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Clinical Features and Role of Viral Isolates from Stool Samples
of Intussuception in Children

Yong Wook Lee, Soo In Yang, Ji Myoung Kim* and Jae Young Kim

Departments of Pediatrics and *Laboratory Medicine, Chungnam National University School of Medicine, Daejeon, Korea

Purpose: To detect major acute gastroenteritis virus (rotavirus, norovirus, astrovirus, and enteric adenovirus) and
non-enteric type of adenovirus (AdV) in the stools of intussusception patients and to investigate the clinical role of
detected viruses.

Methods: From March 2012 to February 2013, major acute gastroenteritis virus and non-enteric type of AdV were
isolated from stool samples that collected from 44 patients treated for intussusception in Chungnam National
University Hospital. Patients were divided according to age and isolated virus.

Results: Virus was detected in 28 (63%) stool specimens. The virus detection rate was significantly lower in patients
aged under 12 months (p = 0.04). Twenty-two patients (78.6%) had non-enteric adenovirus, 4 (14.3%) had norovirus,
1 (3.6%) had sapovirus, and 1 (3.6%) had astrovirus. AdV subgroup C (AdV 1, 2, 5, and 6) comprised the majority
with 20 cases (90.9%). A monthly increment-and-decrement pattern of intussusception was similar to that of viral
detection in the stool samples. Enema reductions were successful in 39 patients and surgical manual reductions
were performed in 5 patients. Virus was detected in 24 patients (61.5%) of enema reduction group and 4 patients
(80.0%) of surgical manual reduction group. All of the detected viruses were non-enteric adenovirus subgroup C
(AdV 1, 5, and 6) in surgical reduction patients.

Conclusions: The virus detection rate was high in the stools of intussusception patients. The pattern of seasonal
intussusception occurrence rate was parallel with seasonal these viral detection rate in the stool samples. These
findings suggest that viral infection plays an important role in the development of intussusception and further research
is warranted. (Pediatr Gastroenterol Hepatol Nutr 2013; 16: 162~ 170)
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INTRODUCTION testinal obstruction in infants, with 80% of cases oc-
curring before 2 years [1]. Although the pathogenic
Intussusception is the most common cause of in- mechanism of intussusception without leading points
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has not yet been clarified, its major cause is suggested
to be swelling and lymph node hyperplasia of Peyer’s
patch in the ileum secondary to infection [2].

Swelling of the lymphoid tissue and lymph node
hyperplasia can occur from not only local reactions to
infection but also reactions to food antigenic protein
irritation, vaccination, systemic infection, etc. In
1998, infants who received the first rotavirus gastro-
enteritis vaccination, rhesus-human reassortant 4
vaccine (RRV-TV; Rotashield, Wyeth-Lederle Vacc-
ines; Wteth Laboratories Inc., Marietta, PA, USA),
developed intussusception within 2 weeks of vacci-
nation with a 20-30-fold higher incidence, leading to
the prohibition of such vaccination [3,4]. According
to Bines et al. [5], the incidence of intussusception is
higher in Vietnam and China than in Australia and
the United States, and is related to adenovirus (Adv)
infection. Recently, Okimoto et al. [6] reported that
non-enteric adenovirus is a risk factor for the devel-
opment of intussusception, and poliovirus, enter-
ovirus, parechovirus, norovirus, and rotavirus are
found in some stool specimens of affected patients.
These results suggest that viral infection plays a vital
role in the etiology of intussusception. We performed
this study to detect major acute gastroenteritis virus
and non-enteric type of AdV in the stool of in-
tussusception patients and to evaluate the clinical
role of detected viruses.

The aim of our study was to investigate the de-
tection rate of major primary gastroenteritis viruses
(rotavirus, norovirus, sapovirus, enteric adenovirus
type 40 and 41, and astrovirus) and non-enteric ad-
enoviruses and the clinical role and features asso-
ciated with these viruses isolated from stool speci-
mens of infants with intussusception.

MATERIALS AND METHODS

Patients

Forty four patients treated for intussusception at
the Department of Pediatrics and Adolescent of
Chungnam National University Hospital from March
2012 to February 2013 was enrolled. Diagnosis of in-
tussusception was based on medical history, physical

examination, and abdominal X-ray, ultrasonogra-
phy, and enema reduction findings. Our study proto-
col was authorized by the institutional review board
of Chungnam National University Hospital
(2012-06-017-002), and the guardians provided in-
formed consent for stool collection and identification
of viruses in the stool specimens. Patients with me-
chanical causes were excluded from the study.
According to the results of virus detection, patients
were divided into the non-enteric adenovirus group
and major acute gastroenteritis virus group, and the
cases in which no viruses were detected were catego-
rized as the no virus isolate group. The patient also
divided into subgroup by the age. The clinical fea-
tures and seasonal incidence were analyzed.

Assessment of viral pathogens
1. Blood testing, stool specimen collection, and viral

nucleic acid extraction

Complete blood cell count, serum electrolytes,
blood sugar, liver function, and C-reactive protein
levels were measured from blood samples. All blood
samples were collected before enema reduction. Two
stool specimens were collected during the hospital-
ization period from each patient: 1 was immediately
analyzed for 4 primary gastroenteritis viruses and
the other was kept at —60°C for subsequent non-en-
teric adenovirus isolation. During the weekend or
holidays, stool specimens were refrigerated at —4°C
as soon as stool collection. Viral nucleic acid ex-
traction from the stool specimens was performed us-
ing the following protocol: fecal samples were sus-
pended in phosphate-buffered saline (10% w/v) and
centrifuged at 13,000 rpm for 20 minutes. Viral nu-
cleic acids were isolated from the supernatant using
commercially available viral deoxyribonucleic acid
(DNA) and ribonucleic acid (RNA) extraction kits.

2. Detection of norovirus, astrovirus, sapovirus, en-
teric adenovirus, and rotavirus
Real-time reverse transcriptase polymerase chain
reaction (RT-PCR) was performed for detection of
rotavirus, astrovirus, sapovirus, and norovirus from
the extracted RNA. RT-PCR reaction was run at 45°C
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for 15 min, 95°C for 10 min, and then followed by 45
cycles 95°C for 30 sec and 55°C for 30 sec. Adenovirus
40 and 41 were extracted using a real-time PCR kit.

3. Detection of non-enteric adenovirus

Partial hexon gene was amplified from the ex-
tracted DNA by PCR using primes Adl: 5'-TTCCC
CATGGCICAYAACAC-3’, and Ad2: 5'-CCCTGGTAK
CCRATRTTGTA-3’, and then amplified DNA prod-
ucts were analyzed by gel electrophoresis to confirm
positive specimens and the adenovirus subtypes
were analyzed.

Statistical analysis

The IBM SPSS Statistics 20.0 (IBM Co., Armonk,
NY, USA) was used for statistical analysis. Virus de-
tection frequency according to age, clinical features
by age and by group, time from the onset of symp-
toms to enema reduction, and the response to enema
reduction treatment were tested using Fisher’s exact
test. Blood test results were analyzed using the
Kruskal-Wallis test. Values of p<0.05 were consid-
ered statistically significant.

RESULTS

Clinical characteristics of the patients

The average patient age was 28*+20 months
(range, 4-82 months), with 12 (27.3%) aged under
12 months, 12 (27.3%) between 12 and 24 months,
and 20 (45.4%) over 24 months. The male to female

ratiowas 2 : 1 (30 boys and 14 girls). The main symp-
toms were periodic abdominal pain or irritability
(95.5%), vomiting (25.5%), bloody stools (25.0%).
Nine patients (25.5%) had upper airway infection
symptoms (Table 1). Vomiting and bloody stools
were significantly higher in patients under 2 years of
age (66.7% and 41.6%, respectively) than those aged
over 2 years (p=0.002, 0.006, respectively) (Table 1).
Eight patients (18.2%) had past intussusception his-
tory, and 3 patients (6.8%) developed reoccurrence
within 24 hours of enema reduction. Of the 5 pa-
tients who underwent surgical manual reduction,
enema reduction was performed on 3 patients with-
in 24 hours, 1 patient within 48 hours, and 1 patient
within 72 hours after initial onset of symptoms.

Virus detection rate and clinical features by age

Virus was detected in 28 stool specimens (63.6%),
obtained from 4 patients (9.1%) aged under 12
months, 10 (22.7%) between 12 and 24 months, and
14 (31.8%) above 24 months (Fig. 1). The detection
rate according to age group was 4/12 (33.3%) in pa-
tients aged under 12 months, 10/12 (83.3%) in pa-
tients between 12 and 24 months, and 14/20 (70.0%)
in patients above 24 months. The virus detection rate
was significantly lower in patients aged under 12
months (p=0.04, Fig. 1). Regarding the clinical fea-
tures of each group based on the type of virus de-
tected in the stool specimen, abdominal pain oc-
curred in the non-enteric adenovirus group (22/22
patients, 100%), major acute gastroenteritis virus

Table 1. Clinical Manifestations of Patients with Intussusception by Age and Viral Isolates

Symptom Overall <2 years =2 years p-value I:ggr-lzlxlfglsc AGE virus I\iIsoolzltreiS p-value
=44 =24 =20 =6
(n=44)  (n=24)  (n=20) s I

Abdominal pain 42 (95.5) 23 (95.5) 19 (95.0) 1.000 22 (100) 4 (66.7) 16 (100) 0.016
(cyclic irritability)
Vomiting 20 (45.5) 16 (66.7) 4 (20.0) 0.002 10 (45.5) 4 (66.7) 6 (37.5) 0.491
Bloody stool 11 (25.0) 10 (41.6) 1 (5.0 0.006 6 (27.3) 0 (0) 5 (31.3) 0.445
Abdominal mass 2 (4.5) 2 (8.3) 0 (0) 0.490 1 (45) 0 (0) 1 (6.3) 1.000
Fever 4 (9.1) 3 (12.5) 1 (5.0 0.610 4 (183) 0 (0) 0 (0) 0.183
URI symptom 9 (20.0) 4 (16.7) 5 (25.0) 0.710 6 (27.3) 1 (16.7) 2 (12.5) 0.676

Values are presented as number (%). AGE virus: acute gastroenteritis virus including noro, spo, astro, enteric adeno, and rota virus,

URI: upper respiratory infection.

164 Vol. 16, No. 3, September 2013




Yong Wook Lee, et al : Viral Isolates from Stool of Childhood Intussusception

group (4/6 patients, 66.7%), and no virus isolate
group (16/16 patients, 100%). Abdominal pain was
significantly common in non-enteric adenovirus and
no virus isolate groups (p=0.016, Table 1). However,
there were not any significant intergroup differences
in vomiting, bloody stools, abdominal mass, fever,
upper respiratory system symptoms, and blood test
results (Tables 1 and 2).

Infectious pathogens

Of 44 total patients, non-enteric adenovirus was de-
tected in 22 patients (50%) and primary gastro-
enteritis virus was detected in 6 patients (13.6%), in-
cluding norovirus (n=4, 9.1%), co-infection of en-

127 Ml Non-enteric adenovirus isolated
@ AGE virus isolated
104 3 Noisolated

Patient (n)
(o)

<12 12-24 >24
Age (month)

Fig. 1. The number of patients with intussusception and viral
isolates by age. The number of cases show non-enteric adeno-
virus isolates (n=22), AGE virus isolates (n=6), and no virus
isolates (n=16). AGE virus: acute gastroenteritis virus including
noro, spo, astro, enteric adeno, and rota virus. p=0.041.

teric adenovirus and sapovirus (n=1, 2.3%), and as-
trovirus (n=1, 2.3%). Overall, non-enteric ad-
enovirus had the highest detection rate, norovirus
was the next, and rotavirus was not detected (Fig. 2).
For non-enteric adenovirus, subgroup C was detected
in 20 of 22 patients (90.9%): 7 patients (31.8%) with
adenovirus (AdV)-1 (C1), 3 patients (13.6%) with
AdV-2 (C2), 8 patients (36.4%) with AdV-5 (C5), 1
patient (4.5%) with AdV-6 (C6), 1 patient (4.5%)
with AdV-31 (A31), and 1 patient (4.5%) with AdV-3
(B3), with AdV-1 and 2 comprising the majority
(Table 3). For the cases of gastroenteritis virus, all
noroviruses were GII, and 3 of 4 patients (75%) were
older than 2 years of age. One patient with enteric ad-
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Fig. 2. Viruses detected from stool specimens of patients with
intussusception.

Table 2. Laboratory Findings according to the Isolation of Stool Viruses (n=44)

Test Non-enteric adenovirus isolated (n=22) AGE virus isolated (n=6) No virus isolated (n=16) p-value
WBC (/mms) 11,031+2,544 11,628+3,819 12,035+5,584 0.79
Na (mEq/L) 137.2+2.0 137.0+1.5 137.1+2.2 0.92
K (mEq/L) 42+04 4.16+0.2 42+04 0.72
Cl (mEq/L) 103.5%3.0 102.4+2.9 104.3+£2.4 0.56
ALP (IU/L) 217+x45 241x117 247+38 0.08
CRP (mg/dL) 0.90+0.9 0.3+0.2 0.5+0.4 0.21

Values are presented as mean=standard deviation. AGE virus: acute gastroenteritis virus including noro, spo, astro, enteric adeno,
and rotavirus, WBC: white blood cell, ALP: alkaline phosphatase, CRP: C-reactive protein.
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enovirus and sapovirus co-infection and other one
with astrovirus were younger than 2 years of age
(Table 3). Non-enteric adenovirus was detected in all
age groups, while gastroenteritis virus was not de-
tected in patients aged under 12 months (Fig. 1 and
2).

Monthly virus distribution

Intussusception cases occurred through winter to
early summer, and there was almost no incidence
during the fall. The patterns of monthly virus de-
tection rate and intussusception occurrence rate were
similar, i.e., the number of intussusception patients
increased in proportion with the viral detection rates
(Fig. 3). In addition, similar patterns were observed
between monthly non-enteric adenovirus detection
in stools and monthly adenovirus detection variation
in local respiratory specimens [7].

Detected virus and reduction type

Enema reduction and surgical manual reduction
were performed on 39 patients (88.6%) and 5 pa-
tients (11.4%), respectively. Viruses were detected in
24 patients (61.5%) who underwent enema reduc-
tion and 4 patients (80.0%) who underwent surgical
closed reduction (Table 4). Of the patients treated
with surgical manual reduction, non-enteric ad-
enovirus group C was detected in 4 patients (2 pa-

Table 3. viral Isolates in Patients with Intussusception

tients with AdV-1, 1 patient with AdV-5, and 1 pa-
tient with AdV-6), and no virus was detected in 1 pa-
tient (Table 4). There were no significant intergroup
differences in the frequency of enema reduction
within 24 hours after onset of symptoms and the
success rate of enema reduction (Table 4).

DISCUSSION

Our study is to investigate the detection rates of

10+ IH Non-enteric adenovirus isolated
[ AGE virus isolated

91 1 No isolated

84 — Intussusception patient
---- Virus isolated

Patient (n)

T
Mar Apr May Jun July Aug Sep Oct Nov Dec Jan Feb

Fig. 3. Monthly distribution of viruses isolated and incidence
of intussusception. AGE virus isolated included 1 astrovirus and
4 norovirus. Astrovirus was isolated in August. Calicivirus
(norovirus, sapovirus) and enteric adenovirus were isolated from
December to February. AGE virus: acute gastroenteritis virus
including noro, spo, astro, enteric adeno, and rota virus.

Virus Overall (n=44)

<2 years (n=24) =2 years (n=20)

Non-enteric adenovirus
CI (AdV-1)
C2 (AdV-2)
C5 (AdV-5)
C6 (AdV-6)
C (unclassified)
A31 (AdV-31)
B3 (AdV-3)
Enteric adenovirus (F41)*
Norovirus GII
Astrovirus
No isolated

N
— R o = = = = 00 W NI N

—
[oN

—
\S]
—
(e

3 4
2 1
4 4
1 0
1 0
1 0
0 1
0 1
1 3
1 0
10 6

Values are presented as number (%).

*Two pathogens (adenovirus F41 and sapovirus) were isolated.
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Table 4. Comparison of Variables in the Patients with Intussusceptions by Viral Isolates (n=44)

Variable Non-enteric adenovirus (n=22) AGE virus (n=6) No virus isolates (n=16) p-value

Age (month) 25+14 38+25 28+24 0.39
Interval between 0.29

<24 hours 18 4 15

>24 hours 4 2 1
Treatment 0.34

Ba reduction 18 6 15

Manual reduction 4 0 1

Values are presented as mean=standard deviation or number only. AGE virus: acute gastroenteritis virus including noro, spo, astro,

enteric adeno, and rotavirus.

major acute gastroenteritis virus (norovirus, sap-
ovirus, enteric adenovirus, astrovirus, and rotavirus)
and non-enteric adenovirus and to determine
whether differences exist in clinical features, blood
test findings, and enema reduction results according
to the type of virus detected in the stools of infants
with idiopathic intussusception. The viral detection
rate was 63.6%, with non-enteric adenovirus ac-
counted for 50% and primary gastroenteritis virus
comprising 13.6%, showing that the detection rate of
non-enteric adenovirus was significantly higher.
Norovirus comprised 2/3 of the primary gastro-
enteritis viruses detected. Among the three groups,
in terms of clinical features, there were intergroup
differences only in abdominal pain, with no differ-
ences revealed in other clinical features, blood test
and enema reduction results.

The virus detection rate was 78.9% in the study of
Okimoto et al. [6] which was higher than that in our
study. This difference may be explained by the fact
that this study limited detection target viruses to ad-
enovirus and major primary gastroenteritis viruses,
whereas Okimoto et al.’s study [6] recruited more
types of viruses including adenovirus, enterovirus,
calicivirus, and rotavirus. However, the detection
rates of adenovirus and non-enteric adenovirus were
50.7% and 46.5%, respectively, similar to the de-
tection rates in our study. Further, while the non-en-
teric adenovirus detection rate was high and the nor-
ovirus detection rate was low in patients aged over 2
years in Okimoto et al.’s study [6], the rate of
non-enteric adenovirus detection did not differ and

norovirus was detected more frequently in the same
age group in our study. In Okimoto et al.’s study [6],
AdV-1 (C1) and AdV-5 (C5) were dominant in the
subgroup of non-enteric adenovirus in patients aged
under 2 years, and AdV-3 (E3) and AdV-7 (E7) were
dominant in patients aged above 2 years; however,
this study revealed the dominance of AdV-1 (C1) and
AdV-5 (C5) infection regardless of age, hence yield-
ing different results. It is unclear from this study
whether this discrepancy is the result of regional or
seasonal differences due to different testing points.

The finding that viral pathogens were frequently
detected in the stools of infants with intussusception
implies that viruses play a vital role as an etiological
factor in idiopathic intussusception, for which the
cause remains unknown. Non-enteric adenovirus is
most frequently related with idiopathic intussu-
sception occurrence. Various other viruses have also
been detected, including human herpes virus 6, cyto-
megalovirus, enterovirus, rhinovirus, norovirus, as-
trovirus, rotavirus, and others [5,6,8,9]. Rotavirus
was detected in a few studies, but was not considered
as the risk factor for intussusception [10,11].
Rotavirus was not detected in our study as well,
which is consistent with the results of recent reports.

Regarding the pathophysiology of intussuscep-
tion, an accepted hypothesis is that Peyer’s patch
swelling and lymph node hypertrophy caused by a vi-
ral pathogen in the ileum act as lead points [2,8]. The
finding that concurrent adenovirus and human her-
pes virus 6 infection also increases the risk of in-
tussusception indicates that viruses play a pivotal
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pathogenic role [8]. Another suggested hypothesis
was that the reason for the increase of intussus-
ception occurrence within 2 weeks of Rotashield vac-
cination of infants under the age of 1 year is reactive
lymphoid hyperplasia of the ileum acting as the lead
point due to vaccination [3]. However, Peyer’s patch
swelling did not appear to act as an anatomical lead
point in a murine model [12]. Therefore, it is un-
certain whether an enlarged Peyer’s patch is the lead
point or the result of intussusception. Kaemmerer et
al. [13] suggested peristalsis disorders caused by in-
flammatory neuropathy triggered by adenovirus in-
fection as an additional pathophysiological mecha-
nism. Further research is necessary in this regard.
The cause of intussusception remains unclear, but
the fact that it is subject to considerable seasonal var-
iations, with an increased frequency in the winter
with an increased risk of respiratory infections and
in spring and summer with an increased risk of gas-
trointestinal viral infections, supports the assump-
tion that infection could be an important causal fac-
tor in this disease [14,15]. However, seasonal varia-
tions may also be present depending on the research
timeframe and region studied. During the timeframe
that our study was conducted, from March 2012 to
February 2013, most intussusception cases occurred
from winter to early summer. This trend showed a
pattern consistent with the frequency trend of virus
detected in stools of intussusception patients. In par-
ticular, nearly all intussusception cases occurred
during the highest occurrence periods of non-enteric
adenovirus infection, March to July and December to
February. These results could be evidence indirectly
supporting the assumption that viral infection may
be a crucial etiologic factor for intussusception
development. Additionally, virus was not detected in
36.4% of intussusception patients in this study, this
cannot be ruled out that the possibility of the in-
volvement of other viruses that were not selected as
detection targets. Interestingly, the seasonal ad-
enovirus detection rate of the stool specimens of in-
tussusception patients in this study showed a pat-
tern similar to the monthly adenovirus detection rate
in respiratory specimens in the same region, as re-
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vealed in the 2012-2013 respiratory virus occurrence
report of the Korea Centers for Disease Control and
Prevention [7].

While it is known that 80% of intussusception cas-
es occur in infants under the age of 2 years, 45.5% oc-
curred in children older than 24 months, yielding a
different most frequently known affected age. This
difference is assumed to be associated with the find-
ing that the virus detection frequency was higher in
patients aged above 24 months than that in patients
aged below 24 months. In this study, the frequencies
of vomiting and bloody stools in patients aged below
2 years were 45.5% and 25.0%, respectively. The high
vomiting rate is consistent with the report of Park et
al. [16], which showed that the vomiting frequency
was higher and inversely correlated with age.
However, the high occurrence rate of bloody stools
differed from the results of other studies in which
the rate decreased as the age decreased. This differ-
ence is due to the fact that glycerin enemas were per-
formed uniformly on all suspected intussusception
patients to collect the stool specimens in this study.
In the study of Okimoto et al. [6], the abdominal
pain frequency was high and the bloody stool fre-
quency was low among patients in which adenovirus
was detected. Abdominal pain was present in all ad-
enovirus detection cases in this study, and the bloody
stool frequency was lower than that of the no virus
group, albeit statistically insignificant. In contrast,
the frequency of abdominal pain in the primary gas-
troenteritis detection group was lower than that in
the other 2 groups. While it is difficult to identify the
reason for this difference, it is considered that the de-
gree of intestinal obstruction caused by the over-
lapping intestines and mesenteric invagination may
differ because of the different degree of Peyer’s patch
swelling in the ileum and surrounding mesentery as
well as lymph node hypertrophy induced by viral
infection.

The time from the onset of symptoms to the per-
formance of enema reduction and its success rate
were not correlated with the type of virus detected,
but the non-enteric adenovirus subgroup C (AdV-1
in 2 patients, AdV-5 in 1 patient, and AdV-6 in 1 pa-
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tient) was detected in the stools of 4 of 5 patients
who underwent surgical reduction. This finding may
be attributed to the higher detection rate in subgroup
C, but it remains unclear whether the success rate of
enema reduction in this subgroup was lower com-
pared to that of other viruses. The limitations of our
study are that it is a single center, uncontrolled trial
with a small sample size and a short 1-year research
period which may have affected the viral distribution
in the stool samples depending on the trend of ill-
ness, and that the included viruses are limited to ad-
enovirus and primary gastrointestinal virus.
Therefore, a multicenter trial with a larger sample
size and more target viruses is necessary.

In conclusion, the virus detection rate was high in
Korean children with intussusception, with non-en-
teric adenovirus subgroup C comprising the majority
of the cases investigated, followed by norovirus.
Among the clinical features, the abdominal pain fre-
quency differed depending on the virus detected, but
no differences were observed in other symptoms and
blood test results. Importantly, the seasonal trend in
the detection rate of non-enteric adenovirus and
norovirus coincided with the seasonal trend of in-
tussusception occurrence, which suggests that viral
infection plays a pivotal role as an etiological factor
for intussusception development. Future research is
warranted.
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