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SUMMARY
Background: Epidemic keratoconjunctivitis (EKC) is a 
highly contagious infection of the ocular surface. 316 
cases were diagnosed in Germany in the first 8 months of 
2010, corresponding to a 300% increase above the typical 
figures for recent years. This outbreak motivates us to 
present the current recommendations concerning EKC.

Methods: Selective literature review. 

Results: EKC is an adenoviral infection that typically starts 
with a unilateral foreign body sensation and then devel-
ops, within a few hours or days, into bilateral keratocon-
junctivitis with marked chemosis, epiphora, and photo -
phobia. Visual impairment can persist for months because 
of subepithelial corneal infiltrates (nummuli) and irregular 
astigmatism. Randomized clinical trials have not shown 
any clear benefit in the acute phase from any of a variety 
of treatments, including steroids, calcineurin inhibitors, 
 virostatic drugs and disinfecting agents. In the chronic 
phase, cyclosporin A eye drops can accelerate the regres-
sion of subepithelial infiltrates. Hygienic measures, includ-
ing conscientious hand and surface disinfection, can 
lessen the spread of the disease.

Conclusion: The first priority in the treatment of patients 
with definite or suspected EKC is the rigorous application 
of hygienic measures in medical facilities, particularly be-
cause there is still no effective drug treatment for this 
 disease. No virostatic agent has yet been demonstrated to 
influence its course, either subjectively or objectively. 
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E pidemic keratoconjunctivitis (EKC) is a highly 
contagious infectious disease that is notifiable in 

Germany and mainly involves the surface of the eye. It 
is caused by adenoviruses that are highly resistant to 
environmental influences and are transmitted from per-
son to person by way of infectious secretions, mainly  as 
tear fluid. In the Western world, transmission often 
 occurs in places where large numbers of people gather 
together, such as schools, homes for the elderly, and 
factories, as well as in health-care institutions such as 
hospitals and doctors’ offices (including ophthalmol-
ogists’ offices) (1). Epidemic outbreaks are common all 
over the world (1) and may necessitate the temporary 
closure of hospital wards and doctors’ offices. EKC oc-
curs around the world in all age groups and at all times 
of year (2). In Asia, however, keratoconjunctivitis is 
 endemic and mainly affects children (1).

Persons with EKC suffer for three to six weeks from 
an intense foreign body sensation, pain, reduced visual 
acuity, and often a general feeling of being unwell. 
EKC is sometimes followed by the development of cor-
neal opacities, called nummuli, which may persist for 
months (1, 3, 4).

Epidemiology
316 cases of EKC were reported across Germany in the 
first eight months of 2010, more than three times as 
many as had been reported over the same period in each 
of the preceding two years (2). The outbreak was most 
pronounced in the northern part of the country, with the 
highest incidences in the federal states of 
 Mecklenburg–West Pomerania (4.6 cases per 100 000 
inhabitants), Hamburg (2.37 per 100 000 inhabitants), 
and Saxony-Anhalt (1.39 per 100 000 inhabitants). The 
figures for these three states were well above the aver-
age German incidence figures for 2001–2004 (0.2 to 
0.8 cases per 100 000 inhabitants) (5). According to §7 
of the German Infectious Disease Protection Law (In-
fektionssschutzgesetz), the direct demonstration of ade-
noviruses in conjunctival swab material is notifiable; 
furthermore, §6 (3) of this Law requires that a cluster of 
nosocomial infections that seems likely to represent an 
epidemic outbreak must be reported as such, without 
naming the individual patients affected. The reported 
numbers, however, are probably no more than the tip of 
the iceberg, as only infections with demonstrated 

Klinik und Poliklinik für Augenheilkunde, Universitätsklinikum Hamburg-Eppen-
dorf: Dr. med. Meyer-Rüsenberg, Prof. Dr. med. Richard, Dr. med. Gesser

Institut für Medizinische Mikrobiologie, Virologie und Hygiene, Universitätsklini-
kum Hamburg-Eppendorf: Dr. med. Loderstädt, Prof. Dr. rer. nat. Kaulfers

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2011; 108(27): 475–80 475



M E D I C I N E

adeno virus in a conjunctival swab find their way into 
the registry of the Robert Koch Institute (Germany’s 
central authority for epidemic control, comparable to 
the Centers for Disease Control in the United States). 
The statistics take no account of EKC cases diagnosed 
on clinical grounds alone, which they often are, as the 
clinical appearance of the disease is quite character-
istic. (The German states of Thuringia and Saxony-
 Anhalt are exceptional in that the mere clinical suspi-
cion of EKC is notifiable in these states.) The real 
number of cases can only be guessed at but is probably 
far higher than the official statistics suggest.

EKC bears no relation to sex, ethnic origin, social 
status, or nutritional state (1), as the current data have 
demonstrated once again (2). EKC reportedly accounts 
for 6% to 60% of all cases of infectious conjunctivitis 
(6, 7); it has been found that 8% of patients coming to 
the emergency department of an eye clinic had EKC 
(8). EKC is thus the most common viral disease of the 
eye and causes major economic losses by keeping 
 patients away from work (3).

Adenoviruses
Epidemic keratoconjunctivitis is caused by adeno -
viruses. The family Adenoviridae comprises more than 
130 different serotypes and includes viruses that can in-
fect human beings, other mammals, birds, reptiles, and 
amphibians. This broad spectrum of hosts seems to 
imply that the adenoviruses are descended from a com-
mon precursor virus that existed 350 to 400 million 
years ago. The 54 types of adenovirus now known to be 
pathogenic in man are classified in seven groups, which 
are labeled A through G. 

Adenoviruses are double-stranded DNA viruses 
roughly 80 to 110 nm in size. They are surrounded by 
an icosahedral capsid bearing group- and type-specific 
antigens; they have no outer lipid bilayer. They are 
highly resistant to environmental influences and can 
survive contact with many of the usual commercially 
available types of disinfectant. They remain infectious 
for weeks when kept at room temperature (9) and thus 
have a high aptitude for causing nosocomial infections  
(10, 11).

Adenoviruses are found all over the world and are 
transmitted through droplets and smears of infected 
bodily fluids that enter the human body through the 
nose, throat, and conjunctiva. The viral incubation time 
is 2 to 12 days. The disease is probably contagious even 
before symptoms arise, and it certainly remains so as 
long as the virus can still be demonstrated in bodily 
fluids; this period (for tear fluid) usually lasts two to 
three weeks from the date of transmission of the virus.

The disease can be transmitted on the hands as well 
as on objects such as tissues and handkerchiefs, door-
knobs, etc. Nosocomial EKC contracted in eye clinics 
and doctors’ offices is usually due to contaminated in-
struments (e.g., tonometers) and eyedrops (12, 13).

Adenoviruses cause a wide variety of diseases—not 
just ocular infections, but also respiratory and gastroin-
testinal ones. Individual serotypes typically cause 

 specific types of disease; thus, EKC is usually due to 
serotypes 8, 19, and 37, follicular conjunctivits to sero-
types 3, 4 and 7, and pharyngeal-conjunctival fever to 
serotypes 3, 7, and (rarely) 14. Respiratory infections 
such as pneumonia, tonsillitis, and pharyngitis are 
caused by serotypes 1–5, 7, 14, and 21, while serotypes 
1, 2, 5, 31, 40 und 41 cause gastroenteritis. Serotypes 1, 
2, and 5 can produce sepsis-like manifestations, par-
ticularly in severely immunocompromised patients (9, 
13).

Clinical features
Typically, patients initially complain of an increasingly 
severe foreign body sensation in one eye, starting from 
the nasal corner of the eye and spreading laterally (1). 
This is followed by marked lid swelling, tearing 
 (epiphora), itching, photophobia, and blurred vision 
(Figure 1). Similar, but usually much milder, manifes-
tations commonly appear in the other eye in two to 
seven days. The severity of EKC ranges from subclini-
cal conjunctivitis to very severe disease with bacterial 
superinfection (Figure 2) and with marked systemic 
symptoms such as generalized weakness and pain in the 
limbs. The involvement of the second eye is often so 
mild as to go unnoticed (1, 3, 4). Pre-auricular 
 lymphadenopathy is also characteristic.

Split-lamp microscopy reveals conjunctival redness 
and swelling, sometimes with pseudomembrane 
formation. Swelling of the plica and caruncle is seen 
to a greater or lesser degree of severity in all patients 
and points to the diagnosis of EKC. Edematous lid 
swelling and the associated inflammatory ptosis are 
usually seen only in the primarily affected eye. The 
corneal component of the disease can arise from the 
fourth day onward but it can also be entirely lacking 
(1). If the cornea is affected, the first sign is usually 
the development of small epithelial punctatae that tend 
to enlarge and then remain visible, once the acute 
phase is over, as individual or confluent lesions called 
nummuli. These consist of immune complexes de-
posited beneath the epithelium in the anterior third of 
the corneal stroma. Large nummuli can substantially 
impair visual acuity (1, 3).

The acute phase heals in three to six weeks. 
 Nummuli can persist beyond this time, continuing to 
impair visual acuity (but only in the primarily affected 
eye, in most cases) by scattering light, causing irregular 
astigmatism, and giving rise to photophobia. Nummuli 
that impair visual acuity usually regress in few weeks 
but can persist for years in rare cases (1, 3, 4, 14). For 
some patients, the aftermath of EKC is marked by dry-
ness of the eyes that can persist for a long time and 
require treatment (3). 

Diagnostic evaluation
EKC can usually be diagnosed from its typical clinical 
features, which were described above; the differential 
diagnosis includes other types of conjunctivitis (Table 
1) as well as all other causes of “red eye” (uveitis, [epi-] 
scleritis, trauma, glaucoma, etc.).
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Laboratory confirmation of the diagnosis can help 
physicians initiate suitable hygienic measures rapidly 
and determine the epidemiological significance of the 
infection. The available tests are antigen detection, 
 nucleic acid detection, electron microscopy, and cell 
culture tests. The latter two techniques can only be per-
formed in special laboratories. Commercially available 
rapid tests for the detection of the adenovirus antigen 
are less sensitive and less specific than tests for nucleic 
acid detection, yet they are useful because they can be 
performed easily and rapidly in clinical practice. One 
test of this type, sold by the Rapid Pathogen Screening 
company of Sarasota, Florida, and approved by the 
United States Food and Drug Administration (FDA), 
has been found in various studies to have a sensitivity 
of 9% to 88% and a specificity of 91% to 100% (15). In 
summary, nucleic acid detection with the aid of nucleic 
acid amplification techniques, such as the polymerase 
chain reaction (PCR), is the diagnostic test of choice 
for EKC because of its high sensitivity, high specificity, 
and rapidity (7, 9).

Treatment
There is no currently available causally directed treat-
ment that is effective against EKC (Table 2). Steroids 
are frequently given in the acute phase, yet clinical 
trials have shown that these have no more than a weak 
beneficial effect on the disease manifestations while 
markedly prolonging the duration of illness, increasing 
the likelihood of recurrence, and giving rise to steroid-
associated side effects (16, 17). Virustatic agents such 
as trifluridine, vidarabine, and ganciclovir have been 
found to be only mildly effective or entirely ineffective 
against adenoviral diseases, whether in vitro, in vivo in 
animal models, or in human clinical trials (18–21). 
Ganciclovir lowered the adenoviral burden to a statisti-
cally insignificant extent in an animal model (22) and 
thus might potentially lower the risk of keratitis, or of 
the spread of disease to the other eye. In Germany, gan-
ciclovir is available as a gel for ophthalmic use (ap-
proved for the treatment of herpetic keratitis).

In a clinical trial published in 2001, Hillenkamp et 
al. (23) tested the causally directed treatment of EKC 
with the broad-spectrum virustatic agend cidofovir, 
which had already yielded promising results in a 

McEwen/New Zealand rabbit model (24) and in a 
single case report concerning one patient (25). In this 
trial, the administration of cidofovir 1% eyedrops with 
or without cyclosporine A eyedrops was found to lower 
the frequency of severe corneal opacification in com-
parison to the control group, but there was no overall 
benefit on the course of the illness. The substance had 
major side effects, including a local toxic effect on the 
conjunctiva and the neighboring lid tissue and the de-
velopment of pseudomembranes and lacrimal duct ste-
noses, which had already been observed in the animal 
model (24). A lower, less toxic dose (0.2%) was clini-
cally ineffective (e1). 

Another once-promising therapeutic approach was 
the topical administration of interferon. Although initial 
case reports were positive (e2), human interferon was 
found to be ineffective in randomized clinical trials (20, 
e3–e5). A study by Rossa and Sundmacher nevertheless 
showed that interferon eyedrops might prevent infec-
tion in exposed persons (e6). 

On the other hand, non-causally-directed treatment 
with the antimicrobial product povidone-iodine was 

Figure 1: A man with an acute EKC infection. Massive chemosis with swelling of the lid and 
caruncle, as well as epiphora

Figure 2:  
A man with severe 
conjunctival infec-
tion and bilateral 
corneal infiltration 
by a bacterial 
superinfection with 
endotheliitis and 
anterior uveitis.  
a) right eye 
 b) left eye

a b
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found to eliminate adenoviruses very effectively in vitro 
(e7); in an animal model, a combination of povidone-
 iodine and dexamethasone markedly lowered the viral 
concentration and improved the manifestations of the dis-
ease (e8). Similar findings were obtained in a small-scale 
clinical trial (20): the local application of povidone-iod-
ine in eyedrop or gel form was well tolerated and led to a 
slightly shorter duration of illness and to a somewhat 
lower frequency of nummuli. Thus, despite the absence 
of controlled studies, povidone-iodine seems to be a 
 potential, albeit non-specific, treatment option (e9).

Yet another type of treatment that has been tested is 
the local administration of N-chlorotaurine (NCT), a 
broad-spectrum endogenous antimicrobial substance ob-
tained from the supernatant of stimulated granulocytes 
(e10). After successful in vitro testing (e11), this sub-
tance was evaluated in a small-scale, double-blind, 
phase II clinical trial in Austria (e12). A 1% dose was 
well tolerated, but statistically significant improvement 
(both subjective and objective) was seen only in the sub-
group of patients with severe disease. The substance did 
not prevent nummuli from arising. 

Beyond the treatment of the acute manifestations of 
EKC, the treatment of persistent nummuli remains a 
major problem. Histologically, these lesions seem to 
consist of lymphocytes, histiocytes, and antigen-
 presenting Langerhans cells (e13, e14). Local treat-
ment with steroid eyedrops nearly always succeeds in 
the short term, but often leads to recurrence once it is 
stopped and to steroid dependence with prolonged 
virus persistence, in addition to the usual steroid com-
plications, such as intraocular hypertension and cata-
ract formation (4, 16, e15). Better results were ob-
tained with the use of calcineurin inhibitors such as 
local cyclosporine A to treat nummuli. In two case 
series with long-term follow-up, symptoms and vision 
improved (by about two lines) in two-thirds of the pa-
tients treated (14, e16). Neither of these two series, 
however, had a control arm to determine the sponta-
neous course of nummuli without treatment. Nummuli 

can also be surgically removed with an excimer laser; 
this has been shown to improve visual acuity, yet it is 
fraught with the considerable disadvantage of a surgi-
cal procedure, the danger of reactivating the nummuli, 
and the risk of a hyperopic refractive change (e17, 
e18). Excimer treatment is mainly reserved for chroni-
cally scarred nummuli that respond inadequately, or 
not at all, to three to six months of immunosuppressive 
treatment.

In summary, there is still no effective, causally 
 directed treatment for EKC. The treatment remains 
purely symptomatic, with artificial tear drops and (in 
some cases) antibiotics to prevent or treat superinfec-
tion (e10). Disinfection with povidone-iodine, or 
 administration of ganciclovir, to reduce the viral load is 
not an adequate treatment. Chronic subepithelial infil-
trates that do not resolve spontaneously over time can 
be treated locally with cyclosporine A eyedrops; late 
 fibrosis can be treated with an excimer laser. Steroids 
are now considered an obsolete form of treatment, 
 except when the disease is combined with uveitis, or 
when it has led to marked pseudomembrane formation 
(4, 20).

Hygienic measures in clinical practice
As there is neither an effective treatment for EKC nor a 
vaccine against it, hygienic measures are of paramount 
importance in preventing the spread of infection. 

Hands and contaminated objects are the main trans-
mitters of adenoviruses; thus, rigorous disinfection of 
hands and surfaces is the most important preventive 
measure. As mentioned above, adenoviruses are resis-
tant to many types of disinfectant, and therefore only 
so-called virucidal disinfectants should be used. In oph-
thalmological practice, the use of disposable tonometer 
heads and single-patient (disposable) eyedrop dis-
pensers is recommended. Hospitalized patients with 
EKC should be isolated, and outpatients with EKC 
should be treated separately from other patients at the 
end of the day. Ophthalmologists should always wear 

TABLE 1

The differential diagnosis of EKC: other types of conjunctivitis

Diagnosis

Bacterial conjunctivitis

Allergic conjunctivitis

Toxic conjunctivitis

Other types of viral conjunctivi-
tis (e.g., due to herpes virus)

Symptoms 
(compared to EKC)

Less severe foreign body 
 sensation

Itching (!), tearing, foreign body 
sensation

Irritation, burning, foreign body 
sensation

Similar

Physical findings
(compared to EKC)

Usually unilateral, mucopuru-
lent secretion, less chemosis

Papillary conjunctival edema 
ranging to so-called cobble-
stones

Diffuse conjunctival hyperemia 
or pallor, follicular changes

Conjunctival hyperemia, follicu-
lar swelling, usually unilateral

Helpful aids to 
differential diagnosis

Conjunctival swab

History (often, known allergy)

History (e.g., chronic use of 
 vasoconstrictive eyedrops)

Lids (Molluscum contagiosum 
lesions?)
History (immune status)

478 Deutsches Ärzteblatt International | Dtsch Arztebl Int 2011; 108(27): 475–80



M E D I C I N E

gloves when examining patients and should disinfect 
the hands, instruments, and surfaces thereafter (e9).

Medical personnel who have EKC are considered in-
fectious and should not be allowed to work during the 
symptomatic phase (10, 13). Patients in the acute phase 
of the illness should be extensively informed about 
what they can expect to happen in the coming days and 
weeks, so that they will be less likely to return for 
 follow-up before the acute phase is over. This will help 
prevent the spread of infection to other patients visiting 
the ophthalmologist’s practice.

Overview
Half a century after the discovery by Jawetz that 
adeno viruses are the cause of EKC (e19), this disease 

remains an unsolved medical and hygienic problem. 
The high degree of resistance of adenovirus particles 
to environmental influences should lead us to expect 
further outbreaks of EKC in the future. Hygienic 
measures must be rigorously established in doctors’ 
 offices and hospitals; meanwhile, the search must also 
continue for an effective virustatic agent that can treat 
the cause of this disease to help the affected patients 
and prevent the spread of infection to those around them.
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KEY MESSAGES 

● Epidemic keratoconjunctivitis is a highly contagious 
 infectious disease that mainly involves the surface of 
the eye. 

● In 2010, 316 cases of EKC were reported in Germany; 
this was three times more than in previous years.

● There is no effective, causally directed treatment.
● Hygienic measures in doctors’ offices and hospitals are 

of paramount importance.
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