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tARGEt AUDiEnCE this educational activity is in-
tended for ophthalmologists and ophthalmologists in 
residency or fellowship training.

LEARninG oBJECtiVES upon completion of this 
activity, participants will be able to:
1. list and discuss risk factors for infection following 

penetrating and lamellar keratoplasty.
2. list the most common pathogens associated with 

anterior uveitis and corneal epitheliitis.
3. Compare and contrast the timing of intraocular infec-

tions in regards to the source of infection.
4. discuss the diagnostic approach to anterior uveitis and 

corneal epitheliitis.  
5. list and discuss the indications for various treatment 

modalities for anterior uveitis and corneal epitheliitis.
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FiGURE 1 Patient with cytomegalovirus 
acute anterior uveitis. Slit lamp photograph 
showing a mixture of fi ne and medium 
keratic precipitates, located mainly inferiorly. 
(Photographs in this article courtesy Chee Soon Phaik, MD.)

Infectious Complications
of Corneal transplants
Francis S. Mah, MD

Infection associated with corneal 
transplantation is a rare event, but it can 
be devastating if caught too late. Vigilance 
and willingness to act are the keys to 
turning a potential disaster into a treatable 
complication.

Infection is an inherent risk in 
corneal transplantation, as the proce-
dure—whether penetrating or lamellar—
involves incisions, multiple instruments, 
tissue manipulation, sutures, and long-
term use of immunosuppressive and anti-
infl ammatory medication. Despite this, 
postoperative infection rates are consid-
erably lower following corneal grafting 
(one study showing one or two per 10,000 
procedures) than in cataract surgery.1

Possible explanations for this 
counter intuitive finding include the 
fact that a much higher proportion 
of the eyes that undergo penetrating 
keratoplasty have previously been vitrec-
tomized, eliminating some of the intra-

ocular contents to which bacteria might 
attach and grow during subsequent 
surgeries. A second hypothesis relates to 
the diff erences in surgical procedure: in 
cataract surgery instruments continually 
poke into the eye and are withdrawn, 
and the heat generated by phacoemul-
sifi cation requires volumes of fl uid to be 
continuously passed through the eye. 

While the incidence is low, post-
transplant infection is an ongoing threat 
to recipients. Infections that are not caught 
and treated quickly and aggressively are 
associated with poor outcomes, including 
graft rejection and reduced visual acuity.

timing of infection 
Infection following corneal trans-

plant typically occurs within one of 
three timeframes: immediately (within 
days or weeks of surgery); delayed 
(within months of surgery); and late-
onset (months to years after surgery). 
Each timeframe is associated with dif-
ferent potential sources of infection and 
diff erent outcomes. 

Immediate post-transplant infec-
tion may be caused by a contaminated 
graft, residual infection in the host, or 
by organisms introduced via a break in 
sterility during the procedure or prior to 
complete epithelialization of the surgi-
cal incisions. When the graft is being 
performed to eliminate an infection that 
has resisted other forms of treatment 
(eg, tectonic PKP/DALK), the risk of 
postoperative infection is greater than in 
transplants performed for noninfectious 

see InsIDe for:
ocular CMV infection in immunocompetent 
Patients by Chee Soon Phaik, MD
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StAtEMEnt oF nEED
Ophthalmologists face numerous challenges in optimizing 
their competencies and clinical practices in the realm of 
preventing, diagnosing, and treating ocular infections and 
their sequelae; these challenges include:
•  Th e widespread “off -label” use of topical ophthalmic anti-

biotics to prevent and treat serious and sight-threatening 
infections—given the reality that the most widely used 
topical antibiotics in ophthalmology have FDA approvals 
restricted to bacterial conjunctivitis.

•  Th e escalating levels of multi-drug resistance in common 
ocular pathogens.1

•  Th e emergence and increasing prevalence of once-atypical 
infections that may require diagnostic and treatment 
techniques relatively unfamiliar to comprehensive oph-
thalmologists.2 

•  Th e introduction of new and potentially more effi  cacious 
and/or safe ophthalmic antiinfectives.3

•  Th e introduction of new and potentially more accurate 
diagnostic techniques for ophthalmic infections.4

•  Widespread discussion over the effi  cacy and safety of novel 
or alternative delivery techniques and vehicles for prophy-
lactic ophthalmic antibiotics (including but not limited to 
intracameral injection and topical mucoadhesives).5,6

•  Increased understanding of the infl ammatory damage 
caused by ocular infections and the best ways to prevent/
alleviate infl ammation without fueling the growth of 
pathogenic organisms. 

Given the continually evolving challenges described above, 
Topics in Ocular Antiinfectives aims to help ophthalmologists 
update outdated competencies and narrow gaps between 
actual and optimal clinical practices. As an ongoing resource, 
this series will support evidence-based and rational antiinfec-
tive choices across a range of ophthalmic clinical situations. 
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oFF-LABEL USE StAtEMEnt Th is work discusses off -
label uses of antiinfective medications.
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indications (eg, keratoconus, ectasia, or 
corneal scarring). 

Late-onset infections that begin 
months following surgery are often the 
result of a loose or broken suture that 
acts as a nidus of bacterial attachment 
and infection. Finally, infection can oc-
cur years after the transplant procedure. 
Th ese infections are often associated 
with a failed corneal graft where bullae 
may be present for which reoperation 
has not been performed. 

Lamellar Procedures
Some caveats are necessary when 

talking about infection rates in lamel-
lar corneal transplants. Low incidence 
events are inherently diffi  cult to track 

and study. With the exception of a 
large review of donor-related infections 
reported to US eye banks1, most of what 
we know about infection in lamellar 
surgery comes from institutional reviews 
and individual case reports. In addition, 
because lamellar surgery is relatively 
new and the procedures are continuing 
to evolve, data regarding infection rates 
as they relate to diff erent techniques is 
scarce and currently meaningful data 
are lacking.

Deep anterior lamellar keratoplasty 
(DALK) involves replacement of the 
anterior structures of the cornea down 
to Descemets membrane. As a nonpen-
etrating procedure, the anterior chamber 
is not exposed, which greatly reduces the 

chance of intraocular infection. How-
ever, post-DALK infectious keratitis 
can occur at the junction of the host 
and donor tissue within days to months 
following surgery and may be caused by 
bacterial or fungal pathogens.2,3 

In Descemets stripping endothelial 
keratoplasty (DSEK) and Descemets 
membrane endothelial keratoplasty 
(DMEK), incision sites are potential 
routes for introduction of infection. 
Reports of infection associated with the 
use of midperipheral “vent” incisions 
through the epithelium and stroma to 
reduce DSEK button dislocation have 
been reported.4 A review of infection 
rates of 150 consecutive DSEK pro-
cedures that employed vent incisions 
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interstitial Crystalline 
Keratopathy 

Patients on long term steroid pro-
phylaxis following transplant surgery 
are at risk for streptococcal infection and 
may present with interstitial crystalline 
keratopathy (ICK). Because steroids 
suppress the infl ammatory response, 
patients with ICK may be asymptomatic 
or report only minimal vision loss. Th us, 
ICK is often observed fi rst on routine 
follow-up examination.

Slit lamp examination of these eyes 
reveals material in the mid- or anterior 
stroma arrayed in a branching pattern 
that resembles crystals or icicles inside 
the cornea. Th e patient’s cornea (like 
the eye in general) is typically fairly 
quiet, with little evidence of infl amma-
tion (likely due to the steroid). Gram-
positive bacteria, particularly viridans 
streptococci, are commonly the cause.6,7

Management entails suture removal, 
stopping the steroid, obtaining a culture 
if possible, and administration of broad-
spectrum antimicrobials.

Post-transplant infection among 
long-term steroid users may also take 
place in patients with a failed corneal 
graft. Because failed grafts are edema-
tous and unhealthy, they are vulnerable 
to infection with a range of pathogens, 
including less virulent organisms such 

revealed a 2% incidence of deep infec-
tious keratitis resulting in signifi cant 
keratolysis of host stroma.4 Th e authors 
were unable to conclude whether vent 
incisions played a role in the develop-
ment of postoperative keratitis, but at 
least one of the surgeons involved in 
the study has abandoned the procedure.

tissue Processing
A further procedural consideration 

is where and by whom the lamellar tissue 
is cut: by the surgeon in the operating 
room or the staff  at the eye bank. Th e 

eye bank method may off er an advantage 
in that the post-cut tissue gains a period 
of exposure to an antibiotic-containing 
storage medium (Optisol-GS). Th is is in 
contrast to surgeon-controlled cutting 
in which the donor tissue is exposed 
to Optisol-GS only in its precut form.

The other side of the argument, 
however, is that cutting the donor tissue 
right in the operating room allows the 
surgeon to have more control and to spot 
any break in sterility, should one happen. 

One study showed that precut grafts 
were somewhat more likely to harbor 
bacteria at the time of implantation than 

grafts that were cut after leaving the eye 
bank.5 In a retrospective review of con-
secutive corneal transplants performed 
between 2003 and 2008 at a tertiary care 
center that used a single eye bank, donor 
rim cultures were positive for bacteria 
in 4.7% of non-cut and 8.5% of precut 
grafts (P = 0.058), and they were positive 
for fungus in 2.5% of uncut and 2.3% of 
precut grafts (P = 1.0).

Of note, none of the patients with 
positive bacterial culture of the donor 
rim experienced postoperative infec-
tion; however two of the patients with 
positive fungal cultures did. Both grew 
Candida traceable to a single donor, 
so iatrogenic contamination was not 
thought to be the cause.5 

Pathogens
Most graft infections that arise dur-

ing or shortly after surgery or that attach 
to a suture and start to grow in the days 
or weeks afterwards are caused by the 
normal staphylococcal and streptococcal 
fl ora that live in proximity to the eye. 
Overall, fungal infection is more com-
mon than bacterial infection, according 
to a recent review performed by the Eye 
Bank Association of America.1  

Among cases of endophthalmitis or 
keratitis reported to eye banks between 
2007 and 2010 in conjunction with pen-
etrating, endothelial, or anterior lamel-
lar keratoplasty, over 60% were fungal in 
origin. Fungal culprits included Candida 
albicans, Candida tropicalis, Candida 
glabrata, and unspecifi ed yeast. While 
a slight increase in the yearly incidence 
of post-transplant fungal infection was 
observed in this study, it was not statis-
tically signifi cant, and the conclusion 
was made that modifi cation of eye bank 
tissue preparation protocol to include an 
antifungal in the harvesting medium 
was not warranted.

Another key observation in this 
study was that when a fungal infection 
occurred in a corneal graft recipient, 
75% of the time the donor’s fellow eye 
was also positive for fungus. Th us, when 
a graft recipient is seen to have a fungal 
infection, the recipient of corneal tissue 
from the donor’s fellow eye should be 
strongly considered for treatment for 
fungal infection.1

COre COnCePts 
➤	 infection following corneal 

transplant is very rare (1 or 2 
cases per 10,000)

➤	 infection may occur at any 
time—from days to years—
after corneal transplantation

➤	 infection rates for newly 
developed lamellar 
procedures are unknown

➤	 Most post-transplant 
infections in the US are 
fungal

➤	 Long-term steroid use 
can affect the signs and 
symptoms of infectious 
keratitis

➤	 Eyes suspicious for graft 
infection should be cultured 
and treated aggressively

PREVEntinG AnD 
DEtECtinG PoSt-tRAnSPLAnt
inFECtion 

identify at-risk patients before 
surgery
■ Advanced age
■ diabetes
■ Blepharitis
■ Recent antibiotic use
■ Surgery to correct current infection

During surgery
■ Standard protocol; 
 povidone-iodine
■ Vigilance for sterility breaks

After surgery
■ Post-operative antibiotic 

prophylaxis
■ Educate patient on signs of 

infection (RSVP)
■ Emphasize need for patient to
 call promptly if symptoms appear
■ maintain high level of suspicion 

for corneal infection
■ ICK patients may be asymptomatic
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as Moraxella species. A review of post-
penetrating keratoplasty graft infections 
from Melbourne Australia revealed that 
30.4% of infected failed grafts were 
infected with Moraxella spp. compared 
with 8% of infected clear grafts.8 Fur-
ther, 43.5% of infected failed grafts in 
the series had polymicrobial infection.

Steroid Effects
Infectious keratitis following cor-

neal transplant presents somewhat dif-
ferently from non-transplant keratitis, in 
part because most transplant patients are 
on chronic steroids. This can have one 
of two effects on patient presentation. 
As an immune suppressant, steroids 
can potentiate a classic infection and 
augment signs and symptoms.

On the other hand, steroids sup-
press inflammation, so patients with 
post-transplant infection may present 
with minimal complaints and little 
evidence of infection or inflammation. 
Maintaining a high index of suspicion 
for infection is critical, especially when 
steroids may be distorting the clinical 
picture. Any corneal infiltrate appearing 
after transplantation at the graft/host 
junction or anywhere in the epithelium, 
stroma, or endothelium should arouse 
suspicion of infection. In treating, wis-
dom dictates following the traditional 
advice: “Think of the worst thing and 
cover for that.”

When infection is possibly present 
but the signs aren’t definitive, denial—
“this isn’t happening to my patient”—is 
a very dangerous response. If there is 
reason to suspect infection, it is wise 
to put one’s ego aside and consider the 

possibility of a worst-case scenario. 
With the advent of lamellar procedures 
such as DSEK and DMEK, infection 
at the interface is essentially an abscess 
that requires graft removal, intraocular 
antibiotics, and repeat transplantation, 
once the infection is cleared. The good 
news is that, when caught early and 
treated appropriately, these conditions 
tend to clear quickly and have good 
long-term outcomes. 

Prevention and Management
Common sense measures to prevent 

infections should be taken with any 
surgery. Careful surgical technique 
and vigilance for sterility breaks are 
cornerstones of infection prevention. 
In addition, patients who have a higher 
than average bacterial or fungal burden 
near the eye, such as patients with 
blepharitis, and patients with poten-
tially altered commensal flora (due, for 
example, to recent antibiotic exposure) 
have augmented risk for infection and 
should be observed more closely. 

When graft infection is suspected, 
it is wise to err on the side of caution. 
The earlier the graft is cultured and 
antibiotic coverage begun, the better. 
Recruit patients as allies in early detec-
tion by teaching them about signs and 
symptoms of infection. (RSVP for red-
ness, sensitivity to light, visual change, 
and pain is a useful mnemonic.) Patients 
should be urged to call sooner rather 
than later should any of these signs per-
sist for more than a brief while. I always 
say to my patients: “I would rather tell 
you that everything is fine than have to 
say that you should have called sooner.”

Conclusion
Although infrequent, post-trans-

plant infections can cause serious harm. 
Surgeons should remain cognizant of 
infection risk before, during, and after 
surgery and be quick to intervene when 
infection is suspected.

Francis S. Mah, MD, is director of cornea and ex-
ternal disease, and co-director of refractive surgery 
at the Scripps Clinic Medical Group, La Jolla, CA, 
and a consultant and member of the Charles T. 
Campbell laboratory of the University of Pittsburgh 
Medical Center. 
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Ocular Cytomegalovirus Infection 
in Immunocompetent Patients
Chee Soon Phaik, MD

While cytomegalovirus is well known to 
cause retinitis in immunocompromised 
individuals, recent work has found 
viral infection of the anterior chamber 
in immunocompetent individuals with 
anterior uveitis and corneal endotheliitis.

Cytomegalovirus (CMV) is one of 
five human herpes viruses that can infect 
and cause damage to the eye.1 In the 
US, 50–80% of the general population 
is silently infected with CMV by age 40 
years, and similar or higher prevalence 
rates have been reported in other parts 
of the world.2,3,5 The vast majority of 

infected individuals will never experi-
ence CMV-related disease because the 
healthy immune system is able to keep 
the virus in check.2 Indeed, the most 
common form of ocular CMV disease, 
retinitis, is seen almost exclusively in 
patients with immunodeficiency syn-
dromes such as AIDS.
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Anterior Segment CMV Disease
In recent years, however, there 

has been increasing recognition that 
CMV is responsible for a significant 
proportion of two types of anterior 
ocular disease—corneal endotheliitis 
and anterior uveitis—among immuno-
competent patients.1,4-7 The detection of 
viral antigens by means of polymerase 
chain reaction (PCR) testing of aqueous 
humor and corneal specimens has led to 
better awareness of the role of viruses in 
anterior ocular disease. By looking for 
the virus, we have learned that many 
cases of “idiopathic” anterior segment in-
flammation, conventionally categorized 
as Posner-Schlossman syndrome (PSS) 
or Fuchs heterochromic iridocyclitis 
(FHI), as well as some cases of presumed 
herpes simplex virus (HSV)-related an-
terior uveitis, are in fact due to CMV.5,8

Much of the emerging information 
regarding CMV ocular infection in im-
munocompetent hosts has come from 
eastern nations such as Singapore, Japan, 
and Taiwan, a noteworthy observation 
which suggests the possibility that certain 
populations are at increased risk. In stud-
ies from Singapore National Eye Centre 
that evaluated eyes with HIV-negative en-
dotheliitis and hypertensive anterior uve-
itis, the great majority of the patients with 
detectable CMV antigen in the anterior 
chamber (and without detectable HSV, 
varicella zoster virus [VZV], or Toxo-
plasma gondii) were of Chinese ethnicity 
(29 of 33; 88%).4,5 Only four of the 33 pa-
tients were Malay (n = 3) or Indian (n = 1).5 

This does not exclude the possibility 
that other populations are also at risk or 
that the disease is underdiagnosed in 
much of the world. Reports from the 
Netherlands reveal that CMV-related 
chronic anterior uveitis occurs in immu-
nocompetent Caucasians.1 In the US and 
other nations where diagnostic anterior 
chamber taps and viral PCR testing are 
less frequently performed, incidence and 
risk factors remain poorly characterized.

Distinguishing viral from non-
viral anterior ocular inflammation is a 
critical aspect of patient management. 
Viral identification makes the selection 
of an appropriate antiviral medication 
possible and deters physicians from 
prescribing steroid therapy alone, which 

may exacerbate virus-related pathology 
if unaccompanied by antiviral therapy.

Acute Anterior Uveitis
CMV-related anterior uveitis can 

manifest in acute or chronic form. 
Patients with acute anterior uveitis 
commonly present in their 30s or 40s 
(range from teens to 70s) with recurrent, 
short-lived episodes of blurred vision 
with halos and usually headache.5 The 
attacks appear to pass quickly—even 
as briefly as 15 minutes—and patients 
may not consider them significant until 
they start to occur more frequently. At 
the time of the episode, intraocular 
pressure (IOP) can become very high, 
on the order of 45 mm Hg.

Anterior ocular findings vary from 
patient to patient and episode to episode. 
Most patients, perhaps two-thirds, have 
limited evidence of anterior chamber in-
flammation (seemingly disproportionate 
to the IOP spike) with few visible cells. 
Others may have some corneal haziness 
and 1 or 2 small- or medium-size keratic 
precipitates arranged as a ring or a line 
(Figure 1, cover). Patchy iris atrophy 
due to repeated attacks may be present.5

Examination of the back of the eye 
may reveal optic nerve asymmetry or 
other hallmarks of repeated transient 
IOP elevation. This finding sometimes 
prompts a referral to the glaucoma ser-
vice and can lead to a mistaken diagnosis 
of normotensive glaucoma, which may 
be very difficult to distinguish clinically 
from CMV-related acute anterior uveitis. 
A patient history that reveals symptoms 
of CMV and/or the presence of keratic 
precipitates on exam can be useful in 
differentiating the two disorders.

At Singapore National Eye Centre, 
we actively seek to identify CMV anti-
gen in aqueous specimens in relevant pa-
tients so that our results can guide treat-
ment decisions. In a case series of 104 
patients with hypertensive acute anterior 
uveitis who presented between 2004 and 
2006, 23% were CMV-positive (and 
HSV, VZV, and T. gondii-negative) by 
PCR of aqueous tissue.5 The CMV-pos-
itive patients’ blood serum was negative 
for CMV antigen but positive for CMV 
antibody, indicating that their current 
active infection was limited to the eye. 

Among this CMV-positive subset of 
patients 18 (75%) had a prior diagnosis 
of PSS, five (21%) had a prior diagnosis 
of FHI, and one had been presumed to 
have herpetic anterior uveitis.5

PSS May Be Acute CMV Uveitis
Although it is not universally detect-

ed, many of us who study CMV believe 

COre COnCePts 
➤	 CMV may cause endotheliitis 

or acute or chronic anterior 
uveitis.

➤	 Aqueous humor testing for 
CMV may be performed by 
PCR (antigen detection) or 
Goldmann-Witmer coefficient 
(antibody detection).

➤	 CMV has been associated 
with Fuchs heterochromic 
iridocyclitis and Posner-
Schlossman syndrome.

➤	 Unexplained endothelial 
cell loss, particularly in a 
young patient, should raise 
suspicion of CMV infection.

➤	 Recurrent hypertensive CMV 
acute anterior uveitis should 
be ruled out in unilateral 
normotensive glaucoma. 

➤	 Patients with acute recurrent 
hypertensive anterior uveitis 
should be tested for ocular 
CMV.

➤	 Patients with chronic anterior 
uveitis with or without ocular 
hypertension who do not 
respond to steroid treatment 
also warrant ocular CMV 
testing.

➤	 Corneal immune ring 
formation should raise 

 suspicion of CMV endotheliitis.

➤	 CMV infection may 
complicate corneal transplant 
surgery and mimic rejection.

➤	 Ganciclovir treatment is 
associated with a significant 
level of recurrence after drug 
cessation; ganciclovir gel 
used indefinitely represents 
a reasonable strategy for 
treatment of CMV anterior 
uveitis and endotheliitis
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FiGURE 3 Patient with cytomegalovirus 
chronic anterior uveitis and a small patch of 
endotheliitis. Slit lamp photograph showing 
the development of an immune ring around 
the previous patch of endotheliitis. Note also 
the diffusely distributed fi ne and fi liform keratic 
precipitates.

FiGURE 4 Patient with cytomegalovirus 
endotheliitis with previous fi ltration surgery. 
Slit lamp photograph showing diffuse corneal 
edema with Descemets folds. 

that it is a predominant cause of PSS, at 
least in some populations. Th ere is no 
laboratory test for PSS; the diagnosis is 
based on clinical fi ndings of recurrent 
mild iritis, elevated IOP (that returns to 
normal between attacks), open angles, 
diff use corneal edema, and fi ne keratic 
precipitates.5 To test our hypothesis, 
and to identify clinical features that 
might distinguish CMV-positive from 
CMV-negative PSS, we conducted a 
review of all cases of PSS seen at our 
center between 2004 and 2006.8 We 
found that 52% (35 of 67) of patients 
with presumed PSS had CMV antigen 
in the aqueous humor.

When we compared CMV-positive 
with CMV-negative eyes with presumed 
PSS, no distinguishing clinical features 
were observed. Both groups were similar 
with regard to mean age (37 and 41.5 years, 
respectively), male predominance (65% 
and 53%), mean highest IOP (50.2 and 
48.1 mm Hg), endothelial cell loss (630.5 
and 581.8 cells/mm2), percent of eyes with 
iris atrophy (43% and 34%), percent of eyes 
with cataract (23% and 6%; P = 0.09), and 
percent of eyes with glaucoma or nodular 
endothelial lesions (all about 25%). 

Although PSS is thought of as a 
benign, self-limited disease, this is not al-
ways so. On a rare occasion, PSS may lead 
to blindness via damage to the optic nerve. 
Proper identifi cation of the cause is criti-
cal to choosing the proper course of treat-
ment. Th e absence of clinical diff erentia-
tors underscores the need to tap the ante-
rior chamber to make an accurate diag-
nosis in any patient presenting with acute 
recurrent hypertensive anterior uveitis.

 
Chronic ocular CMV

Chronic anterior uveitis due to 
CMV is more rare than the acute form 
and has been shown to be more com-
mon among older (average age 65 years) 
males. Patients with chronic CMV ante-
rior uveitis may complain of slight visual 
blurring or discomfort—they may even 
believe their mild symptoms are due to 
early cataract formation. 

Several physical fi ndings are more 
characteristic of the chronic form and 
serve to diff erentiate it from the acute 
form: 2+ infl ammatory cells tend to be 
present on an ongoing basis; fi ne, dif-

fuse feathery keratic precipitates cover 
the cornea endothelium; and most eyes 
will have diff use iris atrophy (Figure 2). 
Elevated IOP is often present but is gen-
erally not as high as in the acute form. 
Corneal edema may be present due to 
CMV-induced loss of endothelial cells. 

Fhi
Studies from Germany, the Neth-

erlands, and Japan have linked FHI, an 
idiopathic form of chronic anterior uve-
itis, to Rubella virus by demonstrating 
signifi cant levels of ocular anti-Rubella 
antibodies in the anterior chamber.9-11

Our testing revealed a relationship 
between CMV-induced chronic ante-
rior uveitis and FHI that is somewhat 
parallel to that between CMV-induced 
acute anterior uveitis and PSS. When 
we looked at patients with a presumed 
diagnosis of FHI, 42% were positive for 
aqueous CMV antigen by PCR.8 Com-
pared with noninfected FHI patients, 
clinical indicators of CMV infection in-
cluded male sex (43% in noninfected eyes 
vs 80% in eyes with CMV; P = 0.001), 
older age (mean age 49.3 vs 65.3 years; P 
= 0.04), and the presence of nodular en-
dothelial lesions (10% vs 60%; P = 0.002).

Taken together, and for unknown 
reasons, it seems that the two viruses 
(CMV and Rubella) are capable of induc-
ing variable patterns of anterior ocular 
infl ammation in diff erent populations.

Antigen vs Antibody Detection
It is useful to understand the impli-

cations of the two diff erent methods of 
detecting CMV in the eye: detection of 
antigen (by PCR) vs detection of local 
antibody using the Goldmann-Witmer 
coeff icient (GWc). GWc compares 
the ocular antibody level to the serum 
antibody level and is deemed positive 
when the ratio is >3. A positive GWc 
is a strong indication of local antibody 
production, a process which may persist 
well after the cessation of viral prolifera-
tion in chronic uveitis cases.

Interestingly, studies in the Nether-
lands have revealed that a proportion of 
patients with anterior uveitis have posi-
tive GWc but negative PCR for CMV, 
especially late in the course of their 
disease.1 Th us, GWc may be the more 

sensitive method of CMV assessment 
in chronic anterior uveitis, particularly 
once the acute event has ended, and 
PCR may underestimate its incidence. 
In institutions where GWc is not avail-
able, PCR testing may be repeated if 
initially negative in patients suspected 
of having CMV-related disease. 

FiGURE 2 Patient with cytomegalovirus 
positive mild chronic anterior uveitis. Slit-lamp 
photograph showing nodular endothelial lesions. 
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Endotheliitis
The proportion of endotheliitis 

caused by CMV may be high in some 
populations. Case review and aqueous 
humor PCR analysis of 10 consecutive 
patients (12 eyes) with corneal endothe-
liitis presenting to Singapore National 
Eye Centre between 2002 and 2005 
revealed that 11 of the 12 eyes (92%) 
were positive for CMV.4

CMV endotheliitis may present as 
diff use or focal corneal edema, folds 
in Descemets membrane, and keratic 
precipitates arranged in lines or rings 
and similar in appearance to those as-
sociated with anterior uveitis (Figures 
3 and 4). All patients have reduced 
endothelial cell count and roughly 90% 
have elevated IOP. Endotheliitis may 
be observed with or without associated 
anterior uveitis, and the two represent a 
continuum of manifestations of CMV 
infection of the anterior eye. Typically 
associated with ocular pathogens such 
as HSV, VZV, immune ring formation 
on the cornea has recently been linked 
to CMV endotheliitis.12 

Corneal transplantation
Corneal CMV infection may also 

occur in patients who have undergone 
corneal transplantation and may closely 
mimic graft rejection. In a study at our 
center, PCR testing of transplant pa-
tients experiencing postoperative ante-
rior ocular infl ammation and suspected 
of being in the process of graft rejection 
found that over half were positive for 
the presence of CMV in the aqueous 
humor. Th e presence of multiple coin-
shaped lesions on both donor and host 
cornea are suggestive of CMV infection 
following penetrating keratoplasty.13,14 
In post Descemets membrane stripping 
automated endothelial keratoplasty 
(DSAEK) eyes, fi ne or small pigmented 
or non-pigmented keratic precipitates 
are seen in both the graft and host 
corneas and at the graft host junction.15 
Aqueous analysis is necessary to confi rm 
the diagnosis when CMV is suspected.

Patients who repeatedly “reject” 
their grafts may have undiagnosed 
ocular CMV infection that is uninten-
tionally exacerbated by the application 
of high dose steroids in order to “save” 

the graft. In general, corneal transplants 
have high rates of success compared with 
other forms of transplant in large part 
due to the eye being an immune privi-
leged site. However, immune “privilege” 
also makes the eye susceptible to persis-
tent and recurrent ocular viral infection 
that may be well controlled at other 
anatomical sites.

treatment of Anterior CMV 
infection

Prior to seeing the link between 
PSS and CMV, patients were treated 
with topical steroids that were often 
temporarily able to control the infl am-
mation. Now that we are aware of the 
viral etiology of many of these cases, 
treatment of CMV-positive cases has 
evolved to include ganciclovir and non-
steroidal antiinfl ammatory agents rather 
than steroids. 

Patients with anterior uveitis treated 
with intravitreal or systemic ganciclovir 
showed a 75% response rate but suff ered 
a 75% relapse rate within months of 
stopping therapy.16 Response to off -label 
use of ganciclovir gel 0.15% was more 
durable: two-thirds responded to initial 
treatment, with recurrence in 57% of 
those treated for acute anterior uveitis 
and 25% of those treated for the chronic 
form. Based on these fi ndings and on its 
relative safety and aff ordability, ganci-
clovir gel is the preferred treatment for 
CMV uveitis at our center. Ganciclovir 
gel is prescribed fi ve times daily until 
the virus has been eliminated from the 
anterior chamber, after which we lower 
the dose to 3 times daily and continue 
indefi nitely.

Among patients with CMV endo-
theliitis, treatment outcomes correlated 
with pre-treatment severity. Extensive 
corneal edema, optic neuropathy, older 
age, and receipt of a corneal graft were 
risk factors for persistent corneal edema 
following ganciclovir treatment.17

Conclusion
Comprehensive ophthalmologists, 

cornea specialists, and glaucoma spe-
cialists should be aware that CMV can 
cause an array of conditions in the ante-
rior chamber that in some instances lead 
to visual loss. Greater use of diagnostic 

anterior ocular paracentesis to obtain 
samples for PCR will better define 
populations at risk, aid in targeting an-
tiviral therapy, and prevent unwarranted 
use of steroids.

Chee Soon Phaik, MD, is the head and senior con-
sultant, ocular infl ammation & immunology subspe-
cialty service and cataract subspecialty service at the 
Singapore National Eye Centre. She is also an as-
sociate professor of ophthalmology at Duke-National 
University of Singapore Post Graduate Medical 
School and at the department of ophthalmology, Yong 
Loo Lin School of Medicine, National University of 
Singapore. She also heads the Ocular Infl ammation 
Research Group, Singapore Eye Research Institute. 
One of her main research interests is CMV uveitis. 
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 1. The Goldmann-Witmer 
coefficient provides 
information on:
A. Local antibody production
B. Endothelial cell count
C. Presence of CMV antigen
D. Change in 

keratoprecipitate 
pigmentation

 2. Which of the following 
conditions has NOT been 
associated with CMV in 
immunocompetent hosts?
A. Acute anterior uveitis
B. Superficial punctate 

keratitis
C. Chronic anterior uveitis
D. Endotheliitis

 3. CMV infection should be 
considered in the differential 
diagnosis for which of the 
following conditions?
A. Post-transplant corneal 

graft rejection
B. Acute anterior uveitis with 

markedly elevated IOP 
C. Fuchs heterochromic 

iridocyclitis
D. All of the above

 4. Polymicrobial infection is 
most likely to be found in:
A. Failed grafts
B. DSEK cases
C. DALK cases
D. Grafts from tissue cut at an 

eye bank

 5. Which of the following is 
NOT a sign of potential 
graft infection as outlined in 
the RSVP mnemonic?
 A. Redness
 B. Sensitivity to light
 C. Vomiting
 D. Pain

 6. Which of the following can 
lead to an infection in the 
immediate postoperative 
period?
A. A break in sterility during 

surgery
B. Contaminated donor tissue
C. Pre-existing infection in 

the host
D. All of the above

 7. Which of the following 
statements is true?
A. CMV infection is, by far, 

the most common cause of 
corneal graft rejection

B. CMV infection can mimic 
corneal graft rejection

C. Abnormal blood vessels 
entering the donor button 
are a sign of CMV 
infection

D. Both B and C are correct 

 8. Patients with CMV infection 
are more likely to:
A. Be female
B. Be under 40 years of age
C. Have nodular endothelial 

lesions
D. All of the above 

 9. Interstitial crystalline 
keratopathy (ICK) is most 
likely seen in:
 A. Toxic anterior segment 

syndrome (TASS)
 B. Corneal transplant patients 

on long-term topical 
steroids

 C. Corneal tissue dissected in 
the operating room

 D. Patients with failed grafts

 10. Which of the following is a 
reason why donor tissue cut 
at an eye bank might be less 
likely to harbor pathogens 
than tissue cut in the surgical 
suite?
A. Eye banks add antifungal 

agents to the tissue storage 
medium

B. Surgeons lack the 
specific skills of eye bank 
technicians

C. Eye bank tissue is placed in 
antibacterial solution after 
being cut

D. All of the above are true
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