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SINCE THEY WERE FIRST RECOGNIZED
by Wallace P. Rowe and colleagues in 1953,1 
seven species and 54 serotypes of adenovirus 
have been identified.2-4 They are known to 
cause upper and lower respiratory tract infec-
tions, several varieties of viral conjunctivitis 
(including keratoconjunctivitis), as well as gas-
troenteritis and hemorrhagic cysts, though 
only certain serotypes are associated with 
each. With regard to ocular infections, adeno-
viruses present a serious public health risk and 
are responsible for 65 to 90 percent5,6 of viral 
conjunctivitis and 15 to 70 percent of all cases 
of infectious conjunctivitis worldwide,5 with a 
majority of outbreaks occurring in Southeast 
Asia. Unlike many bacterial pathogens, such 
as Staphylococcus aureus and Staphylococcus 
epidermidis, which are often part of the nor-
mal ocular flora,6 the presence of adenovirus 
by culture is indicative of active infection.7,8 

There are no known cures for adenoviral 
infections and therapeutic options are limited 
to alleviating symptoms and allowing the virus 
to subside naturally. Unfortunately, during this 
period, which can last up to two weeks, the 
patient remains infectious and capable of trans-
mitting the disease to others. In this article, 
we’ll discuss the serotypes related to ocular 
manifestations of viral infection and the conse-
quences of adenoviral outbreaks, as well as the 
future of prevention and treatment.

Ocular Manifestations
Adenoviruses are non-enveloped, double-

stranded-DNA viruses with icosahedral cap-
sids.9 Of the seven species (A to G), species A 
has been associated with the gastrointestinal 
tract,10 while species B and C are more com-
mon to the respiratory tract,10 though con-
junctivitis outbreaks have been associated 

with adenovirus type 3 (species B). Species D 
overwhelmingly causes conjunctivitis,5,10,11 and 
species E is found in respiratory and ocular 
infections, but more commonly in conjunctivi-
tis.10 Finally, species F, and the more recently 
discovered species G, are the agents of gastro-
enteritis.10 

Distinguishing between adenoviral and bac-
terial conjunctivitis can be achieved via labora-
tory assay or through differential diagnosis of 
signs and symptoms. Acute adenoviral conjunc-
tivitis is more common in individuals over 12 
years old, while bacterial acute conjunctivitis is 
more common in children under 12.12 A burn-
ing sensation, an enlarged and painful preau-
ricular lymph node, corneal involvement and 
a watery discharge are typically more promi-
nent in adenoviral cases than in bacterial cases 
of acute conjunctivitis, which are typified by 
mucopurulent discharge. 

It’s important to examine the patient for both 
the presence of preauricular lymphadenopa-
thy and a follicular reaction. Approximately 
one-third to one-half of adenovirus cases have 
a preauricular node and associated follicles 
because both are a part of the same lympho-
genesis in which the body is responding to a 
novel antigenic stimulant. Thus, it’s essential 
to feel the preauricular node and pull down 
the lid to look for follicular bumps.  However, 
these may not be detectable during the first 
few days of infection and are nonspecific for 
adenoviral disease.

Adenoviral ocular infections are classified 
into four distinct syndromes: pharyngoconjunc-
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tival fever (PCF); epidemic kerato-
conjunctivitis (EKC); acute nonspe-
cific follicular conjunctivitis (NCF) 
and chronic keratoconjunctivitis. PCF 
is most commonly found in children 
and is usually caused by adenovirus 
serotype 3, but has also been associ-
ated with types 1, 4, 5, 6, 7 and 14. 
Following an incubation period of five 
to 12 days, a patient with PCF will 
usually present with a fever lasting 
for about 10 days. The infection typi-
cally occurs bilaterally and is usually 
accompanied by a sore throat, slight 
burning, irritation and mild photopho-
bia. Lid swelling may also occur in the 
first few days of infection and, about a 
week after symptom onset, punctate 
keratitis may develop, followed by cor-
neal infiltrates. Although PCF infec-
tion typically self-resolves within a few 
weeks, the disease is highly communi-
cable.13

EKC is the most serious form of 
ocular adenoviral infection and is usu-
ally associated with types 8 and 19. It 
has also been reported with adenivi-
rus types 2 to 4, 7 to 11, 14, 16 and 
29. EKC can be transmitted via close 
personal contact as well as during 
non-sterile eye examinations with con-
taminated ophthalmic instruments.14 
Close-quarter environments, such as 
hospitals, doctors’ offices, industrial 
areas and swimming pools are prime 
environments for the spread of the 
disease.13 After an eight-day incuba-
tion period, tears and saliva are con-
tagious for about two weeks; conjunc-
tivitis almost always resolves in two to 
three weeks.13

EKC is most common during 
the fall and winter and, in contrast 
to PCF, presents unilaterally in two-
thirds of cases and doesn’t cause fever 
or sore throat. Keratitis occurs in ap -
proximately 80 percent of patients 
with associated discomfort, photopho-
bia, tearing and mild blepharospasm. 
Following redness and keratitis, up 

to 20 uniform, subepithelial corne-
al infiltrates (the hallmark of EKC) 
develop on day 11 and are most preva-
lent during the third and fourth weeks 
of infection. Approximately 30 to 50 
percent of patients with EKC will 
de velop these infiltrates, which may 
contribute to persistent visual loss and 
light sensitivity and necessitate long-
term steroid therapy. The infiltrates 
are a product of the immune response 
to the keratitis and are smaller, more 
numerous, denser, produce greater 
photophobia and last longer (up to a 
year) than PCF infiltrates. In addition, 
EKC may lead to persistent dry eye or 
conjunctival scarring.1

Acute nonspecific follicular con-
junctivitis may be caused by many of 
the viral serotypes that induce PCF 
or EKC, but it doesn’t involve the 
cornea and the resulting conjunctivi-
tis is typically mild. Nonspecific fol-
licular conjunctivitis usually resolves 
itself within a week to 10 days but 
can serve as a reservoir of infectious 
adenovirus which may lead to a wide-
spread epidemic.13

The fourth and by far the rarest 
form of ocular adenoviral infection 
is chronic keratoconjunctivitis. It’s 
characterized by intermittent periods 
of tearing, redness and photophobia, 
which can last for up to 18 months. 
Patients will almost always have had a 
recent episode of acute conjunctivitis 
several months preceding onset.13

Transmission and Outbreak
Adenoviruses are robust, resilient 

to standard disinfection and can easily 
be transmitted in settings with a high 
population density or a heavy flow 
of people. They are spread through 
droplets from the respiratory tract and 
eye, or through such secretions on 
an intermediate vehicle (e.g., a con-
taminated medical device or unclean 
surface) through a process known as 
viral shedding.15 Viral shedding refers 
to the method by which a virus pres-
ent on the body is exuded out to the 
environment or onto another body 
part. Once adenoviruses successfully 
replicate within a host cell and have 
exhausted all host-cell resources in 
making their progeny, the virus induc-
es cell lysis and begins its search for 
new, viable hosts. This can mean 
infection of other tissues as well as 
shedding onto environmental surfaces. 

Environmental contamination with 
adenovirus is a common source of 
infection, and eye clinics are espe-
cially fertile grounds for outbreaks. 
For instance, one Canadian clinic 
experienced a significant EKC out-
break in 1995 before infection control 
measures were fully adopted. In this 
case, implementation of seemingly 
simple measures such as hand wash-
ing, instrument cleaning with buffered 
bleach solution, triaging suspected 
cases to separate waiting areas and the 
use of gloves halted the outbreak.16

Unapparent ocular infections dur-
ing an epidemic may also contaminate 
surfaces and infect others through 
asymptomatic shedding.17 In a recent 
Japanese study, investigators per-
formed a single conjunctival swab of 
17 asymptomatic ophthalmology ward 
inpatients and an asymptomatic oph-
thalmologist to test for the presence 
of adenovirus after one inpatient was 
diagnosed with serotype 37 adeno-
viral conjunctivitis. Despite the lack 
of symptoms, which continued from 

Epidemic keratoconjunctivitis can be 

transmitted through close contact 

and non-sterile eye examinations.
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the time of hospitalization until eye 
surgery three weeks later, adenovirus  
antigen was detected in one patient 
and adenovirus DNA was present in 
eight others. These results suggest 
that mild or unapparent infection is 
possible during outbreaks and may 
play a role in transmission. In this 
case, the possible routes of transmis-
sion were narrowed down to the room 
and instruments used for eye exams 
and operations, which were common 
among all 10 infected persons, but the 
exact route remained undetermined.17 
The study also uncovered no evidence 
of adenovirus DNA with PCR analysis 
in 30 asymptomatic control cases not 
hospitalized during the outbreak, rein-
forcing the belief that Ad is not part of 
the normal conjunctival flora.17 This 
finding is consistent with a previous 
study in which all 102 controls tested 
negative (using cell culture with direct 
immunofluorescence) for the pres-
ence of adenovirus in normal flora.7

Contact lens wearers with adenovi-
ral infections should dispose of their 
lenses once their illness has resolved, 
as studies have found both serotypes 
8 and 19 can survive both heat and 
hydrogen peroxide sterilization sys-
tems. Contaminated lenses may serve 
as a reservoir for the spread of infec-
tion to others and the virus can survive 
both chemical and hydrogen peroxide 
sterilization systems.18

Detection
There are several techniques for 

the detection of adenovirus, either in 
the laboratory or at the point of care. 
Cell culture with confirmatory immu-
nofluorescence assay (CC-IFA) allows 
for visualization of adenovirus proteins 
or antibodies through binding to fluo-
rescent dye. For the test to be posi-
tive, the viral particles must be capa-
ble of entering a cell, replicating and 
producing infectious prodigy virions. 
The visualization method is indirect, 

where a secondary antibody labeled 
with fluorochrome is used to recog-
nize a primary antibody. CC-IFA is 
also used in detecting herpes and 
influenza (including H1N1) viruses. 
A positive CC-IFA cell culture shows 
that a patient is harboring live virus 
and is infective. As a result, the assay 
has historically been considered the 
gold standard of adenovirus detection.

PCR replicates viral genetic mate-
rial, detecting not only live virus but 
also incomplete or dead viral mate-
rial. This method is therefore a better 
measure of the total quantity of virus 
present in a given sample, with a low 
amount of amplified adenoviral DNA 
suggesting an inactive or resolved 
infection. Aside from CC-IFA and 
PCR, laboratory antigen tests, immu-
nochromatography and enzyme im -
munoassays may also be used. 

The first point-of-care test 
approved by the U.S. Food and 
Drug Administration is the rapid 
pathogen screening Adeno Detector 
(Rapid Pathogen Screening, South 
Williamsport, Wis.), a 10-minute, in-
office, lateral-flow immunoassay. The 
RPS Adeno Detector has an 88- to 
89-percent sensitivity and a 91 to 94 
percent specificity in detecting ade-
noviral conjunctivitis when evaluated 
with confirmatory viral cell culture 
with CC-IFA and PCR as a refer-
ence.19 The RPS Adeno Detector may 
be especially useful at the time of an 
outbreak as rapid diagnosis leads to 
faster quarantine of the virus. This 
technology is similar to a pregnancy 
test or rapid strep test in that, within 
10 minutes, a result is obtained.

To perform the test, a sterile strip 
is used to collect tears from the pal-
pebral conjunctiva (with or without 
the use of a local anesthetic) and is 
then dipped into the buffer solution. 
Antigens bind to monoclonal antibod-
ies on the test strip and subsequently 
leave a one-line (negative) or two-line 

(positive) mark. The test can detect all 
known adenovirus serotypes.12 

Treatment and other Considerations
Since viruses incorporate them-

selves within host cells and use host 
cell machinery for replication, they 
are notoriously hard to treat without 
unwanted toxic effects. Adenoviruses 
are no exception as there are currently 
no available treatments for these dis-
eases, although most infections typi-
cally resolve themselves. In severe 
cases, anti-inflammatory and anti-
immune therapies are desirable for 
reducing irritation, visual disturbanc-
es, photophobia, pain, lid swelling, 
chemosis and psuedomembranes and 
for preventing the formation of sub-
epithelial immune corneal infiltrates.20 
A topical steroid can be prescribed to 
relieve symptoms, though the use of 
steroids for the treatment of adenovi-
ral conjunctivitis remains controver-
sial. Steroids mask the symptoms of 
the disease without having an effect 
on the underlying virus, and there is 
evidence that steroids may prolong 
the contagion period by promoting 
replication and prolonging shedding.20

Novel treatment avenues have been 
pursued but none has been approved, 
such as the development of an oph-
thalmic formulation of the antiviral 
cidofovir, which was unfortunately 
halted during human clinical trials 
due to ocular toxicity. Likewise, an 
adenoviral vaccine was developed and 
used by the U.S. military from 1971 to 
1999, but production of the vaccine by 
its sole manufacturer ceased when it 
failed to reach an agreement with the 
Department of Defense.21  

A povidone-iodine 0.4% and dexa-
methasone 0.1% ophthalmic sus-
pension (Foresight Biotherapeutics) 
is currently in development for the 
treatment of adenoviral conjunctivitis. 
Povidone-iodine (PVP-I), which works 
by iodination of lipids and oxidation 
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of cytoplasmic and membrane com-
pounds, may provide antimicrobial 
activity with no known risk of micro-
bial resistance. In a study of an animal 
model of adenoviral conjunctivitis pre-
sented by Louisiana State University’s 
James Hill, PhD, at the International 
Symposium on Ocular Pharmacology 
and Therapeutics in 2009, rabbits 
receiving PVP-I/dexamethasone not 
only had fewer clinical signs of the 
disease but also had significantly lower 
viral counts. The decrease of viral 
titers was similar to those of cidoflo-
vir 5%. However, tobramycin 0.3%/
dexamethasone 0.1% prolonged viral 
shedding, similar to what others have 
seen with the use of dexamethasone 
in rabbits. These results suggest that, 
besides alleviating symptoms, the 
PVP-I/dexamethasone product may 
also reduce viral shedding, thus reduc-
ing communicability and diminishing 
the public health risk.  

In a 2009 pilot study by Jesse 
Pelletier and colleagues at the Ocean 
Ophthalmology Group in North 
Miami Beach, Fla., that used positive 
results from the RPS Adeno Detector 
along with PCR and CC–IFA as inclu-
sion criteria, PVP-I/dexamethasone 
showed efficacy in reducing both the 
inflammatory and infectious compo-
nents of the disease.22 Clinical reso-
lution was achieved by day three or 
four in eight of nine study eyes and 
elimination of infectivity (measured 
by CC-IFA) was accomplished by day 
four or five in five of six eyes with in -
fectious adenovirus at enrollment.22 

Phase II trials have begun for a 
novel compound called NVC-422 
(Aganocide, NovaBay/Alcon) for 
the treatment of viral conjunctivi-
tis. The drug is composed of propri-
etary analogs to the N-chlorinated 
molecules used by white blood 
cells to destroy viruses and bacte-
ria.23 Additionally, a drug known as 
EkcCide (Nanoviricides) is currently 

in preclinical development and has 
shown efficacy in eliminating EKC 
symptoms in rabbits infected with 
adenovirus 5. EkcCide is part of a new 
class of drugs specifically designed to 
attack enveloped virus particles and 
dismantle them.24  

Ocular adenoviral infections repre-
sent a serious public health risk due to 
their rapid spread (especially in the 
case of EKC) and propensity for 
severe symptoms. The disease is most 
easily missed or confused with other 
conditions at the earliest stages when 
the physician may contaminate him-
self and spread the disease to others, 
so a high level of vigilance and 
hygiene is essential. There is currently 
no FDA-approved medicine for ade-
noviral conjunctivitis, though we hope 
that new therapeutics currently being 
researched will meet this need. In the 
meantime, proper identification of 
adenoviral infections will allow the 
ophthalmologist to manage the dis-
ease and to advise the patient to avoid 
situations where he or she could infect 
others.  RO
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thalmic pharmaceuticals. Mr. Shapiro 
is director of anti-infectives and 
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Andover.
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