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Abstract- Adenoviruses are one of the most important etiological agents of serious gastroenteritis
among infants and young children. Fecal specimens from patients with an acute gastroenteritis were
evaluated for the presence of adenovirus (Ad40, 41) from April 2002 to February 2004. During the
study, 1052 samples were collected from children under the age of 5 years in six educational and
therapeutic pediatric centers. The specimens were tested for adenovirus (Ad40, 41) by EIA technique in
the Virology Department of Pasteur Institute of Iran. Adenoviruses (Ad40, 41) were detected from
27(2.6%) samples, but were not detected in 150 samples of healthy control group. In this study the
highest rate of adenovirus was found in children aged 6 to 12 months (40.7%), but the male to female
ratio inpatients was approximately equal. Adenovirus (Ad40, 41) infections peaked in the winter as
48.1% was detected from December to March. There were a statistically significant difference between
age and infection (P < 0.001), also between season with adenovirus (Ad40, 41) infection (P = 0.005).
Breast-feeding had a protective action against adenovirus (Ad40, 41) infection. This study revealed that
enteric adenovirus (Ad40, 41) is an etiological agent of acute gastroenteritis among children in Tehran.
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INTRODUCTION

Adenoviruses are one of the most important
etiological agents of serious gastroenteritis among
infants and young children less than five years (1-3).
Subgroup F enteric adenoviruses (EAds) apparently
are second only to the rotavirus a viral cause of acute
gastroenteritis in infants and young children (2, 4).
Antibodies to these viruses EAds (Ad40, Ad41) have
been detected in approximately 50% of children less
than five years of age in Asia, Africa, Europe, and
South America with similar seropositive proportions in
the different populations and are spread predominantly
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by the fecal-oral route (3, 4). EAds have been
associated with protracted diarrhea which may
contribute to infant dehydration and malnutrition in
developing countries (4, 5). Usually after an
incubation period of 8 to 10 days, periodic diarrhea
occurs, with light fever, vomiting, abdominal pains
and dehydration (3, 6). They exist in all parts of the
world, and are present in year- round, but are most
prevalent in spring or early summer and again in
midwinter in temperate climates (3-5). The purpose
of this cross-sectional descriptive study was to assess
the rate of EAds (Ad40, Ad41) infection among
children less than five years of age with acute
gastroenteritis at pediatric centers in Tehran.

In the present study, we described the develop-
ment of a monoclonal antibody specifically reacting
with EAds (Ad40, Ad41) in stool suspensions by
EIA technique. The sensitivity of the developed test
was 98% as previously described in comparison with
direct electron microscopy (EM) (4, 7).
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MATERIALS AND METHODS

An epidemiological study on acute gastroenteritis
enteric adenoviruses (Ad40, 41) was carried out in
children less than 5 years of age in Tehran from
April 2002 to February 2004.

Fecal specimens were collected from 1052
children under 5 years of age (including 49% male
and 51% female) suffering from acute
gastroenteritis, who were either inpatients and out
patients at six educational and therapeutic pediatrics
from Tehran University of Medical Sciences and
Shahid Beheshtee of Medical Sciences in Tehran.
Clinical data on each patient was collected using
questionnaires including sex, age, season, clinical
manifestations and clinical diagnosis. The patients
had symptoms of fever, vomiting, dehydration,
abdominal pain and watery diarrhoea. A total 150
nondiarrhoea healthy children of the same age group
were studied as control at day-care centers in
Tehran. We obtained informed consent from parents
of all participants.

Stool samples were obtained with in 24 hours of
admission and were frozen and stored (-70°c) until
processing in Virology Deptment of Pasteur Institute
of Iran.

Specimens and enzyme immunoassay for
EAds

Enzyme immunoassay (EIA) of the stool
specimen was performed in all patients.
Approximately 0.1 g of solid feces or approximately
100 ul of liquid feces was suspended in 1ml of
phosphate- buffered saline (PBS) (pH 7.2) in a
suitable container. This 10% fecal suspension was
tested for antigens of EAds using a commercial
enzyme-immunoassay  (EIA-adenovirus ~ Ad40,
Ad41) (DAKo- DeNmark) was used and absorbance
of test.

One hundred microliters of fecal suspension was
added to the microwells, and coated with a
monoclonal antibody against the group specific
antigen for all human adenoviruses.

This was followed by adding 100 pl of enzyme
conjugate containing antiadenovirus type 40(Ad40)
and 41(Ad41) monoclonal antibodies to each
microwell, and incubation at room temperature for
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60 min. After a total of five washes with deionized
water, 100 pl of both substrate A (urea peroxidase)
and substrate B (tetramethyl benzidine) were added
followed by incubation at room temperature for 10
min. Reactivity was
spectrophotometry at 450 nm after adding a stopping
solution (IN sulfuric acid). An absorbance equal to

determined by

or greater than 0.15 unit was considered positive (8,
9).

Results of this study were analyzed by Chi square
test.

RESULTS

The frequency detection of adenoviruses (Ad40,
Ad41) in fecal specimens among children less than
five years of age with acute diarrhea is shown in
Table 1. A total of 27 (2.6%) episodes of acute
gastroenteritis were associated with adenoviruses
(Ad40, Ad41) antigen detection. The samples of
healthy control were not positive.

The highest incidence of diarrhea caused by
adenovirus (Ad40, Ad41) was in children between 6
to 12 months of age (11 cases or 40.7%). There was
a significant difference between the rate of infection
in children under 24 months of age with older
children (P < 0.001).

Adenoviruses (Ad40, Ad41) diarrhoea in males
under five years of age to females ratio in patients of
the same age was approximately equal.

Table 1. Detection by EIA of adenovirus (Ad40, Ad41) in the
stools of children with acute gastro enteritis in Tehran by age

group*{

Agegroup  Total Adenovirus Positive
(months) samples positive samples rate (%)
6 < 176 0 0
6-12 184 11 40.7
12-24 335 9 334
24-36 138 3 11.1
36-48 105 2 7.4
48-60 114 2 7.4
Total 1052 27 2.6

Abbreviation: EIA, enzyme immunoassay.
* Data are given as number.
1P <0.001.



From the questionnaire data, it was estimated that
adenovirus (Ad40, Ad41) gastroenteritis cases in
outpatients and inpatients stool at 14.2% and 23.9%,
respectively, and there was a significant increase of
infection in hospitalized children (P < 0.001).

A possible relationship between the occurrence
of adenoviruses (Ad40, Ad41) infection and seasons
was investigated (Table 2). The rates of adenovirus
(Ad40, Ad41) infection were 33.4% in spring (April-
June), 14.8% in summer, 3.7% in autumn and 48.1%
in winter (December-March), with a significant
difference between infection rates in the winter and
other seasons (P = 0.005).

The adenovirus (Ad40, Ad41) related episodes of
diarrhea in children according to clinical features
and type of feeding are shown in Table3. In infants
up to nine months of age who were breast-fed there
was an infection rate of 19.2%, significantly lower
than that in the bottle- fed growth (47.8%) (P =
0.004). The study of clinical manifestations in
adenovirus (Ad40, Ad41) gastroenteritis cases
showed that most children with infection had fever
(87.7%), vomiting (86.9%), abdominal pain (86.4%)
and dehydration (88 %).

Table 2. Seasonal (months) distribution of adenovirus (Ad40,
Ad41) isolated and isolation rates in children in Tehran from
April 2002 to February 2004*

Month Samples No isolates (%)
Jan 118 5(18.5)
Feb 108 4 (14.8)
Mar 94 2(7.4)
Apr 114 4 (14.8)
May 102 3(11.1)
Jun 87 2(7.4)
Jul 97 2(7.4)
Aug 109 1(3.7)
Sep 72 1(3.7)
Oct 64 0 (0)
Nov 35 1(3.7)
Dec 52 2(7.4)
Total 1052 27 (2.6)
* P =0.005.

Abbreviations: Jan, January; Feb, February; Mar, March; Apr, April;
Jun, June; Aug, August; Sep, September; Oct, October; Nov,
November; Dec, December.
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Table 3. Clinical symptoms of children with adenovirus
(Ad40, Ad41) diarrhea*

Episode of diarrhea

Symptoms No. of Patients No. Rate (%0)
Fever 24 21 87.7
Vomiting 23 20 86.9
Abdominal pain 22 19 86.4
Dehydration 26 22 88
Breast-fed 26 5 19.2
Bottle-fed 23 11 47.8
*P = 0.004

DISCUSSION

Adenoviruses type (Ad 40, Ad41) are one of the
most common etiological agents of acute
gastroenteritis among infants and young children
less than two years of age in both industrialized and
developing countries in most parts of the world (10,
11). Adenoviruses (Ad40, Ad41) have been detected
in 5 to 15% of patients with diarrhea, and rate of
detection was dependent on the level of economic
status or geographical region of the study area (10,
12).

In this study, laboratory diagnosis was attempted
by using EIA technique for antigen detection.
Adenovirus (Ad40, Ad41) infection was found in
2.6% of children with diarrhea, but was not found in
the control group. There are similar studies by others
from different parts of the world (13). As
documented by other studies, most of the cases of
adenovirus (Ad40, Ad41) diarrhea occur in children
less than two years of age (14, 15). In our study the
highest incidence of adenovirus (Ad 40, Ad41)
occurred in children aged 6 to 12 months (P <
0.001), a distribution similar to that reported by
others (15). In most parts of the world, the
adenovirus (Ad40, Ad41) is present throughout the
year, also during the period of the present study
infection occurred throughout the year, but our data
indicated that the outbreaks of adenovirus (Ad40,
Ad41) infection were in the winter and spring
(December to June), so more than 81.5% occurred in
these seasons. These results are in accordance with
the finding of others (16, 17). During this study,
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fever, vomiting abdominal pains, watery diarrhea
and dehydration were the most common specific
signs and symptoms in children with adenovirus
(Ad40, Ad41) infection, therefore, the clinical
features of these patients are similar to those
previously described (18, 19). The frequency of the
adenoviruses (Ad40, Ad41) among breast- fed and
bottle- fed in Tehran was 19.2% and 47.8%
respectively for infants up to nine months of age.
These results may indicate that breast- fed infants
besides acquiring a passive immunity from the
mothers, may also acquire resistance to infection
with adenovirus (Ad40, Ad41) as is implied here by
the low frequency of breast-fed infants among
patients.
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