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Adenoviruses (Ads) are an important cause of respiratory illness, conjunctivitis, and gastroenteritis, but they
are seldom recognized as a potential cause of sexually transmitted disease. We performed virus cultures on
approximately 7,000 patients attending a sexually transmitted disease clinic or other health department clinics
for the evaluation of genital ulcers, urethritis, or conjunctivitis. Ads were isolated from genital or conjunctival
specimens obtained from 23 (0.33%) patients. Among the 20 Ad-positive men, 15 (75%) had urethritis, 12 (60%)
had conjunctivitis, and 10 (50%) had both. All three Ad-positive women had vaginal discharge and genital
ulcers or fissures. Ad isolates from 17 patients were available for serotyping. Ad type 37 was isolated from 14
patients, Ad type 8 was isolated from 2 patients, and Ad type 2 was isolated from 1 patient. In three of the Ad
type 37 cases, Ad was recovered from both urethral and conjunctival specimens. One of the Ad type 8 cases had
conjunctivitis, but the Ad type 2 case did not. Ads, particularly type 37, may be a sexually transmissible cause
of genital ulcers, urethritis, and conjunctivitis.

The 47 currently recognized adenovirus (Ad) serotypes are
divided into 6 subgroups (subgenera A to F) and are associated
with a wide variety of clinical illnesses (7–9). Ad types 3 and 7
(subgenus B) and types 1, 2, and 5 (subgenus C) frequently
cause respiratory illnesses in children; types 8, 19, and 37
(subgenus D) are commonly associated with epidemic kerato-
conjunctivitis (EKC); and types 40 and 41 (subgenus F) cause
gastroenteritis in infants and young children. Subgenus A and
E Ads and other Ad serotypes are less common causes of
human disease or are nonpathogenic.
Although Ads are not widely recognized as a cause of genital

infection, types 19 and 37 have been isolated from the genital
tracts of patients attending sexually transmitted disease (STD)
clinics in Australia (4, 5, 15, 16), The Netherlands (3, 17), Italy
(2), and Sweden (3). Less frequently, types 1, 2, 8, 9, 10, 22, 26,
and 32 have been isolated from urethral swabs (5), types 2 and
18 have been identified in endometrial tissues (14), and type 2
has been isolated from cervical swabs (3, 4). Genital Ad infec-
tions are associated with urethritis and penile ulcers in men
(2–5, 16) and cervicitis and labial ulcers in women (3, 4, 15–17).
Some patients with genital Ad infection also have conjunctivi-
tis caused by the same serotype (2–5, 15–17).
In this study, we describe genital and oculogenital Ad infec-

tion and associated clinical findings in a series of patients
attending an STD clinic in the United States.

MATERIALS AND METHODS

Patients. Patients attending the Seattle-King County Department of Public
Health STD Clinic at Harborview Medical Center or other health department
clinics who were cultured for herpes simplex virus (HSV) during the 4-year
period from October 1989 to September 1993 were included in the study. Ure-
thral or endocervical cultures for Neisseria gonorrhoeae and Chlamydia tracho-
matis were routinely performed on men and women, respectively. Syphilis serol-
ogy was also routinely performed on all patients. HSV cultures were carried out

for patients with undiagnosed genital ulcers and atypical or probable genital
herpes lesions and on some patients with urethritis or conjunctivitis. Patients
with at least two of the following were considered to have urethritis: a history of
urethral discharge or dysuria, the presence of urethral discharge on examination,
and a urethral Gram-stained smear showing five or more polymorphonuclear
leukocytes per high-power field (1,0003). A clinical diagnosis of conjunctivitis
was made if patients had conjunctival erythema and injection.
Collection of specimens. All specimens for virus culture were collected by

experienced nurse-practitioners and physician assistants. Although the area
around the collection site was not disinfected, genital specimens were carefully
obtained to minimize local contaminants from urine or stool which may contain
Ads. For urethral specimens, a Dacron swab on an aluminum shaft (Dacroswab,
Spectrum Laboratories, Houston, Tex.; or Pur-Wraps, Hardwood Products,
Guilford, Maine) was inserted approximately 1 cm, rotated, and removed. Gen-
ital lesion and conjunctival specimens were obtained by abrasion, as tolerated,
with a Dacron swab on an aluminum or plastic shaft.
Virus cultures. Genital or conjunctival swab specimens were placed in 2 ml of

viral transport medium containing Hanks’ balanced salt solution, 0.5% gelatin,
1,000 U of penicillin per ml, 1,000 mg of streptomycin per ml, and 2.5 mg of
amphotericin B per ml. Specimens were inoculated into two tubes of MRC-5
human embryonic lung fibroblasts (BioWhittaker, Walkersville, Md.) and one
tube of A549 human lung carcinoma cells (ViroMed, Minnetonka, Minn.) and
incubated at 368C in stationary racks. Tubes of MRC-5 cells were received
weekly and maintained in Eagle’s minimum essential medium with 2% fetal
bovine serum, 100 U of penicillin per ml, 100 mg of streptomycin per ml, and 0.25
mg of amphotericin B per ml. A549 cells were grown in-house each week in the
same medium except with 10% fetal bovine serum, and were maintained as
described above for MRC-5 cells. Inoculated cell cultures were examined daily
for cytopathic effect (CPE) for 1 to 2 weeks before being discarded.
Virus identification. Ad isolates were initially identified by immunofluores-

cence staining of cell smears prepared from cultures with typical Ad CPE using
a monoclonal antibody specific for Ad (Bartels Diagnostics, Issaquah, Wash.).
When available, Ad isolates were sent to the Respiratory and Enterovirus
Branch, Centers for Disease Control and Prevention, for confirmation by time-
resolved fluoroimmunoassay (TR-FIA) (10) and electron microscopy and also
subgrouping and serotyping by differential hemagglutination (HA), hemaggluti-
nation inhibition (HI), and serum neutralization (SN) assays (6, 7, 9, 11).

RESULTS

Patients with positive cultures. Ad was isolated from 23
(0.33%) patients out of approximately 7,000 who were cultured
for HSV during the study period (Table 1). HSV was recovered
from about 2,500 (36%) of these patients, none of whom had
concurrent Ad infection. Among the 20 culture-positive men,
Ad was isolated from the urethra in 10, the conjunctiva in 5,
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both the urethra and conjunctiva in 4, and the rectum in 1.
Among the women, Ad was isolated from the cervix in two and
the vulva in one. These 23 Ad-positive patients had a mean age
of 31.0 years (range, 17 to 52). Fourteen patients were white,
seven were black, one was Hispanic, and race was unknown for
one. Recent sexual activity was known for 21 patients, with a
mean of 2.0 (range, 1 to 6) sexual partners during the previous
2 months. Fifteen of these 21 patients had a new sex partner
during the previous 2 months. Sexual preference was known
for 22 patients, of whom 8 were homosexual men, 12 were
heterosexual men, and 2 were heterosexual women. Among
the 13 patients with known human immunodeficiency virus
(HIV) antibody status, 1 of 5 homosexual men was HIV anti-
body positive and all 8 heterosexual men and women were
negative.
Clinical findings.Of the 20 Ad-positive men, 15 had dysuria,

13 had urethral discharge, 6 had urethral erythema or tender-
ness, 6 had inguinal lymphadenopathy, and 12 had eye pain.
Fifteen (75%) of these 20 men were considered to have ure-
thritis, 12 (60%) had conjunctivitis, and 10 (50%) had both. Of
the five men without clinically defined urethritis, three had
dysuria or urethral erythema alone, one had proctitis, and one
had conjunctivitis. N. gonorrhoeae was also isolated from the
urethra of a man with urethritis and from the rectum of the
man with proctitis. Of the three Ad-positive women, all had
vaginal discharge and genital ulcers or fissures, one had mu-
copurulent cervicitis, one had pelvic inflammatory disease, and
one had yeast vaginitis. None of the Ad-positive women had
conjunctivitis. No other sexually transmitted etiological agents

were identified in these 23 patients. However, coinfection with
other STD agents cannot be ruled out as the cause of symp-
toms in these patients.
Ad serotypes involved. Typical Ad CPE appeared a median

of 6 (range, 3 to 13) days after inoculation for 20 isolates from
17 patients with detailed cell culture information available. Ad
CPE was usually observed earlier and progressed more rapidly
in A549 cells than in MRC-5 cells. Two isolates were only
recovered in A549 cells. Nineteen Ad isolates from 17 patients
were available for additional testing at the Centers for Disease
Control and Prevention. All 19 of these isolates were positive
for Ad antigen and negative for HSV antigen by TR-FIA.
Electron microscopy on selected isolates also confirmed the
presence of Ad and the absence of herpesvirus. The HA results
were typical of HA subgroup 2A for 18 isolates, including 16
Ad isolates identified as type 37 by HI and SN assays and 2
isolates identified as type 8. The remaining Ad isolate had an
HA pattern typical of HA subgroup 3A and was identified as
type 2 by HI and SN assays. In two patients, Ad isolates from
the urethra and eye were both identified as type 37. In a third
patient, an Ad isolate from the eye was identified as type 37 but
the Ad isolate from the urethra was not available for serotyp-
ing. Ad type 37 was isolated from 13 men and 1 woman, type
8 was recovered from 2 men, type 2 was isolated from 1
woman, and Ad isolates from 5 men and 1 woman were not
available for serotyping. The 14 cases of Ad type 37 infection
occurred sporadically during the study period with no obvious
seasonal pattern.

TABLE 1. Characteristics of STD clinic patients with genital or conjunctival adenovirus infection

Patient
no.

Age
(yr) Race Sex Sexual

preference

No. of sex
partners in the
past 2 mo

New sex
partner in the
past 2 mo

HIV
antibody
result

Diagnosis/symptoms Site(s) of virus
isolation

Adeno-
virus
serotype

1 30 White Male Homosexual 5 Yes NAa Urethritis, gonorrhea Urethra NA
2 43 White Male Heterosexual 1 No Negative Urethritis Urethra NA
3 52 White Male Homosexual 2 Yes NA Urethritis, conjunctivitis Urethra, eye NA
4 37 White Male Heterosexual 2 No NA Urethritis, conjunctivitis Urethra NA
5 28 Black Male Heterosexual 2 Yes NA Urethritis, conjunctivitis Urethra NA
6 27 White Female Heterosexual 1 No Negative Vaginal discharge, genital

ulcers, mucopurulent
cervicitis

Cervix NA

7 26 White Male Heterosexual 3 Yes NA Dysuria, genital warts Urethra 37
8 22 Black Male Heterosexual 1 Yes NA Urethritis, conjunctivitis Urethra, eye NA, 37

37
9 28 White Male Homosexual NA NA Positive Conjunctivitis Eye 37
10 28 Hispanic Male Heterosexual 1 No Negative Urethritis, genital ulcers Urethra 37
11 22 White Male Homosexual 6 Yes Negative Urethritis, conjunctivitis Eye 37
12 36 NA Male Heterosexual 3 Yes NA Urethritis, conjunctivitis Urethra 37
13 17 White Female Heterosexual 2 Yes Negative Vaginal discharge, cervi-

cal ulcers, pelvic in-
flammatory disease

Cervix 37

14 30 White Male Homosexual 1 Yes Negative Dysuria, genital warts,
conjunctivitis

Urethra, eye 37

15 27 White Female NA NA NA NA Vulvar lesion, yeast vagi-
nitis

Vulva 2

16 26 Black Male Homosexual 1 Yes Negative Urethritis, conjunctivitis Eye 8
17 30 Black Male Heterosexual 1 Yes Negative Urethral erythema Urethra 8
18 21 White Male Homosexual 3 Yes Negative Urethritis, genital warts Urethra 37
19 20 Black Male Heterosexual 2 No Negative Urethritis, genital ulcers,

conjunctivitis
Eye 37

20 42 White Male Heterosexual 2 Yes NA Urethritis, conjunctivitis Eye 37
21 45 Black Male Heterosexual 1 No Negative Urethritis Urethra 37
22 37 White Male Homosexual 2 Yes NA Proctitis, gonorrhea Rectum 37
23 38 Black Male Heterosexual 1 Yes Negative Urethritis, conjunctivitis Urethra, eye 37

a NA, not available.
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DISCUSSION

In this study, we found that Ads were occasionally isolated
from either the genital tract, the conjunctiva, or both sites in
patients attending an STD clinic who were cultured for HSV in
the evaluation of genital ulcers, urethritis, or conjunctivitis.
Among the 17 patients whose Ad isolates were serotyped, all
but 3 were infected with Ad type 37. Many of our male patients
who were culture positive for Ad had urethritis, which fre-
quently occurred together with conjunctivitis. These findings,
together with those reported previously from outside the
United States, suggest that Ad type 37 may be a significant
oculogenital pathogen in sexually active immunocompetent
adults.
Ad type 37 first appeared in 1976 and rapidly emerged as an

important cause of EKC (7, 12). Ad infection of the genital
tract was first observed in Australia in 1977 (4, 15), followed by
The Netherlands (3, 17), Italy (2), and Sweden (3). Many of the
Ads isolated in these studies were initially thought to be type
19, but most isolates were subsequently identified as type 37
(12, 16). In a more recent Australian study, Ads were isolated
from the urethras of 0.36% of 35,800 men attending an STD
clinic (5). Urethritis was present in 73% of 129 culture-positive
men compared to only 23% of 129 culture-negative controls
matched for age, sex, and date of specimen collection. These
findings are very similar to our results. We recovered Ads from
0.33% of genital or conjunctival specimens collected from STD
clinic patients. In addition, 75% of our 20 male patients with
positive cultures for Ad had urethritis. Our Ad isolation rate
probably would have been higher if we could have subpassaged
all our cultures, but time and expense precluded our doing this
on a routine basis. Unlike the Australian study in which only
14% of men with Ad-positive urethral cultures had conjuncti-
vitis (5), our study found that 60% of our Ad-positive male
patients had conjunctivitis. In addition to the single case of Ad
type 2 isolated from a vulvar lesion in this study, Ad2 has been
found in two cervical swabs in a Dutch study (3), in three
cervical swabs in an Australian study (4), in 14 endometrial
tissues in a Hungarian study (14), and in two urethral swabs
from Australian men (5). Thus, of the Ads, the role of type 2
in genital disease is second only to that of type 37.
Although Ad type 37 was the predominant genital pathogen

in our study and in those previously reported, other serotypes
have been found occasionally in the same tissue sites. Most of
the other types reported, Ads 1, 2, 9, 10, 18, 22, 26, and 32,
were recovered from clearly genital sites and were not associ-
ated with conjunctivitis in these patients (3–5, 14). Ad type 8,
however, was associated with oculogenital disease in one of
two cases in this study. As with type 37, the occurrence of
conjunctivitis in Ad type 8 cases would not be considered
unusual because both serotypes are known major agents of
EKC and follicular conjunctivitis (7).
What is so unusual about one of the Ad type 8 cases here is

that the virus was recovered from the urethra, as in three
previously reported Australian cases (5). Compared to the
other Ads causing conjunctivitis, which cause multisystem dis-
ease and are usually isolated from multiple sites, Ad type 8 has
only rarely been associated with respiratory or gastrointestinal
symptoms and has been recovered almost exclusively from the
eye. Type 8 was isolated from two sequential urine specimens
from a 26-year old male with pre-AIDS lymphadenopathy and
from throat, stool, and eye specimens from a 31-year old male
AIDS patient with pharyngitis, pneumonia, gastroenteritis, and
conjunctivitis (8). Ad type 8 was also recovered from throat
swabs from one army recruit with acute respiratory disease,
from throat and eye swabs from another recruit with acute

respiratory disease and EKC, and from throat swabs of 10 of 43
patients with EKC but without any respiratory symptoms (19).
Finally, in a worldwide survey based on World Health Orga-
nization compilations, Ad type 8 has been recovered, albeit
infrequently, from respiratory and gastrointestinal tracts of
children (0.18% of the virus associations reported) and of
adults (1.39% of the virus associations reported) (18).
Two observations regarding Ad genital isolates remain un-

explained. First, Ad type 37 and Ad type 8 have identical
predilections for ocular tissues but not for genital tissues. Sec-
ond, the serotypes associated with genital disease (types 2, 8,
19, and 37 and rarely others) have not been found in cases of
acute hemorrhagic cystitis in children, and conversely, the vi-
ruses causing cystitis (types 11, rarely 21, 34, and 35) do not
appear to cause genital lesions (7). Whether Ads 2, 8, 19, and
37 will prove to be important in neonatal Ad infections (such
as those caused by types 3, 7, 21, 30, and others) remains to be
seen. Neonatal Ad infections appear to result from respiratory
or generalized illness in the mother around the time of vaginal
delivery and are often fatal (1, 13, 20).
Ads, particularly type 37, may be a sexually transmissible

cause of genital ulcers, urethritis, and conjunctivitis. The over-
all prevalence of isolation of Ads from samples collected in our
STD clinic population was relatively low (0.33%), but all 23
Ad-infected patients had clinical manifestations of ocular or
genital disease. Further studies are indicated to elucidate the
association of sexual practices with Ad infection, to determine
prevalence in HIV-positive and HIV-negative patients, and to
determine the spectrum of clinical manifestations and natural
history of oculogenital Ad infection.
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