERM, retinal folds and tractional retinal 
 detachment, macular scar from macular granu-
loma, cystoid macular edema (CME), detach-
ment of the ciliary body and anterior choroid 
with hypotony, neovascular membranes, and 
phthisis bulbi. Visual loss is commonly caused 
by infl ammation of the vitreous and traction reti-
nal detachment [ 41 ,  43 ].  

12.1.2.4    Imaging 
 On FA, the granuloma is characterized by central 
hyperfl uorescence with early-phase dye leakage 
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(Fig.  12.5 ). Diffuse ischemic area in the periph-
ery has also been reported [ 48 ]. 

 The most characteristic ultrasonographic fi nd-
ings include highly refl ective peripheral mass, 
pseudocystic transformation of the peripheral vit-
reous, vitreous membranes or retinal fold extend-
ing from the mass to the posterior pole, and 
tractional retinal detachment [ 49 ]. 

 Ultrasound biomicroscopy (UBM) may be 
also useful in patients with opaque media or 
hypotony by showing pseudocystic transforma-
tion of the peripheral vitreous, a highly sensitive, 
but not specifi c, fi nding [ 50 ,  51 ]. 

 On OCT, posterior pole granuloma may 
appear as a highly refl ective mass protruding 
above the retinal pigment epithelium (RPE) [ 52 , 
 53 ]. OCT may also show most important vitreo-
retinal tractions on macular region and optic disk 
and subretinal fl uid. 

 Computed tomography (CT) and magnetic 
resonance imaging (MRI) are helpful for the dif-
ferential diagnosis with retinoblastoma [ 46 ].  

12.1.2.5    Laboratory and Ancillary Tests 
 ELISA testing has a high sensitivity and specifi c-
ity in patients with a presumptive diagnosis of 
OT [ 43 ]. Current serologic testing for antibody to 
the  Toxocara  parasite does not reliably indicate 
active infection. In fact, studies have shown that 
the immunoglobulin-G  Toxocara  antibody can 

remain detectable for years after treatment, which 
limits the applicability of the test to monitor 
treatment success [ 54 ]. GW coeffi cient analysis 
in aqueous humor or vitreous may help establish 
the diagnosis of OT [ 55 ].  

12.1.2.6    Differential Diagnosis 
 The most important differential diagnosis of 
OT consideration is retinoblastoma. Other enti-
ties to consider include infectious endophthal-
mitis, toxoplasmosis, pars planitis, sarcoidosis, 
syphilis, and congenital retinovascular abnormal-
ities such as retinopathy of prematurity, persis-
tent fetal vasculature, Coats disease, and familial 
exudative vitreoretinopathy.  

12.1.2.7    Treatment 
 Although there is no uniformly satisfactory treat-
ment for OT, medical therapy with periocular and 
systemic corticosteroids continue to be the thera-
peutic mainstay for eyes with active vitritis to 
reduce the infl ammatory response to prevent 
structural complications [ 46 ,  47 ]. The utility of 
antihelminthic therapy such as albendazole, thia-
bendazole, or mebendazole is still controversial. 
Vitreoretinal surgery has been successfully used 
to manage complications such as rhegmatoge-
nous and tractional retinal detachments, ERM, 
and persistent vitreous opacifi cation [ 56 ]. 
Prognosis depends on the age of presentation, 

a b

  Fig. 12.5    ( a ) Fundus photograph shows a toxocara 
granuloma adjacent to the optic disk inferonasally with 
associated vitreoretinal traction (   b ) Late-phase fl uores-

cein angiogram shows heterogeneous hyperfl uorescence 
of the granuloma and associated retinal vascular 
tortuosity       
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location of toxocara lesion, and subsequent 
complications.   

12.1.3    Diffuse Unilateral Subacute 
Neuroretinitis (DUSN) 

 Diffuse unilateral subacute neuroretinitis 
(DUSN), fi rst described by Gass et al. in 1978 
[ 57 ], is an infectious ocular disease caused by an 
unidentifi ed motile nematode capable of infi ltrat-
ing the subretinal space, causing infl ammation 
and retinal degeneration that lead to profound 
vision loss [ 58 ].

12.1.3.1     Pathogenesis 
 Evidence to date suggests that DUSN is caused 
by solitary nematodes of two different sizes that 
migrate through the subretinal space. The 
smaller worm, measuring 400–1.000 μm in 
length, has been proposed to be either 
 Ancylostoma caninum  (the dog hookworm) or 
 Toxocara canis , the latter being endemic to the 
southeastern United States, Caribbean islands, 
and Brazil. The larger worm is believed to be 
 Baylisascaris procyonis  (the raccoon round-
worm), which measures 1.500–2.000 μm in 
length and has been found in the northern 
Midwestern United States and Canada [ 44 ,  46 ]. 
DUSN appears to involve an infl ammatory or a 
local toxic tissue effect on the outer retina caused 
by the worm by-products left behind, as well as 
a more diffuse toxic reaction affecting both the 
inner and outer retina.  

12.1.3.2    Epidemiology 
 Initially described in the Southeastern and 
Midwestern parts of the United States and the 
Caribbean islands, DUSN has also been reported 
in other parts of North America, in South 
America, in Northwestern Europe, China, and 
Africa [ 44 ,  46 ,  59 ,  60 ]. In Brazil, DUSN is con-
sidered an important cause of posterior uveitis 
in children and young healthy adults. The dis-
ease can affect children and young adults with-
out gender preference or systemic problems. It 
is usually unilateral and occasionally is 
bilateral.  

12.1.3.3    Clinical Features 
 The onset of DUSN is usually insidious. Some 
patients in the early stages of the disease com-
plain of unilateral paracentral or central scotoma, 
ocular discomfort, or transient obscurations of 
vision [ 61 ]. Patients are usually in good general 
health. Clinical fi ndings in patients with DUSN 
can be divided into two stages. The early stage is 
characterized by mild to moderate vitritis, mild 
optic disk edema, and recurrent crops of evanes-
cent, multifocal, yellow-white lesions at the level 
of the outer retina and choroid with continued 
visual loss and central scotoma (Fig.  12.6 ). The 
white lesions are clustered within a small zone 
and fade over a few weeks leaving pigment mot-
tling. Focal retinal hemorrhages and perivenous 
exudation may be rarely seen. Careful observa-
tion in the vicinity of the white lesions may show 
a small white nematode. Occasionally, a few 
patients may demonstrate mild anterior uveitis 
with cells, fl are, and keratic precipitates. The late 
stage of the disease is characterized by optic disk 
atrophy, retinal vessel narrowing, and focal or 
diffuse RPE degeneration marked by profound 
visual loss. The worm can be identifi ed at any 
stage of the disease [ 45 ].

12.1.3.4       Imaging 
 FA usually demonstrates mild leakage of dye 
from the capillaries on the optic disk and some of 
the retinal vessels. The gray-white lesions are 

  Fig. 12.6    Fundus photograph of a patient with DUSN 
shows a cluster of gray-white lesions (Courtesy, Carlos 
Pavesio)       
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nonfl uorescent or hypofl uorescent early and stain 
in the late phase of the angiogram. 

 ICGA may reveal hypofl uorescent dark spots, 
and hyperfl uorescence at the macular level [ 62 ]. 
ICGA could be a useful tool for the detection of 
subretinal nematodes [ 63 ]. 

 Spectral domain OCT showed that RNFL and 
central retinal thickness were thinner in DUSN 
eyes compared to normal eyes. Late-stage dis-
ease had more pronounced thinning compared to 
early-stage patients. This thinning in retinal nerve 
fi ber layer (RNFL) and central retinal thickness 
may refl ect the low visual acuity in patients with 
DUSN [ 64 ]. 

 Electroretinography in the affected eye is usu-
ally reduced quite early in the course of the dis-
ease and is more severely reduced with the 
b-wave being affected more than the a-wave in 
the later stage of the disease [ 44 ,  46 ]. Goldman 
perimetry is useful to evaluate remaining visual 
fi eld before and after treatment of the disease.  

12.1.3.5    Differential Diagnosis 
 Early signs of DUSN often are mistaken for mul-
tifocal choroiditis, sarcoidosis, acute posterior 
multifocal placoid pigment epitheliopathy, mul-
tiple evanescent white dot syndrome, serpiginous 
choroiditis, Behçet disease, ocular toxoplasmo-
sis, nonspecifi c optic neuritis, and papillitis. Late 
features of the disease may be confused with 
posttraumatic chorioretinopathy, occlusive vas-
cular disease, toxic retinopathy, unilateral optic 
atrophy, and retinitis pigmentosa [ 61 ].  

12.1.3.6    Treatment 
 Therapy is limited in patients with DUSN. If 
the worm is visualized, laser treatment of the 
nematode with confl uent laser burns 100–200 μ 
in size can be highly effective and may improve 
visual acuity and infl ammatory ocular signs 
[ 46 ]. The worm can be induced to migrate away 
from the macula before treatment by direct-
ing a bright light on it. The worm may also be 
surgically removed for identifi cation purposes. 
Chemotherapy with anthelmintic drugs, such as 
mebendazole, thiabendazole, or albendazole may 
be the only treatment available when a worm can-
not be visualized, but success is often diffi cult to 

document. A treatment regimen of albendazole 
400 mg daily for 4 weeks seems to be safe and 
benefi cial for patients with DUSN [ 65 ]. 

 Treatment with corticosteroids has shown 
transient suppression of the infl ammation with-
out altering the fi nal outcome of the disease. 
Patients with retinal complications caused by the 
infl ammation may benefi t from surgical interven-
tion in some cases.    

12.2    Other Parasitic Diseases 

12.2.1    Onchocerciasis 

 Onchocerciasis, also named river blindness or 
Robles disease, is a parasitic disease caused by 
the microfi lariae  Onchocerca volvulus  [ 45 ]. 
 O. volvulus  is transmitted by the bite of the black 
Simulium fl y, which breeds in rapidly fl owing 
waters. The clinical manifestations of onchocer-
ciasis range from no skin or eye lesions to very 
severe skin involvement and blindness. 

12.2.1.1    Epidemiology 
 Onchocerciasis is endemic in many areas of sub- 
Saharan Africa and in isolated foci in Central and 
South America. It is rarely seen or diagnosed in 
the Western world. According to the World 
Health Organization, at least 18 million people 
are infected, of whom almost 300.000 are blind 
[ 66 ]. In hyperendemic areas, every one over the 
age of 15 is infected, and half will become blind 
before they die.  

12.2.1.2    Pathogenesis 
 Humans are the only host for  O. volvulus . The  O. 
volvulus  larvae are transmitted through the bite of 
female black fl ies of the  Simulium  genus. The lar-
vae develop into mature adult worms that form 
subcutaneous nodules. The adult female releases 
millions of microfi lariae that migrate throughout 
the body, particularly to the skin and the eye. 

 The ocular manifestations of onchocerciasis 
are caused by the presence of dead parasites 
within the eye. The microfi lariae penetrate the 
eye by the bulbar conjunctiva at the limbus and 
then invade the cornea, aqueous humor, and iris. 
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They reach the posterior segment by the circula-
tion or ciliary nerves, which supply the periph-
eral retina and choroid [ 46 ].  

12.2.1.3    Clinical Features 
 Anterior segment involvement includes punctate 
keratitis, corneal opacity that turns to scar tissue, 
producing sclerosing keratitis in late stages [ 46 ]. 
An iridocyclitis also can be seen with atrophy of 
the iris, cataract, and glaucoma. Chorioretinal 
changes are also common. They typically begin in 
the periphery and vary widely in severity. Early 
disruption of the RPE is typical with pigment dis-
persion and focal areas of atrophy (Fig.  12.7 ). 
Later, severe chorioretinal atrophy occurs pre-
dominantly in the posterior pole with sheathing of 
the retinal vessels and visual fi eld constriction. 
Optic disk atrophy is common in advanced dis-
ease. Macular edema can also be found.

12.2.1.4       Laboratory Investigations 
 Diagnosis of onchocerciasis is made by extraction 
of microfi lariae or adult worms from skin or sub-
cutaneous nodules by biopsy or by identifi cation 
of live microfi lariae in the aqueous humor [ 67 ].  

12.2.1.5    Treatment 
 Ivermectin, given in a single oral dose of 
150 μg/kg, is the fi rst choice to treat onchocercia-

sis. Annual ivermectin therapy seems to improve 
intraocular infl ammation [ 67 ]. Topical cortico-
steroids can be used to control any anterior uve-
itis. Vector control strategies tend to have limited 
success.   

12.2.2    Cysticercosis 

 Cysticercosis is a systemic illness caused by the 
 Cysticercus cellulosae  larvae of the adult tape-
worm  Taenia solium  and  Taenia saginata . The 
most frequently reported locations are skin, skel-
etal muscle, heart, eye, and most importantly, the 
central nervous system. 

12.2.2.1    Epidemiology 
 Cysticercosis is a common cause of ocular 
infl ammation in some developing countries such 
as Central and South America, India, Southeast 
Asia, China, Eastern Europe, and certain parts 
of Africa [ 45 ,  68 ]. Ocular cysticercosis is a dis-
order of the young, occurring most frequently 
between the ages of 10 and 30 years, without 
gender predilection.  

12.2.2.2    Pathogenesis 
 Human infection is caused by  Cysticercus cellulo-
sae , the larval stage of the cestode  Taenia solium . 
Human cysticercosis is caused by ingestion of 
water or foods contaminated by the pork tape-
worm. The eggs mature into larvae, penetrate the 
intestinal mucosa, and spread hematogenously to 
the eye via the posterior ciliary arteries into the 
subretinal space in the posterior pole [ 46 ].  

12.2.2.3    Clinical Features 
 Although cysticercosis may involve any structure 
of the eye and its adnexae, the posterior segment 
is most often involved. Depending on the loca-
tion of the intraocular cyst, patients may present 
asymptomatically with relatively good vision or 
may complain of fl oaters, moving sensations, 
ocular pain, photophobia, redness, and very poor 
visual acuity. Larvae within the subretinal space 
may cause an exudative retinal detachment or 
may perforate the retina, causing a retinal break 
that may be self-limiting or associated with 

  Fig. 12.7    Fundus photograph of a patient with onchocer-
ciasis shows peripheral chorioretinal changes with 
 pigment dispersion, and focal areas of atrophy (Courtesy,  
Aniki Rothova)       

 

12 Infections of the Posterior Segment: Parasitic and Fungal Infections



146

 retinal detachment and gain access to the vitreous 
cavity. The characteristic clinical appearance is 
that of a globular or spherical translucent white 
cyst (Fig.  12.8 ), with a head or scolex that undu-
lates in response to the examining light within the 
vitreous or subretinal space [ 45 ]. The cyst itself 
varies in size from 1.5 to 6 disk diameters. RPE 
atrophy may be observed surrounding the pre-
sumptive entry site of the cysticercus into the 
subretinal space [ 46 ]. Larvae death produces a 
severe infl ammatory reaction characterized by 
zonal granulomatous infl ammation surrounding 
necrotic larvae on histologic examination.

12.2.2.4       Imaging 
 B-scan ultrasonography may also be helpful 
diagnostically in the presence intraocular cysti-
cerci, revealing a characteristic picture of a sono-
lucent zone with a well-defi ned anterior and 
posterior margin. A central echo-dense, curvilin-
ear, highly refl ective structure within the cyst is 
suggestive of a scolex, further narrowing the 
diagnosis [ 46 ]. CT and MRI may reveal intrace-
rebral calcifi cation or hydrocephalus in the set-
ting of neural cysticercosis. High-defi nition 
spectral-domain OCT of the cyst showed a hyper-
refl ective coat [ 69 ].  

12.2.2.5    Laboratory Investigations 
 Anticysticercus antibodies are detected by 
ELISA which was found to be highly sensitive 
[ 46 ]. Anterior chamber paracentesis may reveal a 

large number of eosinophils. Peripheral eosino-
philia may also be present.  

12.2.2.6    Differential Diagnosis 
 The differential diagnosis of ocular cysticercosis 
involving the posterior segment includes condi-
tions associated with leukocoria (retinoblastoma, 
Coats disease, retinopathy of prematurity, persis-
tent fetal vasculature, toxocariasis, and retinal 
detachment) and DUSN.  

12.2.2.7    Treatment 
 Antihelminthic drugs such as praziquantel and 
albendazole have been used successfully in the 
medical management of active neural cysticerco-
sis. However, these agents are generally not 
effective for intraocular disease. They are fre-
quently used in combination with systemic corti-
costeroids, because larvae death is accompanied 
by worsening of the ocular disease and panuveitis 
[ 46 ]. Pars plana vitrectomy is usually required 
for posterior segment involvement. The cyst in 
vitreous can be removed through the sclerotomy 
site or can be aspired through the vitrector hand 
piece. In case of ruptured cyst, complete vitrec-
tomy should be done to remove all the vitreous 
debris [ 70 ].   

12.2.3    Gnathostomiasis 

 Human gnathostomiasis is mostly prevalent in 
Southeast Asia and Latin America, but there has 
been a progressive increase in its global fre-
quency [ 71 ]. Although fi ve different species of 
 Gnathostoma  are known to cause human disease, 
 Gnathostoma spinigerum  is the most common 
agent that involves the human eye. Humans 
become incidental hosts after intake of under-
cooked or raw meat of the host. After ingestion, 
the larvae cross the gastric or intestinal wall and 
migrate randomly throughout the body. 

 Ocular gnathostomiasis is a rare clinical con-
dition, and intravitreal gnathostomiasis is an even 
rarer entity (Fig.  12.9 ). The route by which the 
worm can gain access to the eye and enter the 
subretinal space is not clear. It has been  suggested 
that parasite may enter via the retinal arterioles or 

  Fig. 12.8    Fundus photograph in a patient wit cystcerco-
sis shows a live submacular translucent cyst with clear 
media (Courtesy, Amod Gupta)       
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through the choroid and RPE after its passage 
through the ciliary circulation [ 72 ,  73 ]. The most 
common ocular clinical manifestation of gna-
thostomiasis is anterior uveitis. However, lid 
edema, conjunctival chemosis and orbital celluli-
tis, and retinochoroidal and vitreous hemorrhage 
associated with retinal tear or scarring close to 
the optic disk and blindness may also be present-
ing features [ 72 ,  74 – 77 ].

   The treatment advocated for intracameral and 
intravitreal  Gnathostoma  is surgical removal of 
the entire worm which was found to be a safe and 
effective treatment modality. Laser photocoagu-
lation has been advocated for subretinal worm 
distant from the center of the fovea [ 78 ].  

12.2.4    Trichinellosis 

 Trichinellosis caused by  Trichinella spiralis  has a 
cosmopolitan distribution, but is generally less 
important as an infection of humans in the tropics 
than in more temperate regions of the world. 
Human transmission occurs by ingestion of 
infected meat containing larvae, either in typical 
cysts or unencapsulated in the case of several 
species [ 79 ]. The clinical course is characterized 
by a typical syndrome of fever, myalgia, perior-
bital and facial edema, and eosinophilia. Ocular 
involvement includes conjunctivitis, chemosis, 
macular and retinal hemorrhage, and atrophy of 
the RPE as larvae migrate through and into these 
ocular tissues [ 80 ,  81 ]. The diagnosis can be sug-
gested from clinical history of ingesting raw or 

inadequately cooked meat and confi rmed by spe-
cifi c serological tests. Treatment is based on 
albendazole and corticosteroids.  

12.2.5    Schistosomiasis 

 Schistosomiasis caused by  Schistosoma mansoni  
is a worldwide public health problem present in 
the Caribbean Isles, South America, Africa, and 
Arabia, with widespread geographical extension 
and an increase in prevalence. The parasite 
involves humans by attaching to the skin, pene-
trating it, and then migrating through the venous 
system to the portal veins where the parasites 
produce eggs. 

 Symptoms of acute or chronic systemic dis-
ease may include fever, cough, chills, blood in 
the urine, and painful urination, abdominal dis-
comfort, bloody diarrhea or blood in stools, and 
renal, hepatic, and spleen failure. Ocular involve-
ment in schistosomiasis includes keratouveitis, 
vascular changes such as retinal hemorrhages, 
cotton-wool spots, and hard exudates, optic disk 
atrophy, and choroiditis [ 82 – 85 ]. 

 Diagnosis of schistosomiasis is based on iso-
lation of  S. mansoni  eggs in stool examination. 
Blood tests and more recently PCR tests can aid 
in confi rming the diagnosis, but positive results 
might only be an indication of past exposure. 
Currently, treatments for this disease include pra-
ziquantel (Biltricide®) and/or albendazole [ 86 ]. 
Ocular schistosomiasis should never be treated 
with praziquantel. In fact, parasite destruction 
within the eye may cause irreparable damage.   

12.3    Fungal Infections 

12.3.1    Ocular Histoplasmosis 

12.3.1.1    Presumed Ocular 
Histoplasmosis Syndrome 

 Presumed ocular histoplasmosis syndrome 
(POHS) is a multifocal chorioretinitis presumed 
to be caused by infection with  Histoplasma cap-
sulatum , a dimorphic fungus with both yeast and 
fi lamentous forms early in life.

  Fig. 12.9    Photograph showing intravitreal gnathostomi-
asis (Courtesy, Jyotirmay Biswas)       
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    Epidemiology 
 POHS is most frequently found in endemic areas 
of the United States such as the Ohio and 
Mississippi River valleys, where 60 % of indi-
viduals react positively to histoplasmin skin test-
ing. However, POHS has also been reported in 
nonendemic areas in this country (Maryland) and 
sporadically throughout Europe (the United 
Kingdom and the Netherlands) [ 87 ,  88 ]. Areas in 
South America, Africa, and Southeast Asia are 
also known to have a high prevalence of systemic 
histoplasmosis [ 89 ]. POHS occurs most fre-
quently in the second to fi fth decade of life. There 
is no gender preference, but the condition is 
found primarily in whites [ 88 ,  90 ,  91 ].  

   Pathogenesis 
 Primary infection occurs after inhalation of the 
fungal spores into the lungs. Acquired histoplas-
mosis is usually asymptomatic or may result in a 
benign illness, typically during childhood. Ocular 
disease is thought to arise as a consequence of 
hematogenous dissemination of the organism to 
the spleen, liver, and choroid following the initial 
pulmonary infection. The choroiditis may sub-
side and leave an atrophic scar and depigmenta-
tion of the RPE, or it may result in disruption of 
the Bruch membrane, choriocapillaris, and RPE, 
with subsequent proliferation of subretinal ves-
sels originating from the choroid. The initiating 
stimulus for the growth of new subretinal vessels 
is unknown. However, immune mechanisms in 
patients with an underlying genetic predisposi-
tion for the development of this disease have 
been implicated. A recent case-control study 
demonstrates signifi cantly increased odds of 
CNV secondary to POHS in patients who smoke 
compared with patients who never smoked [ 92 ]. 

 HLA-DRw2 is twice as common among 
patients with histo spots    alone, whereas both 
HLA-B7 and HLA-DRw2 are two to four times 
more common among patients with disciform 
scars caused by POHS as compared to control 
subjects [ 93 ,  94 ].  

   Clinical Features 
 The diagnosis of POHS is based on the clinical 
triad of multiple white, atrophic choroidal scars 

(histo spots), peripapillary pigment changes, and 
a maculopathy caused by CNV in the absence of 
cellular reaction in the anterior chamber or vitre-
ous cavity. Most often, both eyes are involved 
asymmetrically. Histo spots may appear in the 
macula or periphery, are discrete and punched 
out (arising from a variable degree of scarring in 
the choroid and adjacent outer retina), and are 
typically asymptomatic (Fig.  12.10 ). Histo spots 
are noted in 2.6 % of the population living in 
endemic areas and in 4.4 % of the endemic popu-
lation with a positive histoplasmosis skin test 
[ 95 ]. Linear equatorial streaks can be seen in 5 % 
of patients. The histo spots are usually stable but 
may undergo changes in shape and size. They 
have been shown to become larger over time. The 
mechanism of change in size and shape of these 
lesions is unknown. Long-term follow-up has 
shown that 9–16 % of patients will develop new 
histo spots [ 96 ,  97 ]. It has also been shown that 
50 % of eyes will have changes in atrophic scar-
ring manifested by increased size or by formation 
of new scars in the peripapillary, macular, and 
peripheral regions.

   A ring of peripapillary atrophy (Fig.  12.10 ) 
occurs in the majority of cases of POHS. This ring 
is characteristic, with a narrow inner pigment 
zone adjacent to the disk edge and a white depig-
mented zone away from the disk. CNV usually 
involves the macula (Fig.  12.10 ). Metamorphopsia 
and a profound reduction in central vision are the 
most common symptoms of macular involvement 
from CNV. On fundus examination, active neo-
vascular membrane appears as a yellow-green 
subretinal lesion, frequently arising at the border 
of a histo spot, typically surrounded by a pigment 
ring and associated with overlying neurosensory 
detachment and subretinal hemorrhage. Cicatricial 
changes characterize advanced disease with sub-
retinal fi brosis and disciform scarring of the mac-
ula. Over time, new choroidal scars develop in 
more than 20 % of patients. However, only 3.8 % 
of these progress to CNV. If histo spots appear in 
the macular area, the patient has a 25 % chance of 
developing CNV within 3 years. If no spots are 
observed, the chances fall to 2 %. The risk of 
developing CNV in the contralateral eye is high, 
ranging from 8 to 24 % over a 3-year period [ 98 ].  
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  Fig. 12.10    ( a ) Color fundus photograph shows 
POHS related choroidal neovascular membrane with mac-
ular hemorrhages. ( b ) Late-phase fl uorescein angiogram 
shows leakage of the choroidal neovascular membrane. 
( c ) Mid-phase fl uorescein angiogram shows peripheral 
histo spots. ( d ) OCT shows a subretinal hyperrefl ective 

lesion associated with SRD and cystoid spaces. ( e ) Color 
fundus photograph 12 months after a single intravitreal 
injection of Bevacizumab shows macular subretinal 
fi brotic lesion with resolution of SRD and persistence of 
some retinal cysts on OCT ( f )       
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   Ancillary Tests 
 Classic choroidal neovascularization is recog-
nized on FA as discrete early hyperfl uorescence 
with late leakage of dye into the overlying neuro-
sensory retinal detachment. Occult CNV can 
occur in two forms: fi brovascular pigment epithe-
lial detachments, which typically appear as stip-
pled leakage associated with elevated RPE, and 
late leakage of undetermined source. A lacy pat-
tern within classic CNV is observed more com-
monly in POHS than in other causes of CNV such 
as age-related macular degeneration (AMD) [ 95 ]. 

 OCT is helpful in the diagnosis and follow-up 
of CNV. 

 The histoplasmin skin test is the most valu-
able laboratory test in the diagnosis of ocular 
histoplasmosis. Although 80 % of patients with 
POHS have a positive reactions to skin tests, this 
is not routinely used in clinical practice because 
in endemic regions up to two thirds of the popu-
lation may be positive responders [ 98 ]. Serologic 
tests are generally not helpful in establishing 
causation because antibodies decline to low or 
undetectable levels 2–5 years after systemic 
infection [ 95 ].  

   Differential Diagnosis 
 The differential diagnosis of POHS includes enti-
ties other than AMD that is  frequently associated 
with CNV including high myopia, angioid 
streaks, choroidal rupture, idiopathic CNV, mul-
tifocal choroiditis, punctate inner choroidopathy, 
and granulomatous fundus lesions that may 
mimic the scarring seen in POHS (as in toxoplas-
mosis, tuberculosis, coccidioidomycosis, syphi-
lis, sarcoidosis, and toxocariasis). The atrophic 
spots and maculopathy of myopic degeneration 
and disciform scarring in AMD may also be con-
fused with POHS.  

   Treatment 
 Treatment options for vision-threatening CNV 
include thermal laser photocoagulation, photody-
namic therapy (PDT), submacular surgery for 
membrane removal, and intravitreal injection of 
triamcinolone or anti-VEGF agents [ 87 ]. 

 Argon and krypton laser photocoagulation 
have proved their effi cacy in the treatment of 

extrafoveal and juxtafoveal CNV in POHS. The 
proportion of eyes experiencing severe visual 
loss was signifi cantly reduced with laser photo-
coagulation. Disease progression was seen in 
12 % of treated individuals compared with 42 % 
of control patients. A high rate of persistent or 
recurrent CNV was observed following photoco-
agulation in 26 % of extrafoveal and in 33 % of 
juxtafoveal lesions [ 99 ]. 

 PDT with verteporfi n has been advocated for 
the treatment of subfoveal POHS-associated 
CNV based on small, prospective, uncontrolled 
case series [ 100 – 103 ]. 

 Similarly, intravitreal triamcinolone was 
shown to be relatively safe and effective in the 
management of POHS-associated juxtafoveal 
and subfoveal CNV in small retrospective case 
studies [ 104 ]. 

 More recently, intravitreal injection of anti- 
VEGF proved their effi cacy in the management 
of CNV complicating POHS (Fig.  12.10 ) [ 105 , 
 106 ]. A recent study showed that there is no sig-
nifi cant difference in VA outcomes between 
intravitreal bevacizumab monotherapy versus 
intravitreal bevacizumab/PDT combination ther-
apy after a follow-up of 2 years [ 107 ]. 

 Submacular surgery for the removal of 
CNV lesions may be considered for patients 
with initial VA worse than 20/100 and in 
selected cases of extensive peripapillary CNV 
[ 108 – 114 ].    

12.3.1.2    Histoplasmic Endophthalmitis 
    Histoplasmic endophthalmitis usually begins as 
a peripheral focal retinitis associated with vitri-
tis and iridocyclitis [ 115 ]. Histoplasmic endo-
phthalmitis is usually recognized in patients with 
disseminated histoplasmosis [ 116 ]. It is often 
seen in immunocompromised individuals and 
is becoming even more common as a result of 
the widespread use of chemotherapeutic agents. 
The diagnosis of histoplasmic endophthalmitis 
is made by cultures of the aqueous and vitre-
ous. Treatment involves the use of systemic 
amphotericin B and ketoconazole. Intravitreal 
injections of amphotericin B are used in severe 
cases that are unresponsive to systemic treat-
ment [ 115 ]. 
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13.1            Introduction 

 Acute retinal necrosis (ARN) is a rare, but poten-
tially a blinding disease, characterized by pro-
gressive peripheral necrotizing retinitis. The fi rst 
report in the medical literature of this entity was 
published by Akira Urayama and his colleagues 
in Japan in 1971 [ 1 ]. The initial report that impli-
cated human herpes virus as the etiological agent 
of ARN was published in 1982 [ 2 ]. Since then, 
varicella zoster virus (VZV), herpes simplex 
virus (HSV) type 1 and type 2, and, very rarely, 
cytomegalovirus (CMV) and Epstein-Barr (EB) 
virus have been defi nitively implicated as an etio-
logical agents of ARN [ 3 ,  4 ]. 

 In the United Kingdom, two nationwide sur-
veillances estimated the incidence of ARN to be 
approximately one case per 1.6–2.0 million pop-
ulation per year [ 5 ,  6 ]. Goto H et al. [ 7 ] conducted 
an epidemiological survey of intraocular infl am-
mation at the uveitis clinic of university hospitals 
in Japan during 2002 and showed that ARN is 
diagnosed in only 1.3 % of endogenous uveitis 
patients. Recently, Al-Mezaine et al. [ 8 ] showed 
that ARN has been diagnosed in 2.8 % from all 

uveitis patients admitted at a referral university 
hospital in Saudi Arabia.  

13.2     Clinical Manifestations 

 Although ARN syndrome may occur in immuno-
compromised such as patients with acquired 
immunodefi ciency syndrome (AIDS) [ 9 ,  10 ], the 
disease usually occurs suddenly and without any 
warning signs in healthy immunocompetent 
persons. 

 The onset of ARN is generally unilateral. 
Fellow eye involvement occurs in approximately 
one third of patients, typically within 6 weeks of 
the initial involvement [ 11 ]. Second eye involve-
ment decades following an initial infection has 
been also reported [ 12 ,  13 ]. 

 The most common complaints at presentation 
were red eye, blurred vision, decreased vision, 
and ocular pain. Biomicroscopic examination of 
the anterior segment may reveal episcleritis, scle-
ritis, keratitis, and/or anterior chamber infl amma-
tion, which may be either non-granulomatous or 
granulomatous manifested by mutton fat-like 
keratic precipitates (Fig.  13.1 ). However, hypo-
pyon, iris atrophy, and adhesion of anterior and 
posterior iris are extremely rare. Examination of 
the posterior segment may show vitreous infl am-
mation, arteritis, patchy full thickness peripheral 
necrotizing retinitis (Fig.  13.2 ), and in some 
cases, involvement of the optic disk [ 14 ]. 
Typically, the retinitis presents as multifocal, 
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small, patchy, white-yellow granular lesions in 
the peripheral retina gradually enlarge circumfer-
entially and fuse to form dense geographic 
opaque lesions and eventually spreading toward 
the posterior pole. Vitreous organization and 
traction may progress during this phase, produc-
ing retinal breaks. Retinal detachment corre-
sponding to the site of necrosis occurs at a very 
high rate, ranging from 50 to 75 % during the 
course of the disease [ 15 ].

    Delayed complications of ARN may include 
chronic vitritis, macular edema, optic atrophy, 
epiretinal membrane formation, proliferative vit-
reoretinopathy, viral relapse with cessation of 
antiviral medication, and phthisis bulbi [ 16 ].  

13.3     Diagnosis 

 In 1994, the American Uveitis Society estab-
lished the standard clinical criteria for the diag-
nosis of ARN [ 17 ]. According to the criteria, the 
diagnosis of ARN syndrome should be generally 
based on clinical appearance and the course of 
infection. These criteria are (1) focal well- 
demarcated areas of retinal necrosis with discrete 
borders in the peripheral retina, (2) rapid circum-
ferential progression of necrosis in the absence of 
antiviral therapy, (3) evidence of occlusive vascu-
lopathy, and (4) prominent infl ammation in the 
vitreous and anterior chamber. However, even 
with these specifi c diagnostic criteria, much 

  Fig. 13.1    Anterior segment photography of a patient with acute retinal necrosis showing a mutton fat-like keratic 
precipitates       

a b

  Fig. 13.2    ( a ) Peripheral retina of a patient with acute retinal necrosis showing periarterial vascular sheathing and 
necrotizing retinitis. ( b ) Fluorescein angiogram showing peripheral occlusive vasculopathy       
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ambiguity can still exist in assaying a defi nite eti-
ology for many cases of posterior uveitis. 

 In the last decade, great advances have been 
made in the diagnosis of ARN syndrome, such as 
detection of viral DNA in intraocular fl uids using 
polymerase chain reaction (PCR). PCR analysis of 
aqueous humor can be especially helpful and clini-
cally important for cases of posterior uveitis of 
unknown etiology. In 2003, Tran et al. [ 18 ] per-
formed PCR on aqueous humor for the detection 
of viral DNA in patients with necrotizing herpetic 
retinitis. Specifi c viral DNA was detected in the 
aqueous humor of 86.4 % of cases. Although more 
invasive than anterior chamber paracentesis, vitre-
ous sampling obtained at the time of vitrectomy 
can also be used for the diagnosis of ARN [ 19 ]. 

 PCR analysis of ocular fl uids can also be sup-
plemented with calculation of a Goldmann- 
Witmer coeffi cient (GWC) in the diagnosis of 
ARN. The GWC is a method of comparing intra-
ocular antibody production to serum antibody pro-
duction to diagnose ocular infections. The addition 
of a GWC to PCR can add additional diagnostic 
information in cryptic cases of posterior uveitis in 
which PCR is inconclusive [ 20 ,  21 ]. However, 
there are some drawbacks to this indirect method. 
Intraocular antibody production is not adequate 
during the early phase after onset, and therefore 
the GWC value cannot be calculated.  

13.4     Management 

13.4.1     Systemic Antiviral Therapy 

 After discovering the causative association 
between herpes viruses and ARN, the only 
available antiviral agent was intravenous acy-
clovir. The typical induction dose for intrave-
nous acyclovir is 10–15 mg/kg given three 
times a day for 7–10 days. This should be fol-
lowed by oral acyclovir 800 mg fi ve times a day 
for 3–4 months [ 22 – 24 ]. Newer oral agents 
such as valacyclovir, famciclovir, and valganci-
clovir have greater bioavailability than oral 
acyclovir and can produce systemic concentra-
tions nearly equal to those obtained with intra-
venous acyclovir [ 25 ].  

13.4.2     Intravitreal Antiviral Therapy 

 Foscarnet is an inhibitor of viral DNA poly-
merase, is not dependent on viral kinases for 
activation, and therefore can be used against 
acyclovir-resistant herpes viruses. Multiple 
case reports describe the successful use of 
intravitreal foscarnet either as salvage therapy 
for cases of ARN not responding to standard 
therapy or as an adjuvant to IV acyclovir admin-
istered at the time of initial diagnosis [ 26 ,  27 ]. 
Most recently, a retrospective case series dem-
onstrated a non- statistically signifi cant 40 % 
reduction in the rate of retinal detachments in 
VZV-associated ARN patients treated with 
intravitreal foscarnet [ 28 ]. 

 Ganciclovir can be given intravitreally or with 
the help of a surgically implanted device to 
release a sustained intravitreal concentration of 
1 μg per hour over an 8-month period for patients 
with ARN related to CMV [ 29 ,  30 ]. 

 Considering the high frequency of signifi cant 
infl ammation associated with ARN that contrib-
ute to the vision loss—such as moderate to severe 
vitritis, serous retinal detachment involving or 
threatening the macula, or retinitis or occlusive 
vasculitis involving or threatening the optic nerve 
or macula—it should be recommended to initiate 
a relatively a high dose of systemic corticoste-
roids (almost 1 mg/kg/day) together with antivi-
ral drug at the onset of disease [ 23 ,  31 ]. The 
dosage of corticosteroid should be tapered in 
accordance with the clinical fi ndings. Topical 
1 % prednisolone acetate and a cycloplegic agent 
can be added to treat anterior chamber infl amma-
tion [ 32 ]. The use of oral antiplatelet agents, such 
as aspirin (100 mg/day), to help prevent retinal 
vascular occlusion has been suggested as well 
[ 23 ,  31 ], however the use of such agents remains 
controversial [ 32 ].  

13.4.3     Prophylactic Laser 
Photocoagulation 

 The aim of prophylactic photocoagulation in ARN 
is to prevent retinal detachments and the associ-
ated poor visual outcomes. However, the use of 
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photocoagulation in patients with ARN is contro-
versial and the level of evidence supporting its use 
is generally weak [ 33 ]. Still, some authors believe 
that prophylactic laser treatment delivered poste-
rior to active retinitis may help prevent progres-
sion to retinal detachment [ 34 – 36 ]. In the absence 
of a randomized study, the decision to apply laser 
must be individualized for each patient.  

13.4.4     Surgery 

 Rhegmatogenous    retinal detachment, often com-
plicated by proliferative vitreoretinopathy, 
occurs in up to three-quarters of patients with 
ARN [ 34 ,  36 – 38 ]. When retinal detachments do 
occur in the setting of ARN, there are often both 
rhegmatogenous and tractional components, and 
management should address both of these con-
tributing factors. Vitrectomy, lensectomy, endol-
aser, and long-acting gas or silicone oil 
tamponade have shown success in retinal reat-
tachment repair and recovery of vision [ 39 – 42 ]. 
Recently, some investigators have advocated for 
early vitrectomy surgery in ARN patients before 
the appearance of a retinal detachment. Ishida 
et al. [ 42 ] reviewed the outcomes of patients 
with ARN who underwent a prophylactic vitrec-
tomy; the surgery was not helpful in preventing 
detachments in eyes with posterior pole involve-
ment. However, the rate of retinal detachment 
was lower in patients with mid-peripheral 
involvement that received the prophylactic sur-
gery. Another study also found that early vitrec-
tomy might prevent retinal detachments, but 
there was no clear benefi t in the fi nal visual out-
come [ 41 ]. 
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14.1           Introduction 

 Cytomegalovirus is an omnipresent human virus of 
the  Herpesviridae  family. It is known to cause cyto-
megalovirus (CMV) retinitis which is an opportu-
nistic ocular infection affecting immunosuppressed 
individuals, as seen in acquired immune defi ciency 
syndrome (AIDS), or those with induced immuno-
suppression – by means of chemotherapy and 
immune modulators. This infection was common 
before the introduction of highly active antiretrovi-
ral therapy (HAART). But despite the decrease in 
incidence, it remains relatively important [ 1 ].  

14.2    Epidemiology 

 CMV is a widely spread virus. A recent epidemio-
logical study in the United States showed an over-
all age-adjusted CMV seroprevalence of 50.4 % 
[ 2 ]. CMV seroprevalence was higher in low socio-
economic groups, females, older age, and foreign 
birthplace [ 2 ]. Residents of developing countries 
have also higher CMV seroprevalence reaching up 
to 97 % [ 3 ,  4 ]. This virus is usually acquired via 

placental spread, breast- feeding, sexual contact, 
organ and bone marrow transplant, and blood 
transfusions. In healthy infected individuals, the 
virus remains quiescent until activation occurs by 
compromising or suppressing the immune system. 
Once immunity is suppressed, systemic infections 
of the lungs, central nervous system, gastrointesti-
nal tract, and retina occur [ 1 ]. 

 CMV retinitis occurs in 25–42 % of all patients 
who develop AIDS when CD4 +  T cell count is 
less than 50 cells/mm 3  [ 5 – 7 ]. These rates have 
decreased signifi cantly in the HAART era [ 8 ,  9 ]. 
CMV retinitis was associated with higher mortal-
ity among AIDS patients prior to the introduction 
of HAART [ 10 – 12 ]. For those presumed to be on 
HAART, at least 20 % continue to be at risk of 
CMV retinitis due to poor response to HAART, 
do not tolerate the regimen, or are noncompliant 
[ 13 ,  14 ]. Patients on HAART who still develop 
CMV retinitis and have a detectable CMV viral 
load still have an increased risk of mortality [ 15 ]. 

 In addition, CMV retinitis may still occur after 
reconstitution of CD4 +  T cell count to more than 
500 cells/mm 3 , which means there are other factors 
that might infl uence disease development, and con-
tinuous monitoring for such patients is needed [ 16 ].  

14.3    Clinical Features 

 In early CMV retinitis with small peripheral reti-
nal lesions, the disease may be asymptomatic or 
with minimal visual symptoms. The most  common 
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presenting symptoms were blurred vision, fl oat-
ers, photopsia, and eye pain [ 17 ]. Floaters and 
photopsia were found to be signifi cant predictors 
of CMV retinitis [ 18 ]. A recent study of 494 eyes 
in AIDS patients with CMV retinitis, 29 % had a 
visual acuity of 20/50 at the time of diagnosis and 
15 % had 20/200 or worse [ 19 ]. A more recent 
study of 476 patients with AIDS and CMV retini-
tis and visual fi eld data has shown that despite a 
six-fold reduction of incident visual fi eld loss 
compared to the pre-HAART era, CMV retinitis 
still carries considerable risk of visual fi eld loss 
[ 20 ]. Slit lamp examination of the anterior seg-
ment will usually reveal a white and quiet eye. 
Mild anterior chamber reaction and fi ne keratic 
precipitates may be seen. Vitreous reaction is 
typically negligible. Fundoscopic exam may 
show small white retinal infi ltrates. These may 
resemble cotton wool spots and might be mis-
taken for HIV microangiopathy. Thus large – 
over 750 μm – cotton wool spots should be 
suspected as CMV retinitis. 

 Optic neuritis can occur in up to 4 % of 
patients with CMV retinitis. This occurs either 
through spread from adjacent retina or pri-
mary involvement of the optic nerve [ 21 ,  22 ]. 
It can lead to rapid irreversible visual loss, but 
early recognition and treatment has a better 
prognosis. CMV papillitis does not carry a 
worse prognosis for survival than CMV retini-
tis alone [ 21 ]. 

 There are two characteristic clinical variants 
of CMV retinitis that have been described: (1) A 
fulminant edematous type, characterized by con-
fl uent areas of retinal whitening and marked 
edema that is usually accompanied with mild to 
moderate hemorrhagic necrotizing retinitis and 
vascular sheathing (Fig.  14.1 ) [ 23 ]. It has a slow 
persistent “brush fi re”-like extension along the 
course of retinal vessels. (2) The second is the 
granular indolent type, more commonly starting 
in the retinal periphery as oval or round lesions 
surrounded by a granular border of punctate 
white lesions. This type is characterized by less 
retinal edema, fewer or no hemorrhages, and no 
vascular sheathing [ 24 ]. In selected patients, a 
perivascular CMV retinitis where vascular 
sheathing is the prominent fi nding can give an 
appearance similar to frosted branch angiitis 
(Fig.  14.2 ) [ 25 ].

    This classifi cation is somewhat abstruse as it 
is often seen when examining CMV retinitis 
patients in that they can harbor all these clinical 
forms concurrently. 

 Retinopathy lesion are generally plottes in one 
or more of three zones [ 26 ]. Zone 1 is the area 
within 1,500 mm of the optic nerve or 3,000 mm 
of the fovea. Zone 2 extends to the equator 
defi ned by ampullae vortex veins, and Zone 3 
consists of the remaining anterior retina. 

 The median rate of progression for the retinal 
lesions towards the fovea without therapy is usu-

  Fig. 14.1    Fulminant CMV retinitis       
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ally slow at around 24 μm/day. Those on anti- 
CMV treatment have a therapeutic benefi t with a 
median progression rate of 11.5 μm/day [ 27 ]. 
Due to the apparently slow evolution of retinal 
lesions, serial photographs are much more sensi-
tive than fundoscopy or fundus drawings for the 
detection of relapsing CMV retinitis [ 1 ].  

14.4    Diagnosis 

 CMV retinitis is diagnosed on the basis of clini-
cal examination that reveals typical ophthalmo-
scopic fi ndings in immunocompromised patients. 
Seropositivity is of no big value as it can be 
detected in the majority of normal individuals. 
Nevertheless, documented rising CMV DNA 
blood levels appear to be associated with active 
CMV retinitis in individuals with low CD4 +  T 
cell count [ 28 ]. In patients with active retinitis, 
there was a strong association between high tear 
levels of anti-CMV antibodies and active ocular 
infection [ 29 ]. PCR-based analysis of ocular fl u-
ids is of high sensitivity and specifi city to aid in 
diagnosing critical cases to differentiate CMV 
from other causes of necrotizing retinitis like her-
pes viruses and toxoplasma retinochoroiditis in 
immunocompromised patients [ 30 ]. This is of 
utmost importance in patients who are not 
responsive to treatment, or in those with atypical 
lesions. 

 The differential diagnoses of CMV retinitis 
include those of cotton wool spots (CWS) in the 
early stage of the disease. In later disease, acute 
retinal necrosis (ARN) and progressive outer reti-
nal necrosis (PORN) due to HSV or VZV, toxo-
plasma retinochoroiditis, syphilitic necrotizing 
retinitis, fungal infections, and intraocular lym-
phoma should be differentiated from CMV 
retinitis.  

14.5    Treatment 

 Successful treatment of CMV retinitis requires 
both anti-CMV therapy and HAART. Therefore 
collaborating with the treating physician is a 
must in order to tailor the treatment plan as to get 
the most favorable response to anti-CMV therapy 
[ 31 – 33 ]. 

14.5.1    Ganciclovir 

 This is a virostatic antiviral agent that selectively 
inhibits CMV DNA polymerase. Due to its poor 
oral bioavailability, it is usually administered 
intravenously. Induction dose is 5–7.5 mg/kg 
twice daily for 2–4 weeks followed by 5 mg/kg/
day for 5 days per week as a maintenance dose. 
Intravitreal route is an alternative means of deliv-
ery. Intravitreal injections are given at a dose of 

  Fig. 14.2    Frosted branch angiitis due to perivascular CMV retinitis (Courtesy of Nicholas Jones)       
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200–2,000 mg/0.1 ml twice a week for 2–4 weeks 
as an induction dose. This is followed by a 
weekly injection as maintenance. The intravitreal 
implants – a polymer-based depot – provide a 
higher effective concentration at the site of action 
probably due to slow constant release of ganci-
clovir for up to 8 months and are exchangeable if 
empty or if infection recurs [ 34 ]. 

 Intravitreal ganciclovir may be effective in 
cases of previously failed intravenous therapy to 
avoid serious systemic disadvantages and toxic-
ity especially bone marrow suppression [ 35 ]. 

 Valganciclovir is a prodrug of ganciclovir 
with better bioavailability after oral administra-
tion. Its effect and toxicity are similar to ganci-
clovir [ 36 ,  37 ]. The induction dose is 900 mg 
twice a day for 3 weeks followed by maintenance 
dose of 900 mg once a day [ 38 ].  

14.5.2    Foscarnet 

 Foscarnet is a virostatic agent that inhibits CMV 
DNA polymerase. Due to its antiretroviral activ-
ity however, it results in decreased mortality 
when compared to ganciclovir [ 10 ]. Nevertheless, 
it is less tolerated by patients and highly nephro-
toxic, but renal functions can revert to normal 
upon drug cessation [ 39 ]. 

 Induction dose is 90 mg/kg intravenously 
twice a day for 2–3 weeks followed by 
90–129 mg/kg once daily for maintenance. 
Intravitreal injections as an alternative can be 
given at a dose of 2.4 mg/0.1 ml twice a week for 
2–3 weeks followed by maintenance injection 
once a week. 

 Foscarnet is usually used in ganciclovir- 
resistant cases [ 40 ]. In addition, combined ther-
apy with both antiviral agents has been shown to 
decrease resistance [ 41 ].  

14.5.3    Cidofovir 

 This drug suppresses viral replication by selec-
tively inhibiting CMV DNA polymerase. Due to 
its toxic effects, it is administered along with pro-
benecid and intravenous hydration. It may also 

cause severe anterior uveitis and infl ammation 
leading to hypotony [ 42 ]. 

 Induction dose is 5 mg/kg intravenous infusion 
given once weekly for 2 weeks, then every 2 weeks 
as a maintenance dose. Intravireal injections can 
be used to avoid systemic toxicity at a dose of 
15–20 microgram (µg) every 6 weeks [ 43 ].  

14.5.4    Fomivirsen 

 Fomivirsen binds the complementary sequence 
of mRNA and thus inhibits CMV replication 
[ 44 ]. It is only available as an intravitreal injec-
tion at a dose of 330 µg/week for 2 weeks as an 
induction regimen followed by the same dose 
every 4 weeks for maintenance. Side effects 
include anterior uveitis, vitritis, high intraocular 
pressure, retinal pigment epitheliopathy, and an 
increased risk of retinal detachment [ 45 ,  46 ]. 

 Regardless of the antiviral agent, both intravit-
real implants and injections are relatively safe in 
comparison to intravenous antiviral therapy. A 
recent study has shown that intravenous anti- 
CMV therapy seems to provide more benefi ts in 
terms of longer survival and decreased CMV dis-
semination. In addition, intraocular therapy had 
greater rates of retinitis progression and greater 
visual fi eld loss. Hematologic and renal side 
effects were similar between systemic and intra-
ocular anti-CMV therapy [ 47 ].   

14.6    Complications 

 Rhegmatogenous retinal detachment is a serious 
complication of CMV retinitis occurring in 
11–35 % of eyes [ 48 ,  49 ]. Such complication 
occurs due to necrotic breaks at the junction of 
healed retinitis and normal retina [ 50 ]. These 
breaks are usually multiple, irregular, and anterior 
in location which makes it diffi cult to visualize 
and increase the risk for retinal detachment [ 51 ]. 

 The treatment of choice for rhegmatogenous 
retinal detachments associated with CMV retinitis 
is pars plana vitrectomy with silicone oil tampon-
ade [ 52 ]. Relatively low redetachment rates have 
been shown after silicone oil removal [ 50 ,  53 ]. 
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Prophylactic argon laser has been shown to reduce 
the risk of subsequent retinal detachments in 
patients treated medically for CMV retinitis [ 54 ]. 

 Another recently described complication is 
immune reactivity uveitis (IRU). First described by 
Zegans and Karavellas [ 55 ,  56 ], this severe vitreous 
and anterior chamber infl ammation is believed to 
occur in AIDS or immunocompromised patients 
with CMV retinitis who recover their immunity 
with HAART therapy. The postulated mechanism 
of IRU is believed to be due to immune reaction 
against CMV antigens [ 57 – 59 ]. Patients with IRU 
complain of blurred, decreased, or foggy vision 
and fl oaters. IRU can cause complications such as 
epiretinal membranes, cystoid macular edema, or 
vitreomacular traction [ 55 ,  60 ,  61 ]. The most com-
mon effective treatment for IRU is corticosteroids 
[ 62 ,  63 ]. Although continuing anti-CMV agents 
after immune reconstitution is not protective, it has 
been shown that aggressive anti-CMV administra-
tion before and early after starting HAART reduces 
incidence of IRU [ 55 ,  58 ,  60 ].  

14.7    Prognosis 

 Although HAART has improved outcomes in 
CMV retinitis as compared to the pre-HAART 
era, a recent long-term study showed that AIDS 
patients with CMV retinitis are still at a high risk 
for mortality, retinitis progression, complications 
of the retinitis, and visual loss over a 5-year 
period [ 64 ]. Nevertheless, stopping anti-CMV 
agents after immune reconstitution did not 
increase possibility of poor outcome [ 15 ,  65 ].  

14.8    Prevention 

 Before the advent of HAART   , recommendations 
for ophthalmic screening in AIDS patients to rule 
out CMV retinitis were based on the CD4 +  T cell 
count: yearly screens in patients with a CD4 +  T 
cell count of >100 cells/ml, biannually for those 
with a CD4 +  T cell count ranging from 50 to 100 
cells/ml, and every 3 months for those with 
<50 cells/ml [ 1 ,  18 ,  31 ]. Those at high risk can 
receive oral ganciclovir 1,000 mg three times 

daily and valaciclovir 2,000 mg four times a day 
as it will signifi cantly reduce the risk of develop-
ing CMV disease, including CMV retinitis [ 66 , 
 67 ]. This prophylaxis is not used in HIV-infected 
individuals who achieve immune reconstitution 
with HAART. Furthermore, patients with previ-
ous CMV retinitis should be examined regularly 
after immune reconstitution [ 68 ]. 

 Compliance with Ethical Requirements 

Confl ict of Interest The authors declare that they have no 
confl ict of interest.

Informed Consent No human studies were carried out 
by the authors for this article.

Animal Studies No animal studies were carried out by 
the authors for this article.     

   References 

       1.    Wiegand TW, Young LHY. Cytomegalovirus retinitis. 
Int Ophthalmol Clin. 2006;46:91–110.  

     2.    Bate SL, Dollard SC, Cannon MJ. Cytomegalovirus 
seroprevalence in the United States: the national 
health and nutrition examination surveys, 1988–2004. 
Clin Infect Dis. 2010;50:1439–47.  

    3.    Ahmed SA, et al. The prevalence of human cytomega-
lovirus seropositivity among blood donors at the Unit 
of Blood Transfusion Medicine. Hospital Universiti 
Sains Malaysia. Southeast Asian J Trop Med Public 
Health. 2006;37:294–6.  

    4.    Tabatabaee M, Tayyebi D. Seroepidemiologic study 
of human cytomegalovirus in pregnant women in 
Valiasr Hospital of Kazeroon, Fars, Iran. J Matern 
Fetal Neonatal Med. 2009;22:517–21.  

    5.    Hoover DR, et al. Occurrence of cytomegalovirus 
retinitis after human immunodefi ciency virus immu-
nosuppression. Arch Ophthalmol. 1996;114:821–7.  

   6.    Montaner JS, et al. The changing spectrum of AIDS 
index diseases in Canada. AIDS. 1994;8:693–6.  

    7.    Pertel P, et al. Risk of developing cytomegalovirus 
retinitis in persons infected with the human immuno-
defi ciency virus. J Acquir Immune Defi c Syndr. 
1992;5:1069–74.  

    8.    Sugar EA, et al. Incidence of cytomegalovirus retinitis 
in the era of highly active antiretroviral therapy. Am J 
Ophthalmol. 2012;153:1016–24.e5.  

    9.    Harooni M, Lashkari K, Freilich JM, Schepens 
CL. Cytomegalovirus retinitis. Int Ophthalmol Clin. 
1996;36:131–40.  

14 Infections of the Posterior Segment: Cytomegalovirus Retinitis



166

     10.   Mortality in patients with the acquired immunodefi -
ciency syndrome treated with either foscarnet or gan-
ciclovir for cytomegalovirus retinitis. Studies of 
Ocular Complications of AIDS Research Group, in 
collaboration with the AIDS Clinical Trials Group. N 
Engl J Med 1992;326:213–20.  

   11.    Bowen EF, Griffi ths PD, Davey CC, Emery VC, 
Johnson MA. Lessons from the natural history of 
cytomegalovirus. AIDS. 1996;10 Suppl 1:S37–41.  

    12.    Gallant JE, Moore RD, Richman DD, Keruly J, 
Chaisson RE. Incidence and natural history of cyto-
megalovirus disease in patients with advanced human 
immunodefi ciency virus disease treated with zidovu-
dine. The Zidovudine Epidemiology Study Group. J 
Infect Dis. 1992;166:1223–7.  

    13.       Lewis JS, Terriff CM, Coulston DR, Garrison 
MW. Protease inhibitors: a therapeutic breakthrough 
for the treatment of patients with human immunodefi -
ciency virus. Clin Ther. 1997;19:187–214.  

    14.    Le Moing V, et al. Predictors of long-term increase in 
CD4(+) cell counts in human immunodefi ciency virus-
infected patients receiving a protease inhibitor- containing 
antiretroviral regimen. J Infect Dis. 2002;185:471–80.  

     15.    Jabs DA, et al. Risk factors for mortality in patients 
with AIDS in the era of highly active antiretroviral 
therapy. Ophthalmology. 2005;112:771–9.  

    16.    Barrett L, Walmsley S. CMV retinopathy in the anti-
retroviral therapy era: prevention, diagnosis, and man-
agement. Curr Infect Dis Rep. 2012;14:435–44.  

    17.    Wei LL, Park SS, Skiest DJ. Prevalence of visual 
symptoms among patients with newly diagnosed 
cytomegalovirus retinitis. Retina. 2002;22:278–82.  

     18.    Hodge WG, et al. Clinical risk factors for cytomegalo-
virus retinitis in patients with AIDS. Ophthalmology. 
2004;111:1326–33.  

    19.    Thorne JE, et al. Incidence of and risk factors for 
visual acuity loss among patients with AIDS and cyto-
megalovirus retinitis in the era of highly active antiret-
roviral therapy. Ophthalmology. 2006;113:1432–40.  

    20.    Thorne JE, Van Natta ML, Jabs DA, Duncan JL, 
Srivastava SK. Visual fi eld loss in patients with cytomeg-
alovirus retinitis. Ophthalmology. 2011;118:895–901.  

     21.    Mansour AM. Cytomegalovirus optic neuritis. Curr 
Opin Ophthalmol. 1997;8:55–8.  

    22.    Patel SS, et al. Cytomegalovirus papillitis in patients 
with acquired immune defi ciency syndrome. Visual 
prognosis of patients treated with ganciclovir and/or 
foscarnet. Ophthalmology. 1996;103:1476–82.  

    23.   Foscarnet-Ganciclovir Cytomegalovirus Retinitis Trial: 
5. Clinical features of cytomegalovirus retinitis at diag-
nosis. Studies of ocular complications of AIDS 
Research Group in collaboration with the AIDS Clinical 
Trials Group. Am J Ophthalmol 1997;124:141–57.  

    24.    Henderly DE, Freeman WR, Causey DM, Rao 
NA. Cytomegalovirus retinitis and response to therapy 
with ganciclovir. Ophthalmology. 1987;94:425–34.  

    25.    Spaide RF, Vitale AT, Toth IR, Oliver JM. Frosted 
branch angiitis associated with cytomegalovirus reti-
nitis. Am J Ophthalmol. 1992;113:522–8.  

    26.    Holland GN, Buhles WC, Mastre B, Kaplan HJ. A 
controlled retrospective study of ganciclovir treat-
ment for cytomegalovirus retinopathy. Use of a stan-
dardized system for the assessment of disease 
outcome. UCLA CMV Retinopathy. Study Group. 
Arch Ophthalmol. 1989;107:1759–66.  

    27.    Holland GN, Shuler JD. Progression rates of cytomega-
lovirus retinopathy in ganciclovir-treated and untreated 
patients. Arch Ophthalmol. 1992;110:1435–42.  

    28.    Tufail A, et al. Quantitative cytomegalovirus DNA 
level in the blood and its relationship to cytomegalovi-
rus retinitis in patients with acquired immune defi -
ciency syndrome. Ophthalmology. 1999;106:133–41.  

    29.    Rozanova EB, Teplinskaia LE, Kaliberdina AF, 
Barisani-Asenbauer T. Cytomegalovirus antibodies in 
tear fl uid of patients with retinitis. Arch Virol. 
2006;151:2407–17.  

    30.    McCann JD, et al. A sensitive and specifi c polymerase 
chain reaction-based assay for the diagnosis of cyto-
megalovirus retinitis. Am J Ophthalmol. 
1995;120:219–26.  

     31.    Dunn JP. Cessation of anti-CMV therapy in patients 
with CMV retinitis. Hopkins HIV Rep. 1998;10:11.  

   32.    Kedhar SR, Jabs DA. Cytomegalovirus retinitis in the 
era of highly active antiretroviral therapy. Herpes. 
2007;14:66–71.  

    33.    Kempen JH. Medical management of human immu-
nodefi ciency virus infection. Indian J Ophthalmol. 
2008;56:385–90.  

    34.    Martin DF, et al. Ganciclovir implant exchange. 
Timing, surgical procedure, and complications. Arch 
Ophthalmol. 1997;115:1389–94.  

    35.    Hatton MP, Duker JS, Reichel E, Morley MG, 
Puliafi to CA. Treatment of relapsed cytomegalovirus 
retinitis with the sustained-release ganciclovir 
implant. Retina. 1998;18:50–5.  

    36.    Lalezari J, et al. A safety study of oral valganciclovir 
maintenance treatment of cytomegalovirus retinitis. J 
Acquir Immune Defi c Syndr. 2002;30:392–400.  

    37.    Martin DF, et al. A controlled trial of valganciclovir as 
induction therapy for cytomegalovirus retinitis. N 
Engl J Med. 2002;346:1119–26.  

    38.    Segarra-Newnham M, Salazar MI. Valganciclovir: a 
new oral alternative for cytomegalovirus retinitis in 
human immunodefi ciency virus-seropositive individ-
uals. Pharmacotherapy. 2002;22:1124–8.  

    39.   Morbidity and toxic effects associated with ganciclo-
vir or foscarnet therapy in a randomized cytomegalo-
virus retinitis trial. Studies of ocular complications of 
AIDS Research Group, in collaboration with the 
AIDS Clinical Trials Group. Arch Intern Med 
1995;155:65–74.  

    40.    Ohta H, et al. Foscarnet therapy for ganciclovir- 
resistant cytomegalovirus retinitis after stem cell 
transplantation: effective monitoring of CMV infec-
tion by quantitative analysis of CMV mRNA. Bone 
Marrow Transplant. 2001;27:1141–5.  

    41.    Bacigalupo A, et al. Combined foscarnet-ganciclovir 
treatment for cytomegalovirus infections after 

M.A. Abouammoh et al.



167

 allogeneic hemopoietic stem cell transplantation. 
Transplantation. 1996;62:376–80.  

    42.    Akler ME, Johnson DW, Burman WJ, Johnson 
SC. Anterior uveitis and hypotony after intravenous 
cidofovir for the treatment of cytomegalovirus retini-
tis. Ophthalmology. 1998;105:651–7.  

    43.    Kirsch LS, et al. Intravitreal cidofovir (HPMPC) treat-
ment of cytomegalovirus retinitis in patients with 
acquired immune defi ciency syndrome. 
Ophthalmology. 1995;102:533–42. discussion 542–3.  

    44.    Detrick B, et al. Inhibition of human cytomegalovirus 
replication in a human retinal epithelial cell model by 
antisense oligonucleotides. Invest Ophthalmol Vis 
Sci. 2001;42:163–9.  

    45.    Stone TW, Jaffe GJ. Reversible bull’s-eye maculopathy 
associated with intravitreal fomivirsen therapy for cyto-
megalovirus retinitis. Am J Ophthalmol. 2000;130:242–3.  

    46.       Vitravene Study Group. Safety of intravitreous fomi-
virsen for treatment of cytomegalovirus retinitis in 
patients with AIDS. Am J Ophthalmol. 
2002;133:484–98.  

    47.    Jabs DA, Ahuja A, Van Natta M, Dunn JP, Yeh 
S. Comparison of treatment regimens for cytomegalo-
virus retinitis in patients with AIDS in the era of 
highly active antiretroviral therapy. Ophthalmology. 
2013. doi:  10.1016/j.ophtha.2012.11.023    .  

    48.    Freeman WR, et al. Risk factors for development of 
rhegmatogenous retinal detachment in patients with 
cytomegalovirus retinitis. Am J Ophthalmol. 1993;
116:713–20.  

    49.    Sandy CJ, et al. Retinal detachment in AIDS-related 
cytomegalovirus retinitis. Eye (Lond). 1995;9(Pt 
3):277–81.  

     50.    Dave VP, Mathai A, Pappuru RR. Results of silicone 
oil removal in post-cytomegalovirus retinitis-related 
retinal detachment. J Ophthalmic Infl amm Infect. 
2012;2:153–5.  

    51.    Jabs DA, Enger C, Haller J, De Bustros S. Retinal 
detachments in patients with cytomegalovirus retini-
tis. Arch Ophthalmol. 1991;109:794–9.  

    52.    Irvine AR, et al. Retinal detachment in AIDS: long- 
term results after repair with silicone oil. Br J 
Ophthalmol. 1997;81:180–3.  

    53.    Morrison VL, Labree LD, Azen SP, Goldberg DE, 
Freeman WR. Results of silicone oil removal in 
patients with cytomegalovirus retinitis related retinal 
detachments. Am J Ophthalmol. 2005;140:786–93.  

    54.    Althaus C, Loeffl er KU, Schimkat M, Hudde T, 
Sundmacher R. Prophylactic argon laser coagulation 
for rhegmatogenous retinal detachment in AIDS 
patients with cytomegalovirus retinitis. Graefes Arch 
Clin Exp Ophthalmol. 1998;236:359–64.  

      55.    Karavellas MP, Song M, Macdonald JC, Freeman 
WR. Long-term posterior and anterior segment com-

plications of immune recovery uveitis associated with 
cytomegalovirus retinitis. Am J Ophthalmol. 2000;
130:57–64.  

    56.    Zegans ME, et al. Transient vitreous infl ammatory 
reactions associated with combination antiretroviral 
therapy in patients with AIDS and cytomegalovirus 
retinitis. Am J Ophthalmol. 1998;125:292–300.  

    57.    Holland GN. Immune recovery uveitis. Ocul Immunol 
Infl amm. 1999;7:215–21.  

    58.    Kuppermann BD, Holland GN. Immune recovery 
uveitis. Am J Ophthalmol. 2000;130:103–6.  

    59.    Nussenblatt RB, Lane HC. Human immunodefi -
ciency virus disease: changing patterns of intra-
ocular infl ammation. Am J Ophthalmol. 1998;125:
374–82.  

     60.    Nguyen QD, Kempen JH, Bolton SG, Dunn JP, Jabs 
DA. Immune recovery uveitis in patients with AIDS 
and cytomegalovirus retinitis after highly active 
antiretroviral therapy. Am J Ophthalmol. 2000;129:
634–9.  

    61.    Canzano JC, Reed JB, Morse LS. Vitreomacular trac-
tion syndrome following highly active antiretroviral 
therapy in AIDS patients with cytomegalovirus retini-
tis. Retina. 1998;18:443–7.  

    62.    Hu J, Coassin M, Stewart JM. Fluocinolone acetonide 
implant (Retisert) for chronic cystoid macular edema 
in two patients with AIDS and a history of cytomega-
lovirus retinitis. Ocul Immunol Infl amm. 
2011;19:206–9.  

    63.    Morrison VL, et al. Intravitreal triamcinolone aceton-
ide for the treatment of immune recovery uveitis mac-
ular edema. Ophthalmology. 2007;114:334–9.  

    64.    Jabs DA, et al. Course of cytomegalovirus retinitis in 
the era of highly active antiretroviral therapy: fi ve- 
year outcomes. Ophthalmology. 2010;117:2152–61.
e1–2.  

    65.    Holbrook JT, et al. Evaluation of the United States 
public health service guidelines for discontinuation of 
anticytomegalovirus therapy after immune recovery 
in patients with cytomegalovirus retinitis. Am J 
Ophthalmol. 2011;152:628–37.e1.  

    66.    Spector SA, et al. Oral ganciclovir for the prevention 
of cytomegalovirus disease in persons with 
AIDS. Roche Cooperative Oral Ganciclovir Study 
Group. N Engl J Med. 1996;334:1491–7.  

    67.    Feinberg JE, et al. A randomized, double-blind trial of 
valaciclovir prophylaxis for cytomegalovirus disease 
in patients with advanced human immunodefi ciency 
virus infection. AIDS Clinical Trials Group Protocol 
204/Glaxo Wellcome 123–014 International CMV 
Prophylaxis Study G. J Infect Dis. 1998;177:48–56.  

    68.    Jabs DA, et al. Course of cytomegalovirus retinitis in the 
era of highly active antiretroviral therapy: 1. Retinitis 
progression. Ophthalmology. 2004;111:2224–31.      

14 Infections of the Posterior Segment: Cytomegalovirus Retinitis

http://dx.doi.org/10.1016/j.ophtha.2012.11.023


169K. Tabbara et al. (eds.), Ocular Infections, Essentials in Ophthalmology,
DOI 10.1007/978-3-662-43981-4_15, © Springer-Verlag Berlin Heidelberg 2014

15.1            Introduction 

 Arthropod vector-borne diseases are among the 
most important emergent and resurgent infec-
tions that are mostly prevalent in tropical and 
subtropical areas, tending to expand worldwide, 
mainly due to climate changes and globalization. 
They are caused by viruses, bacteria, and para-
sites and are transmitted by the bite of hematoph-
agous arthropods, mainly ticks and mosquitoes. 
Most vector-borne diseases are subclinical or 
manifest as a mild febrile illness, but a severe, 
potentially lethal systemic involvement also can 
occur. Specifi c viral and bacterial arthropod 
vector- borne diseases including West Nile virus 
(WNV) infection, Rift Valley fever (RVF), den-
gue fever (DF), Chikungunya, and rickettsioses 
have been recently associated with uveitis and 
other ocular manifestations [ 1 – 3 ].  

15.2     West Nile Virus Infection 

15.2.1     Introduction 

 WNV is a single-stranded RNA virus belonging 
to the genus  Flavivirus , family  Flaviviridae . It is 
a member of the Japanese encephalitis serocom-
plex [ 4 ]. Wild birds are the primary natural hosts, 
and virus is transmitted between birds by the bite 
of mosquitoes (primarily the Culex species) 
which may pass the virus to humans and other 
mammals. Less common modes of transmission 
include blood transfusion, organ transplantation, 
transplacental transmission, laboratory transmis-
sion, and breast feeding [ 5 ,  6 ]. 

 The virus has been fi rst identifi ed in the West 
Nile District of Uganda in 1937. It is widely dis-
tributed in Africa, Europe, Australia, and Asia, 
and since its appearance in New York City in 
1999, it has spread rapidly throughout the 
Western hemisphere, including the USA, Canada, 
Mexico, and the Caribbean and into parts of 
Central and South America. The disease, which 
causes both sporadic infection and outbreaks, 
may occur anytime between July and December, 
with a peak onset in late summer [ 4 ,  6 ]. 

 The WNV infection is often asymptomatic, 
but systemic disease may vary from mild febrile 
illness to very severe neurologic disease. Ocular 
involvement has been recently characterized, and 
a typical multifocal chorioretinitis was high-
lighted as the most common manifestation [ 5 , 
 7 – 26 ].
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15.2.2       Clinical Symptoms and Signs 

15.2.2.1     Systemic Disease 
 The incubation period for WNV infection ranges 
from 3 to 14 days. Human infections are often 
asymptomatic. Only approximately 20 % of 
infected persons develop symptoms, with a 
self- limiting fl u-like syndrome in most cases 
[ 4 ,  5 ]. Severe neurologic disease may develop 
in less than 1 % of cases [ 6 ]. WNV infection 
neurologic manifestations mainly include men-
ingitis, encephalitis, and poliomyelitis-like 
disease. Findings in encephalitis and/or menin-
gitis typically include a headache of rapid onset, 
 photophobia, back pain, confusion, and contin-
ued fever. Asymmetric paralysis of acute onset 
and absence of refl exes without pain are charac-
teristic of WNV poliomyelitis-like syndrome [ 6 ]. 
Neuroinvasive disease is associated with high 
rates of morbidity and mortality, especially in 
patients with advanced age or diabetes [ 6 ].  

15.2.2.2     Ocular Disease 
 A bilateral or rarely unilateral multifocal chorio-
retinitis is the most common ocular manifestation 
of WNV infection, occurring in almost 80 % of 
patients with acute WNV infection associated with 
neurologic illness [ 11 ]. Most patients are above 50 

years in age, suffer from diabetes mellitus, and 
have no ocular symptoms or present with mildly 
reduced vision or fl oaters [ 5 ,  11 ,  15 ]. Active cho-
rioretinal lesions appear as circular, deep, yellow-
ish lesions on ophthalmoscopy, showing early 
hypofl uorescence and late staining on fl uorescein 
angiography (FA). Inactive chorioretinal lesions 
present in the form of round atrophic lesions with 
or without central pigmentation (Fig.  15.1a ), and 
they usually exhibit a typical “targetlike appear-
ance” on FA: central hypofl uorescence and periph-
eral hyperfl uorescence (Fig.  15.1b ) [ 5 ,  11 ].

   Chorioretinal lesions may vary in number and 
size, involving the midperiphery, with or without 
associated posterior pole involvement [ 5 ]. Linear 
clustering of chorioretinal lesions is a prominent 
feature of WNV-associated chorioretinitis. Streaks 
are oriented radially in the nasal and peripheral 
fundus and in a curvilinear pattern in the temporal 
posterior fundus. The linear pattern of chorioreti-
nitis follows the course of retinal nerve fi bers, sug-
gesting a contiguous spread of central nervous 
system disease [ 27 ]. Indocyanine green (ICG) 
angiography reveals well-delineated hypofl uores-
cent choroidal lesions, which are more numerous 
than those appreciated by FA or clinically [ 28 ]. 

 A case of reactivation of WNV infection- 
related chorioretinitis has been recently reported, 

a b

  Fig. 15.1    ( a ) Color fundus photograph of the left eye of 
a diabetic patient with West Nile virus infection shows 
inactive multifocal chorioretinitis with a linear clustering 
of chorioretinal lesions. ( b ) Fluorescein angiogram of the 

same eye shows central hypofl uorescence and peripheral 
hyperfl uorescence of chorioretinal lesions, arranged in 
linear/curvilinear streaks. There are also features of non-
proliferative diabetic retinopathy       
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with appearance of new active lesions exhibiting 
a typical pattern almost 1 year after the initial 
diagnosis was made [ 29 ]. 

 Although multifocal chorioretinitis is the most 
common ocular manifestation of WNV infection, 
other fi ndings can occur including anterior uveitis, 
retinal vasculitis, which may be occlusive in 
nature, retinitis, segmental zones of atrophy and 
mottling of the retinal pigment epithelium, optic 
nerve involvement, ocular nerve palsy, nystagmus, 
and congenital chorioretinal scarring [ 5 ,  7 – 26 ]. 

 WNV-associated ocular disease usually has 
a self-limited course, and visual acuity returns 
to baseline in most patients. However, persis-
tent visual impairment can occur due to a foveal 
chorioretinal scar, choroidal neovascularization, 
vitreous hemorrhage secondary to retinal neo-
vascularization, severe ischemic maculopathy, 
macular edema, optic atrophy, or retrogeniculate 
damage [ 5 ,  14 – 16 ,  18 – 21 ,  25 ].   

15.2.3     Laboratory Diagnosis 

 Antibody-capture    enzyme-linked immunosorbent 
assay (MAC-ELISA) for the detection of WNV-
specifi c IgM antibody in serum and/or cerebrospi-
nal fl uid is a very sensitive diagnostic method. 
Almost all patients have detectable IgM antibod-
ies by 7–8 days after the onset of the disease, 
whereas WNV-specifi c serum IgG antibodies are 
detectable only by 3 weeks after the infection. 
The plaque-reduction neutralization test can help 
distinguish false-positive results of MAC-ELISA 
or other assays, and serologic cross-reactions 
among the fl aviviruses. A fourfold or greater 
increase serum antibody titer in serum samples 
collected 2–3 weeks apart may be used to confi rm 
the diagnosis of WNV infection, as IgM may per-
sist in the serum for more than a year [ 30 ]. 

 Furthermore, detection of viral nucleic acid by 
real-time reverse transcription polymerase chain 
reaction (RT-PCR) is highly specifi c for WNV 
infection, but it is less sensitive than serology. 
PCR test is mostly used in the screening of blood 
products. Viremia often lasts for several days and 
the virus itself is usually no longer detectable in 
the serum by the time WNV-specifi c serum IgM 
appears [ 4 ,  30 ].  

15.2.4     Management 

 There is currently no effective treatment for 
WNV infection. In cases of severe systemic dis-
ease, intensive supportive therapy is indicated, 
often involving hospitalization, intravenous fl u-
ids, respiratory support, prevention of secondary 
infections, and good nursing care [ 6 ]. Antiviral 
agents such as ribavirin, interferon α 2b and 
interferon β, and intravenous immunoglobulins 
have shown to reduce viral replication in vitro or 
in animal models [ 6 ,  31 – 34 ]. However, their effi -
cacy is still to be proven in humans. 

 Prevention remains the mainstay of WNV 
infection control. Measures to reduce the number 
of mosquitoes (draining standing water, larvi-
cides) as well as personal protection (repellents, 
window screens, protective clothing) are recom-
mended [ 35 ]. Widespread vaccination of horses 
in the USA has led to decreasing the incidence of 
equine infections [ 6 ]. Vaccine for human use is 
still in the research phase. 

 Specifi c ophthalmic treatment may be required 
including topical steroids for anterior uveitis, 
peripheral scatter retinal photocoagulation for neo-
vascularization secondary to occlusive retinal vascu-
litis, pars plana vitrectomy for non-clearing vitreous 
hemorrhage or tractional retinal detachment, and 
intravitreal injection of anti-VEGF for choroidal 
neovascularization or macular edema [ 16 ,  36 ].   

15.3     Dengue Fever 

15.3.1     Introduction 

 Dengue fever (DF) is caused by any of the four 
immunologically related serotypes of the dengue 
virus, which belongs to the genus  Flavivirus  of 
the family  Flaviviridae . It is transmitted through 
the bite of an infected female  Aedes aegypti/
albopictus  mosquito.  Aedes albopictus  vector 
seems to produce a slow-moving outbreak by 
contrast to the sharp epidemics associated with 
 Aedes aegypti  [ 37 ]. 

 DF is considered to be one of the most impor-
tant arthropod-borne disease in the tropical and 
subtropical regions, being endemic in more than 
100 countries, including America, Southeast 
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Asia, Western pacifi c, Africa, and the Eastern 
Mediterranean [ 38 ]. The spectrum of systemic 
disease may range from mild fl ulike illness to 
life-threatening clinical presentations. Ocular 
involvement was found to occur in 10 % of 
patients hospitalized for serologically confi rmed 
DF [ 39 – 43 ].

15.3.2       Clinical Symptoms and Signs 

15.3.2.1     Systemic Disease 
 The incubation period for DF varies from 3 to 
14 days. The initial infection may be asymptom-
atic, may result in a nonspecifi c febrile illness, 
or may produce features of classic DF including 
sudden onset of high fever, severe headache, 
myalgias, arthralgias, nausea, vomiting, and a 
maculopapular rash. The majority of DF cases 
are self- limiting. A small proportion of affected 
patients may develop life-threatening dengue 
hemorrhagic fever syndrome, which is charac-
terized by increased capillary permeability and 

hemostatic disturbances, or dengue shock syn-
drome, which is characterized by severe sys-
temic hypotension. DF is often associated with a 
bleeding tendency secondary to thrombocytope-
nia [ 37 ,  44 ].  

15.3.2.2     Ocular Disease 
 The ocular involvement usually occurs within 1 
month after the onset of symptoms of DF and is 
often bilateral. The patients may present with a 
sudden decrease in vision, a central scotoma, or 
fl oaters [ 45 ]. A subconjunctival hemorrhage, pete-
chial in type and associated with a platelet count of 
less than 50.000/μl, was the most common ocular 
manifestation in an East Indian population with 
DF [ 46 ]. Numerous posterior segment changes 
have been associated with DF including retinal 
hemorrhages, retinal vasculitis, yellow subretinal 
dots, retinal pigment epithelium mottling, and 
foveolitis, seen clinically as a round yellowish 
lesion at the fovea with corresponding focal outer 
neurosensory retina – retinal pigment epithelium 
thickening on OCT (Fig.  15.2 ). Other fi ndings 

a

b

  Fig. 15.2    ( a ) Color fundus 
photograph of the left eye of 
a patient with dengue fever 
shows a round yellowish 
lesion at the foveal center. 
( b ) OCT of the same eye 
reveals a corresponding focal 
thickening of outer neurosen-
sory retina – retinal pigment 
epithelium. These fi ndings 
are consistent with foveolitis 
(Courtesy, Soon Phaik Chee)       
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include macular edema, serous retinal detachment, 
retinal vascular occlusion, choroidal changes, 
optic disk swelling, optic neuritis, and neuroretini-
tis [ 1 – 3 ,  41 ,  42 ,  44 ,  45 ,  47 – 56 ].

   Dengue-associated ocular disease usually has 
a self-limited course, with a signifi cant improve-
ment of visual acuity in 2–4 weeks. However, 
persistent visual impairment may occur in a sub-
set of patients with maculopathy or neuropathy 
[ 41 ,  42 ,  45 ,  51 ,  56 ,  57 ].   

15.3.3     Laboratory Diagnosis 

 Within the fi rst 2 days of fever, diagnosis is pos-
sible only by detecting virion, RNA, or dengue 
proteins, such as nonstructural protein 1 (NS1). 
In fact, NS1 antigen is usually detected in blood, 
from day 1 to day 9 of infection [ 37 ,  58 ]. 

 Detection of newly formed antibodies (IgM) 
usually is not possible until after viremia ends or 
after fever subsides. MAC-ELISA has become a 
widely used assay, but it seems to have a high rate 
of false-positive results [ 59 ]. Other tests includ-
ing immunochromatographic assay, complement 
fi xation, neutralization test, hemagglutination 
inhibition, and IgG enzyme-linked immunosor-
bent assay (ELISA) are also helpful to confi rm 
the diagnosis of DF [ 58 ]. 

 Apart from the dengue-specifi c parameters, 
platelet count is a simple and available laboratory 
test that can support the diagnosis of dengue 
hemorrhagic fever or dengue shock syndrome.  

15.3.4     Management 

 To date, there is no specifi c treatment available 
for dengue virus infection. Fever can be treated 
by antipyretics, but drugs such as acetylsalicylic 
acid and other nonsteroidal anti-infl ammatory 
drugs should be avoided as they may worsen the 
bleeding tendency. Any medicine that decreases 
the platelet level should be avoided [ 37 ,  42 ]. In 
cases of dengue hemorrhagic fever, hospitaliza-
tion, prompt treatment with intravenous fl uids 
and close monitoring of vital signs, as well as 
 hematologic parameters are indicated [ 37 ]. 

 Preventive measures by avoiding contact with 
infected mosquitoes are required to decrease the 
infection incidence. Vaccines targeting all the 
four serotypes of dengue virus hopefully will be 
available in the near future [ 60 ]. 

 There is no established treatment for ocular 
manifestations of DF. Topical, periocular, intravit-
real, oral, and intravenous steroids, as well as intra-
venous immunoglobulins, have been advocated for 
the management of dengue ocular complications, 
based on the postulated immune-mediated patho-
genesis of the disease. Indications for treatment 
may include dengue- associated uveitis and optic 
neuritis, visual acuity worse than 20/40, and deteri-
oration of vision [ 45 ,  46 ].   

15.4     Chikungunya 

15.4.1     Introduction 

 Chikungunya virus is a single-stranded RNA 
virus of the genus  Alphavirus  of the family 
 Togaviridae  which is transmitted to humans by 
the bite of infected  Aedes  mosquitoes ( A. Aegypti  
and  A. albopictus) . Since its fi rst isolation in 
Tanzania in 1953, the virus has been associated 
with many epidemics in tropical regions of 
Africa, India, Southeast Asia, and South America. 
The infection which is endemoepidemic typically 
consists of an acute illness with fever, severe 
arthralgia, and skin rash [ 61 ]. Ocular involve-
ment is relatively uncommon. The main ocular 
manifestations associated with Chikungunya 
virus infection are anterior uveitis and retinitis.

15.4.2       Clinical Symptoms and Signs 

15.4.2.1     Systemic Disease 
 The incubation period ranges from 1 day to 12 
days, with an average of 2–4 days. Onset of the 
disease is abrupt and is characterized by high fever, 
severe arthralgia and myalgia, along with headache 
and skin rash. Asymptomatic infections are rare 
(3–25 % of serologically proven infections) [ 62 ]. 
The debilitating polyarthralgia is very characteris-
tic of Chikungunya. Joint pain often disappears in 
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few weeks, but may persist for months or years in 
some patients [ 63 ,  64 ]. Skin lesions may be seen in 
almost one half of the patients. A pruriginous mac-
ulopapular rash, lasting for 2–3 days, is the most 
common feature [ 63 – 65 ]. Rarely, severe infection 
associated with multiorgan failure, central neuro-
logical involvement, neonatal infection, and death 
occurs [ 63 ,  64 ,  66 ].  

15.4.2.2     Ocular Disease 
 Ocular manifestations associated with 
Chikungunya may be concomitant of the sys-
temic disease or may follow its resolution 
[ 67 ]. Ocular involvement can be unilateral or 
bilateral. Ocular symptoms include redness, 
blurred vision, fl oaters, pain, irritation, photo-
phobia, and diplopia. Acute anterior uveitis and 
retinitis are the most common ocular fi ndings 
in Chikungunya. The anterior uveitis is non-
granulomatous or granulomatous and can be 
associated with increased intraocular pressure. 
Posterior synechiae are not common [ 67 – 69 ]. 
The clinical course is typically benign. 

 Chikungunya retinitis presents in the form of 
areas of retinal whitening in the posterior pole with 
surrounding retinal and macular edema and associ-
ated mild vitritis (Fig.  15.3 ) [ 67 ]. FA usually shows 
early hypofl uorescence and late hyperfl uorescence 
of retinal lesions, along with focal areas of retinal 
vascular leakage and capillary non-perfusion [ 70 ]. 

OCT reveals increased refl ectivity in the nerve fi ber 
layer zone with after shadowing corresponding to 
the areas of retinitis. It also helps in the detection 
and evaluation of associated retinal edema and exu-
dative retinal detachment. Retinitis resolves gradu-
ally over a period of several weeks.

   Other ophthalmic manifestations of 
Chikungunya have been reported including con-
junctivitis, episcleritis, keratitis, panuveitis, mul-
tifocal choroiditis, optic neuritis, neuroretinitis, 
central retinal artery occlusion, panophthalmitis, 
lagophthalmos, and sixth nerve palsy [ 67 ,  68 ,  71 ]. 

 Chikungunya-associated ocular disease is usu-
ally self-limiting, with most patients  recovering 
good vision. However, permanent visual loss may 
occur mainly due to optic neuropathy. 

 Chikungunya virus has been recently detected 
in the human cornea. It has been suggested that 
cornea donation may be a route for the disease 
transmission, especially in endemic areas [ 72 ].   

15.4.3     Laboratory Diagnosis 

 Chikungunya infection is suspected on the basis 
of clinical and epidemiological fi ndings. However, 
confi rmation of the diagnosis is important. In the 
acute phase of illness, it is based on the detection 
of viral nucleic acid in serum samples by RT-PCR, 
isolation of the virus, or detection of an antibody 
response. After resolution of the acute disease, the 
diagnosis is confi rmed by the presence of an 
immune response. RT-PCR can detect viral 
nucleic acid from one day before the onset of 
symptoms, up to day 7 after the beginning of the 
disease. Antigen capture ELISA may detect viral 
antigens as early as day 2 after onset. Indirect 
immunofl uorescence and ELISA are rapid and 
sensitive techniques for the screening of IgM or 
IgG immune reaction. IgM antibody and IgG anti-
body responses have been described to begin both 
by day 2 after the onset [ 66 ].  

15.4.4     Management 

 Nonsteroidal anti-infl ammatory drugs are cur-
rently recommended for Chikungunya-induced 

  Fig. 15.3    Color fundus photograph of the right eye of a 
patient with Chikungunya shows confl uent areas of retinitis 
associated with retinal hemorrhages, retinal edema, and 
foveal hard exudates (Courtesy, Padmamalini Mahendradas)       
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arthralgia. Ribavirin and interferon-α may inhibit 
viral replication [ 73 ,  74 ], but further studies are 
needed to assess their effi cacy in humans. 
Another potential treatment for Chikungunya is 
chloroquine, but results of different studies have 
been inconclusive [ 75 ,  76 ]. 

 Efforts are to be made to prevent transmission 
of the virus and to develop effi cient and safe vac-
cines [ 62 ]. 

 Topical steroids and cycloplegic agents are 
used for anterior uveitis. Associated ocular 
hypertension is managed with topical beta- 
blockers and oral or topical carbonic anhydrase 
inhibitors. Systemic steroids may be used to con-
trol the infl ammation in posterior uveitis, panu-
veitis, and optic neuritis [ 67 ]. The use of acyclovir 
in association with corticosteroids has been 
described in some cases of Chikungunya retinitis 
[ 67 ], but its effi cacy remains doubtful.   

15.5     Rift Valley Fever 

15.5.1     Introduction 

 Rift Valley fever (RVF) is an emerging arthropod- 
borne zoonotic disease caused by RVF virus, 
which belongs to the  Bunyaviridae  family. It is 
transmitted to humans through the bite of infected 
mosquitoes or through direct contact with blood, 
body fl uids, or tissues of infected animals. RVF 
virus was fi rst isolated in Kenya in 1930. It has 
been responsible of outbreaks in sub-Saharan 
African countries and in the Arabian Peninsula. 
Virus replication in the cattle gives high rates of 
mortality and abortion. RVF virus infection in 
humans usually causes a self-limiting, acute, and 
febrile illness, but severe potentially lethal forms 
may develop [ 77 ]. Macular or paramacular retini-
tis is the most common ocular complication, 
often resulting in permanent visual impairment.

15.5.2       Clinical Symptoms and Signs 

15.5.2.1     Systemic Disease 
 After an incubation period of 3–6 days, RVF 
virus is often responsible for infl uenza like symp-

toms including fever, headache, arthralgias, 
myalgias, and gastrointestinal disturbances. The 
temperature curve usually shows a biphasic pat-
tern, with an initial elevation lasting 2–3 days, 
followed by a remission and then a second febrile 
episode. Convalescence is typically rapid. Major 
life-threatening complications such as hepatic 
syndromes, hemorrhagic manifestations, or 
meningoencephalitis may rarely occur [ 78 ].  

15.5.2.2     Ocular Disease 
 Ocular involvement has been reported to occur 
in 1–20 % of RVF infections [ 1 – 3 ,  79 ], usually 
4–15 days after the onset of RVF. Prevalent 
symptoms at presentation include blurred 
vision, fl oaters, and scotomas. Unilateral or 
bilateral retinitis is the most common fi nding. It 
typically presents in the form of a large, single 
area of necrotizing retinitis, macular, or 
paramacular in location (Fig.  15.4a ). Retinal 
lesions show early hypofl uorescence and late 
staining on FA. Associated posterior segment 
changes include severe retinal vasculitis, retinal 
hemorrhages, vitritis, and optic disk edema [ 1 –
 3 ,  79 ,  80 ]. Nongranulomatous anterior uveitis 
has also been described in association with pos-
terior uveitis in patients with RVF. Anterior 
chamber infl ammation disappears spontane-
ously within 2–3 weeks from the onset of sys-
temic symptoms and is unlikely to result in 
complications such as glaucoma, posterior syn-
echiae, or cataract. Retinitis usually recovers 
within 10–12 weeks. Permanent visual loss is 
common, mainly due to macular or paramacular 
scarring (Fig.  15.4b ), retinal vascular occlusion, 
or optic atrophy [ 1 – 3 ,  79 ].

15.5.3         Laboratory Diagnosis 

 Once an outbreak is recognized and early cases 
are diagnosed, it becomes easier to suspect fur-
ther cases of RVF. The most popular method of 
laboratory diagnosis is based on serologic testing 
to detect anti-RVF virus IgM antibodies or a ris-
ing titer of IgG antibodies in the serum by ELISA 
technique. Furthermore, laboratory detection of 
RVF virus antigen by antigen capture ELISA or 
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viral RNA by RT-PCR in serum or other tissue 
samples confi rms the diagnosis of RVF [ 81 ].  

15.5.4     Management 

 The current treatment of RVF is only supportive 
with intravenous fl uids and, when indicated, 
blood transfusion, hemodialysis, or mechanical 
ventilation. There is no antiviral therapy with 
proven effi cacy in this setting [ 78 ]. Preventive 
measures are recommended including mosquito 
control and protection against mosquito bites. 
Vaccination of livestock may be a key element in 
breaking the chain of human epidemics and could 
lead to control of this signifi cant public health 
threat [ 78 ,  82 ].   

15.6     Rickettsioses 

15.6.1     Introduction 

 Rickettsioses are worldwide distributed zoonoses 
due to obligate intracellular small gram-negative 
bacteria. Most of them are transmitted to humans 
by the bite of contaminated arthropods, such as 

ticks. Rickettsial agents are classifi ed into three 
major categories: the spotted fever group, the 
typhus group, and the scrub typhus [ 83 ,  84 ]. A 
rickettsial disease should be suspected, during 
spring or summer in the presence of the triad of 
high fever, headache and general malaise, and 
skin rash in a patient living in or traveling back 
from a region endemic for rickettsioses. Ocular 
involvement is common, with retinitis and retinal 
vascular changes being the most common fea-
tures [ 84 ].

15.6.2       Clinical Symptoms and Signs 

15.6.2.1     Systemic Disease 
 The incubation period for rickettsial disease var-
ies between 2 and 21 days. The initial presenta-
tion typically includes high fever with abrupt 
onset, headache, and myalgia. A maculopapular 
skin rash usually appears 3–5 days after the 
onset of fever. The skin rash, involving also the 
palms of the hands and the soles of the feet, is a 
hallmark of rickettsial infection. However, its 
absence should not rule out a possible rickettsial 
infection, especially during the fi rst week of ill-
ness. A local skin lesion, termed tache noire 
(black spot), at the inoculating site may be seen 

a b

  Fig. 15.4    ( a ) Color fundus photograph of the right eye of 
a patient with Rift Valley fever shows a large area of mac-
ular necrotizing retinitis associated with retinal vascular 
sheathing. ( b ) Color fundus photograph of the same eye 

after healing of the active retinitis shows a large atrophic 
retinochoroidal scar resulting in permanent severe visual 
loss (Courtesy, Emad Abboud)       
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in several rickettsial infections, including 
Mediterranean spotted fever, caused by rickett-
sia conorii infection. Severe systemic complica-
tions may occur including interstitial 
pneumonitis, meningoencephalitic syndrome, 
acute renal failure, and disseminated intravascu-
lar coagulation [ 83 ,  84 ].  

15.6.2.2     Ocular Disease 
 Ocular involvement is common in patients with 
rickettsiosis, but since it is frequently asymptom-
atic and self-limited, it may be easily overlooked 
[ 1 – 3 ,  84 – 86 ]. However, patients may present 
with ocular symptoms such as decreased vision, 
scotomas, fl oaters, or redness. 

 Bilateral or rarely unilateral non-necrotizing 
retinitis, with or without associated mild vitritis, 
is the most common ocular fi nding [ 1 – 3 ,  84 – 86 ]. 
It typically presents in the form of white retinal 
lesions infi ltrating the inner retinal layers, located 
adjacent to retinal vessels, and varying in num-
ber, size, and location (Fig.  15.5a ). Small retinal 
lesions in the posterior fundus may resemble cot-
ton-wool spots, and large retinal lesions are usu-
ally associated with macular edema and exudative 
retinal detachment, which are accurately detect-
able by OCT. FA shows early  hypofl uorescence 
and late staining of large retinal lesions and slight 
hypofl uorescence or isofl uorescence of small reti-

nal lesions [ 84 ,  85 ]. Retinal vascular lesions are a 
prominent feature of rickettsial disease. They may 
include focal or diffuse vascular sheathing, vascu-
lar leakage on FA, retinal hemorrhages, and retinal 
vascular occlusions, which mainly involve small 
branch retinal arteries (Fig.  15.5b ) [ 1 – 3 ,  84 – 87 ]. 
A subclinical choroidal involvement only detect-
able by FA or ICGA is also common [ 84 ,  85 ].

   Other reported ocular manifestations of rick-
ettsiosis include conjunctivitis, keratitis, non-
granulomatous anterior uveitis, panuveitis, optic 
disk edema, optic disk staining, optic neuritis, 
neuroretinitis, anterior ischemic optic neuropa-
thy, and endophthalmitis [ 1 – 3 ,  84 – 88 ]. 

 Ophthalmic involvement associated with rick-
ettsial diseases often has a self-limited course. 
Areas of retinitis usually completely disappear 
without causing scarring in 3–10 weeks. Causes 
of persistent visual impairment include retinal 
pigment epithelial alterations due to resolved 
retinitis, macular edema, or exudative retinal 
detachment, branch retinal artery or vein occlu-
sion, and optic neuropathy [ 1 – 3 ,  84 – 88 ].   

15.6.3     Laboratory Diagnosis 

 Early diagnosis of rickettsial infection, primarily 
based on clinical features and epidemiologic 

a b

  Fig. 15.5    ( a ) Color fundus photograph of the left eye of 
a patient with rickettsial disease shows white retinal 
lesions adjacent to retinal vessels ( arrowheads ). Note the 
presence of an associated triangular area of ischemic retinal 

whitening ( black arrow ). ( b ) Early fl uorescein angiogram 
of the same eye shows hypofl uorescence of areas of retini-
tis and confi rms the diagnosis of occlusion of a small 
macular branch retinal artery ( black arrow )       
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data, is of utmost importance for early initiation 
of antibiotic therapy. Confi rmation of diagnosis 
usually relies on positive indirect immunofl uo-
rescent antibody test results. Positive serologic 
criteria usually include either initial high anti-
body titer or a fourfold rise of the titer in the con-
valescent serum. Case confi rmation with serology 
might take 2–3 weeks. Other laboratory tests, 
such as serologic testing using Western blot or 
detection of rickettsiae in blood or tissue using 
PCR, may be useful in selected cases [ 2 ,  83 ].  

15.6.4     Management 

 Early treatment is required for a better outcome. 
Oral tetracyclines, particularly doxycycline 
(100 mg, twice a day for 7 to 10 days), are effec-
tive in the treatment of systemic rickettsial dis-
ease [ 1 ,  84 ,  85 ]. Fluoroquinolones are also 
effective. Macrolides, including clarithromycin, 
azithromycin, and particularly josamycin, can be 
used as alternative therapy in children and preg-
nant women. 

 Prevention includes personal protection 
against tick bites in endemic areas and improve-
ment of sanitary conditions. 

 Specifi c ophthalmic    therapy may be needed in 
patients with ocular involvement. It includes top-
ical antibiotics for conjunctivitis and keratitis, 
topical corticosteroids and mydriatics for anterior 
uveitis, and systemic steroids in association with 
antibiotics in cases of severe ophthalmic involve-
ment such as extensive retinitis threatening the 
macula or the optic disk, macular edema, exuda-
tive retinal detachment, severe vitritis, optic neu-
ropathy, and retinal vascular occlusions [ 84 ]. 
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16.1            Introduction 

 Endophthalmitis    is a devastating ocular infl amma-
tory process that can lead to blindness. In endo-
phthalmitis, there is infl ammation of the vitreous 
cavity along with the retinal and uveal components 
of the eye. Endophthalmitis may be infectious or 
noninfectious, and the infectious cases may be a 
result of endogenous or exogenous sources. 
Endogenous endophthalmitis occurs secondary to 
a hematogenous dissemination and spread from a 
distant infective source in the body. Most cases of 
endophthalmitis are exogenous and occur after 
ocular surgery. Each type of infectious endo-
phthalmitis differs in its microbial profi le, symp-
toms, and clinical course as described herein.  

16.2     Endogenous 
Endophthalmitis 

 Endogenous endophthalmitis as a result of 
 hematogenous spread from other parts of the 
body makes up less than 2–8 % of cases [ 1 ]. Risk 

factors include a chronic disease state, invasive 
surgery, indwelling catheters, intravenous drug 
use, septicemia, and immunodefi ciency. This 
type of endophthalmitis is rare in healthy indi-
viduals and is an indication for systemic investi-
gations [ 2 ]. 

 The presentation normally is acute and may be 
bilateral in 12 % of cases [ 3 ]. In one series, diabe-
tes, intravenous drug abuse, and HIV/AIDS infec-
tion were the most infl uential risk factors, and liver 
abscesses, pneumonia, and endocarditis were the 
three most common sources of infection [ 3 ]. 

 Both bacteria and fungi can cause endog-
enous endophthalmitis. The profi le of bacteria 
that cause endogenous endophthalmitis differs 
according to geographical region. Gram-negative 
organisms, especially  Klebsiella , predominate 
in East Asia [ 4 ].  K. pneumoniae  genotype K1 is 
an emerging pathogen capable of causing cata-
strophic septic ocular or central nervous system 
complications from pyogenic liver abscess. 
Diabetes    is a signifi cant risk factor for the devel-
opment of endogenous endophthalmitis and poor 
visual outcome in patients with  K. pneumoniae  
liver abscess. Endogenous  K. pneumoniae  usu-
ally causes poor visual outcomes. Cases in 
Europe and North America are dominated by 
gram-positive organisms such as  Staphylococcus 
aureus ,  Staphylococcus epidermidis , group B 
streptococci,  Streptococcus pneumoniae , and 
 Listeria monocytogenes  [ 3 ,  5 ]. The most common 
cause of fungal endogenous endophthalmitis is 
 Candida  species, particularly  Candida albicans , 
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followed by  Aspergillus . The presentation usu-
ally is subacute and is associated with long-term 
intravenous catheters. Intravenous drug abusers 
with endocarditis are also at risk for endogenous 
fungal endophthalmitis.  

16.3     Endophthalmitis After 
Cataract Surgery 

 Endophthalmitis, an infection of the vitreous 
compartment and the retinal and uveal coats of 
the eye, is a problematic complication associated 
with intraocular surgery. Because cataract sur-
gery is the most frequently performed intraocular 
surgery, 90 % of postoperative endophthalmitis 
occurs following this procedure [ 6 ]. Post-cataract 
surgery endophthalmitis is divided into two 
types: acute-onset and chronic or delayed-onset 
endophthalmitis. 

16.3.1     Acute-Onset Endophthalmitis 

 In this entity, the patient typically presents within 
the fi rst week after cataract surgery. Patients pre-
senting within 6 weeks of the surgery with 
reduced visual acuity and symptoms and signs of 
endophthalmitis should be managed as for acute 
endophthalmitis. The overall incidence of endo-
phthalmitis after cataract operations has been 
estimated to be in the range of 0.04–0.2 % [ 7 ]. 

 Improvements in modern cataract surgery have 
mainly involved a series of technical refi nements. 
Most have concerned the evolution in the type of 
surgical incision being performed, beginning with 
the implementation of intracapsular cataract extrac-
tion, followed by extracapsular cataract extraction 
(ECCE), then small-incision scleral tunnel phaco-
emulsifi cation, and, fi nally, clear corneal incision 
(CCI) phacoemulsifi cation. The implementation of 
these technical refi nements has resulted in simpli-
fi ed postoperative care and faster visual recovery 
and has been promoted from a safety standpoint. 
However, retrospective studies have recently sug-
gested an association between an increased inci-
dence of endophthalmitis following cataract surgery 
and the use of CCIs for cataract extraction [ 6 – 15 ]. 

 Al-Mezaine et al. [ 15 ] showed that over a 
10-year period, the incidence of acute-onset nos-
ocomial endophthalmitis following cataract sur-
gery was 0.068 % and that the risk of 
endophthalmitis was 1.73-fold higher for CCI 
phacoemulsifi cation than ECCE. In their meta- 
analysis of studies addressing endophthalmitis 
following cataract surgery, Taban et al. [ 6 ] found 
that the incidence of endophthalmitis has varied 
over time—that is, from 0.087 % in the 1990s to 
0.265 % in 2000/2003. For the time period 
between 1992 and 2003, they also determined 
that CCI phacoemulsifi cation was a risk factor 
for endophthalmitis, with an increased rate of 
0.189 % compared with 0.074 % for scleral tun-
nel incisions. Moreover, Cooper et al. determined 
that clear corneal incision was associated with a 
threefold greater risk of endophthalmitis than 
was scleral tunnel incision [ 11 ].  

16.3.2     Clinical Features 

 Patients with acute endophthalmitis typically 
present with blurred vision (94.3 %), red eye 
(82.1 %), pain (74 %), and swollen lid (34.5 %) 
as it has been shown by the Endophthalmitis 
Vitrectomy Study (EVS) [ 9 ]. Other clinical signs 
might include conjunctival discharge; conjuncti-
val and corneal edema; turbidity in the anterior 
chamber with cells, hypopyon, or fi brin clot; and/
or vitritis that precludes a view of the posterior 
segment. Acute endophthalmitis is diagnosed by 
clinical means. Ocular echography is a valuable 
adjunctive tool in this type of clinical evaluation 
particularly in eyes with opaque media [ 16 ].  

16.3.3     Etiology 

 The normal fl ora of the ocular surface com-
prises an array of bacteria that are believed to 
be a primary source of infection in endophthal-
mitis. Gram-positive bacteria are the most com-
mon cause of postoperative endophthalmitis 
[ 9 ,  17 – 19 ]. In the EVS [ 9 ], researchers found 
that 94.2 % of culture-positive endophthalmitis 
cases involved gram-positive bacteria: 70 % of 
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isolates were gram-positive  coagulase-negative 
staphylococci, 9.9 % were  Staphylococcus 
aureus , 9.0 % were  Streptococcus  species, 2.2 % 
were  Enterococcus  species, and 3.0 % were other 
gram-positive species. Gram-negative species 
were involved in 5.9 % of cases.  

16.3.4     Risk Factors 

 An increased intraocular exposure to the patient’s 
own normal adnexal and ocular surface fl ora that 
occurs during cataract surgery might be the main 
risk factor for endophthalmitis. Intraoperative 
complications such as posterior capsular rupture 
and vitreous loss also increase the risk for endo-
phthalmitis by tenfold [ 20 ]. In addition, several 
studies have suggested that the performance of 
CCIs is a risk factor for endophthalmitis [ 21 – 24 ]. 
Moreover, it has been shown that the use of sili-
cone IOL optic material increased the risk of 
endophthalmitis by 3.3-fold compared to acrylic 
lenses [ 21 ]. Other factors that increase the risk 
for endophthalmitis include failure of sterile 
technique during intraocular surgery [ 25 ], preex-
isting periocular infections, advancing age (>85 
years), and immunosuppressed status such as dia-
betes [ 26 ,  27 ].  

16.3.5     Management 

 As put forth in the EVS [ 9 ], the initial treatment 
of endophthalmitis following cataract surgery 
involves a two-pronged approach: specimen col-
lection and the administration of broad-spectrum 
antibiotics (such as a combination of vancomycin 
and ceftazidime). The diagnostic yield of vitre-
ous specimen is roughly doubled that of an aque-
ous specimen (54.9 % vs 22.5 %, respectively) 
[ 28 ]. Polymerase chain reaction (PCR) amplifi -
cation produces yields for aqueous and vitreous 
sampling that are the same [ 29 ], thus allowing the 
diagnosis to be made with the faster and more 
easily performed aqueous tap [ 30 ]. 

 According to the EVS, the presenting visual 
acuity should form the basis of the decision 
between a vitreous tap and vitrectomy for patients, 

with the exception of those with diabetes [ 9 ]. For 
patients with a visual acuity better than light per-
ception, either method can be used without affect-
ing the fi nal outcome. Whereas for patients with 
light perception vision, pars plana vitrectomy 
(PPV) should be performed because a threefold 
increase in the likelihood of achieving 20/40 fi nal 
visual acuity occurs when this procedure is car-
ried out [ 28 ]. The situation differs for patients 
with diabetes. Regardless of the presenting visual 
acuity, patients with diabetes have a greater likeli-
hood of obtaining 20/40 acuity with PPV (57 %) 
compared with a simple tap (40 %) [ 31 ]. 

 It has been demonstrated by the EVS group 
that poor visual outcome was associated with a 
presenting visual acuity of light perception, pres-
ence of afferent pupillary defect, corneal infi l-
trate or ring ulcer, hypopyon, abnormal IOP (<5 
or >25 mmHg), rubeosis iridis, small pupil size 
after maximal dilatation, absent red refl ex, and 
inability to see any retinal vessels by indirect 
ophthalmoscopy [ 9 ].  

16.3.6     Prevention 

 Preoperative sterile preparation of the surgical 
site is one of the most common practice patterns 
employed to prevent postoperative endophthal-
mitis. This practice most often entails the instilla-
tion of povidone-iodine 5 % into the conjunctival 
sac, which, according to research studies, effec-
tively decreases the bacterial load [ 32 ,  33 ]. A 
recent European survey by Ang and Barras [ 34 ] 
determined that 99.5 % of surgeons use povidone- 
iodine irrigation for prophylaxis. In their pro-
spective study, Halachimi-Eyal et al. [ 35 ] 
compared the effects of the preoperative adminis-
tration of topical moxifl oxacin 0.5 % and 
povidone- iodine 5 % and that of povidone-iodine 
5 % alone on conjunctival bacterial colonization. 
They found that the decrease in conjunctival bac-
terial colonization achieved with topical moxi-
fl oxacin 0.5 % and povidone-iodine 5 % did not 
exceed the effect of povidone-iodine 5 % alone. 

 Proper surgical draping is also critical. This 
practice involves using overhanging wraparound 
fl aps from the drape (held securely in place by the 
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speculum) to sequester the lashes and lid margins 
completely [ 36 ,  37 ]. 

 Although topical perioperative antibiotic pro-
phylaxis is generally performed, controversy 
surrounds this practice because its effectiveness 
is there [ 25 ]. Of these types of drugs, fourth- 
generation fl uoroquinolones have become the 
most commonly prescribed owing to their broad- 
spectrum activity and enhanced ocular penetra-
tion [ 38 ,  39 ]. 

 Of the various methods of antibiotic prophy-
laxis, the strongest support in the literature is for 
direct intracameral bolus injection at the con-
clusion of surgery. In their retrospective study, 
Montan et al. [ 40 ] found that the administration 
of a direct intracameral cefuroxime injection in 
more than 32,000 cases in Sweden resulted in an 
endophthalmitis rate of 0.06 %, which was signif-
icantly lower than those previously determined. 
(However, they also reported that 12 of the 13 
culture-positive endophthalmitis organisms 
were cefuroxime resistant.) In addition, a lower 
rate of endophthalmitis was associated with the 
administration of intracameral cefuroxime com-
pared with topical antibiotic use alone in a 3-year 
prospective, nonrandomized study of more than 
225,000 cases in Sweden [ 41 ]. Furthermore, 
the value of intracameral antibiotic prophylaxis 
is underscored by the fi nding of a multicenter, 
prospective, randomized study by the European 
Society of Cataract and Refractive Surgeons 
(ESCRS) [ 21 ] showing that direct intracameral 
cefuroxime injections resulted in a 5.86-fold 
decreased (95 % confi dence interval, 1.72–20.0) 
risk for culture-positive endophthalmitis [ 21 ,  42 ]. 
Although support exists in the literature regarding 
the safety of using intracameral preparations of 
vancomycin and cephalosporin [ 43 – 49 ], there are 
several risks associated with compounding medi-
cations for intraocular administration, including 
toxic anterior segment syndrome, retinal tox-
icity, ocular contamination, and dosing errors 
[ 50 ]. However, the need for the compounding of 
medications is eliminated when moxifl oxacin is 
administered. In their study on the use of moxi-
fl oxacin for intracameral  prophylaxis, O’Brien 
et al. [ 38 ] noted its potency and bacterial activity 
and described how the self- preserved commercial 

formulation negated the need for compounding. 
Although no prospective randomized studies 
have been conducted to support the use of sub-
conjunctival antibiotic prophylaxis, research has 
indicated that it has a protective benefi t [ 7 ].   

16.4     Chronic (Delayed-Onset) 
Endophthalmitis 

 Chronic endophthalmitis is defi ned as an infection 
that occurs 6 weeks or more after cataract surgery 
and frequently persists, with recurrent low-grade 
infl ammation, for months thereafter [ 51 ]. 

16.4.1     Incidence 

 Data regarding the incidence of chronic endo-
phthalmitis following cataract surgery are scarce. 
Rogers et al. [ 52 ] estimated the ratio of acute to 
chronic postoperative endophthalmitis cases to 
be between 5:1 and 2:1, indicating that the inci-
dence rate can be fi ve cases per 10,000 individu-
als. Al-Mezaine et al. [ 53 ] determined the 
incidence of chronic endophthalmitis following 
cataract surgery in a tertiary care eye center to be 
1.7 cases per 10,000 individuals. However, deter-
mining the real incidence of chronic endophthal-
mitis might be diffi cult because of the nature of 
the disease and its indolent course [ 53 ].  

16.4.2     Etiology 

 In 1986, Meisler et al. [ 54 ] reported a syndrome 
of chronic indolent granulomatous uveitis that 
manifests weeks to months after cataract sur-
gery. This uveitis improves initially with topi-
cal corticosteroid therapy but fl ares up whenever 
the administration of steroids is tapered or 
stopped. According to electron microscopy fi nd-
ings and its identifi cation in anaerobic cultures, 
 Propionibacterium acnes  was determined to be a 
cause of this syndrome. 

 In addition to  P. acnes  [ 53 ,  55 – 58 ], which has 
been implicated in the majority of cases of 
chronic endophthalmitis (41–63 %), various 
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organisms have been associated with chronic 
endophthalmitis, including  Staphylococci  [ 59 –
 61 ] (more frequently  S. epidermidis  but occa-
sionally  S. aureus ), fungal organisms [ 62 ,  63 ], 
 Achromobacter  species [ 61 ],  Corynebacterium  
species [ 61 ],  Mycobacterium chelonae  [ 64 ], 
 Cephalosporium  species [ 65 ], gram-negative 
bacteria ( Alcaligenes xylosoxidans ) [ 66 ,  67 ], and 
 Actinomyces  species [ 68 ], and polymicrobial or 
mixed infections [ 67 ,  69 ] have also been reported.  

16.4.3     Clinical Presentation 

 Patients with chronic endophthalmitis usually 
present with low-grade and recurrent uveitis 
months or even years after cataract surgery. The 
infl ammation starts at the anterior chamber and 
then progresses to the vitreous. Patients most fre-
quently complain of decreased visual acuity and, 
to a lesser degree, mild pain, discomfort, and/or 
redness. 

 Clinical signs of chronic endophthalmitis 
might include the presence of cells and fl are in 
the anterior chamber and granulomatous uveitis 
with precipitates on the cornea and intraocular 
lens. An infection is generally suspected when a 
white capsular plaque, representing retained lens 
particles and sequestered organisms, is present 
[ 70 ]. The endophthalmitis can develop or worsen 
following Nd-YAG laser posterior capsulotomy, 
presumably due to liberation of previously locu-

lated organisms [ 71 ]. Although the plaque is 
indicative of  P. acnes  infi ltrate, it is also observed 
with other bacterial and fungal infections [ 53 , 
 72 – 74 ]. Vitritis is usually mild in cases of chronic 
endophthalmitis. The presence of “fl uff balls” or 
“pearls on a string” in cases of chronic endo-
phthalmitis is seen with fungal infections 
(Fig.  16.1 ). Moreover, sectoral iris infi ltration by 
fungal element can occur before the infection 
developed into fulminant fungal endophthalmitis 
(Fig.  16.2 ) [ 53 ,  56 ,  70 ].

16.4.4         Diagnosis 

 Diagnosing chronic endophthalmitis poses a 
challenge. Any intraocular infl ammation occur-
ring at any time within several months of a breach 
of ocular integrity should prompt suspicion of the 
diagnosis. Anaerobic cultures of intraocular 
specimens should therefore be monitored for a 
period of 14 days. However, even after 14 days, 
these cultures are often negative because most of 
the organisms are usually sequestered within the 
capsular bag. Another challenge is the increased 
likelihood of false-negative culture results owing 
to the small number of microorganisms in the 
sample, the physiological requirements of fastid-
ious organisms, and low pathogenicity [ 75 ]. 
Research has shown that PCR is more sensitive 
than culturing in the detection of chronic endo-
phthalmitis caused by  P. acnes  [ 76 ].  

  Fig. 16.1    Slit-lamp photograph showing ( a ) white plaque extending from the capsule equator  “ fl uff balls ”  caused by 
 Aspergillus terreus ; ( b ) retroillumination (Adapted from Al-Mezaine et al. [ 53 ])       
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16.4.5     Management 

 The    indolent nature of the organisms and their 
sequestration within the capsule protects them 
from host defenses and their different virulence 
factors make it hard to defi ne a treatment pro-
tocol for chronic postoperative endophthalmi-
tis or extrapolate the guidelines set for acute 
 endophthalmitis [ 70 ]. Clark et al. [ 57 ] and Aldare 
et al. [ 58 ] have proposed several management 
recommendations: the injection of intravitreal 
antibiotics alone, followed by PPV with partial 
capsulectomy, and, lastly, vitrectomy with total 
capsulotomy and intraocular lens (IOL) removal 
or exchange. 

 A cross-sectional review of the biggest case 
series [ 53 ,  57 ,  59 ,  77 ] on chronic endophthalmitis 
revealed varying results. Differences in causative 
organism, the type of initial therapeutic method 
performed, and the extent of the intervention [ 78 ] 
contribute to these varying results. From these 
series, a total of 98 patients with chronic endo-
phthalmitis were studied. The overall visual out-
come was 20/40 or better in about 46 % of the 
cases, whereas 54 % had varying degrees of 
visual impairment. An infection caused by  P. 
acnes  or gram-positive organisms was associated 
with a better visual outcome (better than 20/40 in 
more than 50 % of cases) than an infection caused 
by other types of bacteria. A fungal infection was 
associated with a more unfavorable prognosis. 

Those cases in which the initial treatment 
involved intravitreal injection alone had the high-
est rate of recurrence (90 %). The performance of 
PPV and the administration of intravitreal injec-
tions were associated with a decreased rate of 
recurrence in all series. The inclusion of partial 
capsulotomy to PPV and the administration of 
antibiotic injections further decreased the rate of 
recurrence to 42 % [ 78 ]. However, in all series, 
the overall calculated rate decreased to as low as 
50 % when treatment involved PPV, intravitreal 
antibiotic injections, total capsulotomy, and 
removal or exchange of the IOL, whereas the rate 
of recurrence was 68 % when PPV was combined 
with only intravitreal antibiotic injection [ 78 ].   

16.5     Posttraumatic 
Endophthalmitis 

 Infectious endophthalmitis is a devastating com-
plication of open-globe injuries. It comprises 
approximately 25–30 % of all cases of infec-
tious endophthalmitis. The incidence of culture- 
positive endophthalmitis after open-globe 
injuries varies between 0.5 and 17 % [ 79 – 93 ]. 
Previous reports have demonstrated that delayed 
primary repair, dirty wound, breach of lens cap-
sule, retained intraocular foreign body (IOFB), 
grade 4 injury (presenting visual acuity of worse 
than 5/200 to light perception),  placement of 

  Fig. 16.2    Slit-lamp photograph showing ( a ) sectoral iris infi ltration with  Aspergillus niger ; ( b ) fulminant fungal endo-
phthalmitis 2 months later (Adapted from Al-Mezaine et al. [ 53 ])       
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 primary intraocular lens, needle injuries, and 
rural setting are associated with an increased risk 
of posttraumatic endophthalmitis [ 79 ,  81 – 84 , 
 87 ,  88 ,  90 – 93 ]. Posttraumatic endophthalmitis 
is associated with its own microbiologic spec-
trum which is distinct from other subgroups 
of exogenous endophthalmitis. Gram-positive 
organisms such as  Bacillus ,  Staphylococci , and 
 Streptococci  are frequently isolated pathogens 
[ 79 – 82 ,  94 – 101 ]. Posttraumatic endophthalmi-
tis still carries a poor prognosis. When pooling 
data from previously reported studies of posttrau-
matic endophthalmitis, visual acuities of 20/40 or 
better were preserved only in 37 % of patients. 
Reasons for guarded prognosis include polymi-
crobial infection, the virulence of the infecting 
microorganisms, and possible delayed diagnosis 
and initiation of treatment. In addition, concomi-
tant injuries may directly result in ocular damage 
that limits ultimate visual recovery [ 79 – 98 ,  101 ]. 

 Useful clinical symptoms and signs in the 
diagnosis of endophthalmitis after open-globe 
injury include worsening vision and pain, hypo-
pyon, vitritis, retinitis, periphlebitis, as well as 
corneal ring infi ltrate. Diagnostic imaging in the 
setting of trauma helps in the detection of sus-
pected IOFB or to rule out retinal and choroidal 
detachments. Axial computed tomography (CT) 
scans are most useful for localization of metallic 
IOFBs. Echography facilitates assessment of the 
degree of vitreous opacifi cation, presence of 
IOFB, status of the posterior hyaloids face, as 
well as detection of either choroidal or retinal 
detachments. 

 Because of the substantial incidence of 
endophthalmitis after open-globe injuries, care-
ful consideration should be given to the use of 
prophylactic antimicrobial therapy. The purpose 
of prophylaxis is to provide effective antibi-
otic level as rapidly as possible against a broad 
range of organisms. The use of systemic antibi-
otics in the prophylactic treatment of posttrau-
matic  endophthalmitis has become the standard 
of care in patients with open-globe injuries, on 
the basis of clinical experience, but there is little 
experimental evidence that supports the effi cacy 
of such therapy [ 79 ,  82 ,  95 ]. Ariyasu et al. [ 102 ] 
demonstrated microbial contamination of the 

anterior chamber at the time of repair in one-third 
of their eyes with open-globe injuries. None of 
these eyes developed clinical endophthalmitis. 
The incidence of positive anterior chamber cul-
ture was signifi cantly lower in patients receiv-
ing intravenous antibiotics before wound repair 
compared with patients not receiving such ther-
apy. These data support the prophylactic use of 
broad- spectrum intravenous antibiotics against 
the development of posttraumatic endophthal-
mitis by reducing the incidence of intraocular 
microbial contamination. Good coverage for 
most organisms is obtained with intravenous 
vancomycin coupled with a third-generation 
cephalosporin, such as ceftazidime, which can 
penetrate the vitreous cavity in effective levels 
in infl amed aphakic experimental eyes [ 103 , 
 104 ]. Ceftazidime provides effective coverage 
for gram-negative intraocular infections [ 103 , 
 105 ], and vancomycin provides coverage for 
gram- positive organisms [ 104 ,  105 ]. The benefi -
cial role of prophylactic intravenous vancomycin 
coupled with ceftazidime was suggested [ 90 ,  92 ]. 

 Animal models have demonstrated the effi -
cacy of intravitreal antibiotics for prophylaxis 
of posttraumatic endophthalmitis [ 106 ,  107 ]. A 
small randomized trial showed that prophylac-
tic intravitreal injection of vancomycin (1 mg) 
and ceftazidime (2.25 mg) decreases the risk of 
posttraumatic endophthalmitis [ 108 ]. Recently, a 
multicenter study provided strong evidence sup-
porting the role of adjunct intraocular antibiotic 
injection at the time of primary repair in reduc-
ing the rate of posttraumatic endophthalmitis in 
open-globe injuries with retained IOFB [ 109 ]. 
Some authors recommended prophylactic intra-
vitreal antibiotic administration in high-risk cases 
[ 81 ,  98 ,  110 ]. Therefore, it is crucial to identify 
these high-risk cases. Essex et al. [ 88 ] found that 
cases with ≥2 of the three risk factors (delay in 
primary repair of ≥24 h, dirty wound, and lens 
breach) had a relative risk of 5.1 for developing 
endophthalmitis. They therefore recommended 
intravitreal antibiotic injection for these cases at 
the time of primary repair. In a previous study, 
we identifi ed clinical risk factors for the devel-
opment of endophthalmitis after repair of open-
globe injuries. Our logistic regression analysis 
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indicated that dirty wound was an independent 
risk factor for the development of endophthalmi-
tis with a relative risk of 11.6. In addition, the 
presence of retained IOFB in association with 
rural address or dirty wound was associated with 
a high risk for the development of posttraumatic 
endophthalmitis after primary repair. The relative 
risks were estimated to be 11.0 and 9.2, respec-
tively, for developing endophthalmitis over those 
with none of these combinations. We therefore 
would consider prophylactic intravitreal admin-
istration of antibiotics in these high-risk groups 
at the time of primary repair [ 92 ]. The combina-
tion of vancomycin (1 mg/0.1 ml) and ceftazi-
dime (2.25 mg/0.1 ml) can be considered in these 
cases. 

 Initial treatment of posttraumatic endophthal-
mitis includes intravitreal antibiotic injection. 
Directly injecting antibiotics into the globe 
affords highest drug concentration in the vitreous 
humor. One must cover gram-positive and gram- 
negative organisms when treating posttraumatic 
endophthalmitis. For initial therapy, we recom-
mend intravitreal vancomycin (1 mg/0.1 ml) and 
ceftazidime (2.25 mg/0.1 ml). In addition to 
appropriate antibiotic treatment, early therapeu-
tic vitrectomy is often indicated. The use of sili-
cone oil tamponade in vitrectomy for 
posttraumatic endophthalmitis has been shown to 
be useful [ 111 ,  112 ].  

16.6     Bleb-Associated 
Endophthalmitis 

 Bleb-associated infections are infrequent but 
potentially devastating complication after 
glaucoma- fi ltering surgery. The spectrum of dis-
ease severity ranges from infection limited to the 
fi ltering bleb to intraocular extension leading to 
endophthalmitis. Blebitis is defi ned as presumed 
infection in or around the fi ltering bleb without 
vitreous involvement. It may be associated with 
mild to moderate anterior chamber infl ammation. 

 Bleb-associated endophthalmitis is a devastat-
ing complication of glaucoma-fi ltering surgery. It 
denotes bleb infection with involvement of the 
vitreous. The presence of infl ammatory cells in 

the vitreous is a key for differentiating endo-
phthalmitis from blebitis. It usually develops 
months or years after glaucoma-fi ltering surgery. 
Risk factors for its development include the use 
of an antifi brotic agent, an inferior bleb location, 
thin bleb, bleb leak, chronic use of antibiotics, 
blepharitis, prior conjunctivitis and upper respi-
ratory infection, and a history of bleb infection. 

 The widespread introduction of antiprolifera-
tive agents such as 5-fl uorouracil and mitomycin-
 C as an adjunct use in trabeculectomy has 
remarkably improved the success rate of fi ltration 
surgery. However, their use results in formation 
of thin, avascular blebs, increased risk of late 
bleb leaks, and a higher incidence of endophthal-
mitis. Lehmann et al. [ 113 ] reported the odds of 
endophthalmitis to be three times higher in 
patients who receive antiproliferatives versus 
those who do not. The reported incidence of 
bleb-associated endophthalmitis, after glaucoma- 
fi ltering procedures with adjunctive mitomycin-
 C, ranges from 2.1 to 3.2 %. This incidence is 
higher than the reported rate in eyes undergoing 
fi ltering surgery without the use of antifi brotic 
agents [ 114 – 116 ]. 

 A different microbiological spectrum distin-
guishes this group from endophthalmitis observed 
in other clinical settings [ 114 ,  117 – 125 ]. Unlike 
acute postoperative endophthalmitis, which results 
from direct intraoperative inoculation of micro-
organisms, bleb-associated endophthalmitis fol-
lows transconjunctival migration of bacteria into 
the eye [ 117 ]. The poor visual outcome in bleb-
associated endophthalmitis could be because of its 
association with the virulent  Streptococcus  species 
and gram-negative bacteria such as  Haemophilus 
infl uenzae.  Exotoxins produced by  Streptococcus  
species might aid the organism in penetrating 
through intact conjunctiva overlying the bleb. 
Bleb-associated endophthalmitis is associated with 
its own microbiologic spectrum which is distinct 
from that of acute-onset endophthalmitis after cat-
aract surgery. In acute-onset endophthalmitis after 
cataract surgery, the less virulent coagulase-nega-
tive staphylococci, predominantly  Staphylococcus 
epidermidis , was the most common organism, 
accounting for 70 % of the isolates [ 105 ]. On the 
other hand, the more virulent streptococcal species 
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and gram-negative bacteria such as  Haemophilus 
infl uenzae  are more common causes of delayed-
onset bleb-associated endophthalmitis [ 114 ,  117 –
 125 ]. Streptococcal species produce exotoxins and 
are capable of penetrating the intact conjunctiva 
overlying the bleb with rapid spread into the ante-
rior chamber and vitreous. The most common iso-
lates are  Streptococcus  species and gram-negative 
bacteria, predominantly  Haemophilus infl uenzae , 
followed by  Staphylococcus epidermidis  [ 114 , 
 117 – 125 ]. The rate of isolation of  Streptococcus  
species in bleb-associated endophthalmitis is 
higher than the 9.0 % rate found in endophthal-
mitis after cataract surgery [ 105 ]. Endophthalmitis 
caused by  Streptococcus  species was reported to be 
associated with an aggressive clinical course and a 
correspondingly poor visual prognosis [ 126 ,  127 ]. 
Series of bleb-associated endophthalmitis reported 
that  Streptococcus  species was the organism most 
frequently associated with poor visual prognosis 
[ 114 ,  117 – 122 ,  124 ]. These fi ndings are consistent 
with the results of the Endophthalmitis Vitrectomy 
Study showing that patients with growth of coag-
ulase-negative  Staphylococci  achieved the best 
visual outcome and that  Streptococci  were asso-
ciated with the poorest visual outcome [ 128 ]. 
Therefore, the favorable overall visual outcome 
in patients with endophthalmitis after cataract-
related surgery relative to patients with bleb-asso-
ciated endophthalmitis might be related to the high 
frequency of infection with coagulase-negative 
 Staphylococci  in endophthalmitis after cataract- 
related surgery [ 105 ]. 

 Bleb-associated endophthalmitis still carries a 
poor prognosis. In combining previously reported 
studies, visual acuities of 20/400 or better were 
preserved in only 43 % of patients, and 24 % of 
patients had fi nal visual acuity of no light 
 perception. Reasons for guarded prognosis 
include the virulence of infecting organisms 
[ 114 ,  117 – 122 ,  124 ] and ocular comorbidities, 
such as the advanced stage of glaucoma in many 
of these patients. However, the poor outcome 
may also suggest the lack of an effective treat-
ment regimen. In our series we identifi ed a sig-
nifi cant association between good visual outcome 
and better presenting visual acuity, shorter inter-
val from onset of symptoms to treatment, and 

clear cornea at presentation in the univariate 
analysis. Shorter interval from onset of symp-
toms to treatment retained statistical signifi cance 
in the multivariate analysis. In addition, univari-
ate and multivariate analyses identifi ed diabetes 
mellitus to be a negative predictor of good visual 
outcome [ 124 ]. 

 Early diagnosis and prompt intensive treat-
ment of blebitis are critical in view of rapid dete-
rioration and potential risk of progression to 
endophthalmitis, which has relatively devastating 
outcome. In early stage, conjunctival injection 
localized to the region of fi ltering bleb may be 
noted. Later bleb appears milky, with loss of 
translucency. Turbid fl uid inside bleb may be vis-
ible, possibly with frank purulent material in or 
leaking from the bleb. Infl ammatory cells may 
spill over into the anterior chamber. Hypopyon in 
the presence of signs of external bleb infection 
indicates endophthalmitis until proven otherwise. 
The presence of infl ammatory cells within the 
vitreous is key for differentiating endophthalmi-
tis from blebitis. Slit-lamp biomicroscopy exami-
nation of the bleb and Seidel test to detect any 
bleb leak should be performed. Ultrasound exam-
ination of vitreous should be performed if fundus 
examination is obscured due to infl ammation. A 
swab of conjunctiva over the bleb and an anterior 
chamber tap should be performed for Gram stain 
and culture sensitivity before starting antibiotic 
therapy. Vitreous tap also should be performed if 
a hypopyon is present or there is any indication of 
involvement of the vitreous. 

 Intensive topical broad-spectrum antibiotic 
regimen alone is appropriate for patients with 
blebitis, without evidence of vitreous involve-
ment. After the antibiotics have been used for 
about 24 h and signs of improvement of blebitis 
become evident, topical steroid should be initi-
ated to prevent scarring and preserve the fi ltration 
site. The EVS guidelines for the treatment of 
post-cataract surgery endophthalmitis [ 129 ] can-
not be applied to bleb-associated endophthalmitis 
because it is different in its presentation, infective 
organisms, and prognosis. Bleb-associated endo-
phthalmitis needs more aggressive treatment. 
Recent retrospective studies demonstrated that 
patients treated with initial vitrectomy had better 
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visual outcome and a lower incidence of no light 
perception vision than those treated with tap and 
injection [ 122 ,  124 ]. On the other hand, other 
studies [ 121 ,  125 ] reported worse visual outcome 
with vitrectomy. In these studies, the patients 
who underwent initial vitrectomy had a more 
severe infection and poorer visual acuity at time 
of endophthalmitis diagnosis. Because of this 
selection bias, fi nal visual outcomes would be 
expected to be worse in the vitrectomy group.
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