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Abstract: Background: Although some cases of intussusception in older children are associated with
pathological changes such as lymphoma or polyps, the cause of most cases in infants is unknown.
Objective: Several reports have identified an association between adenovirus infection and
intussusception in children. However, much of the evidence is indirect, such as stool samples or
throat swab data. Our study analyzed intestinal tissue, which may be more direct evidence of the
relationship between adenovirus infection and intussusception. Methods: We retrospectively
reviewed children <6 years of age with intussusception who underwent surgery for failed reduction.
The pathological tissue was processed into formalin-fixed paraffin-embedded (FFPE) sections.
Adenovirus immunohistochemistry (IHC) and polymerase chain reaction (PCR) testing were
performed to obtain direct evidence of the relationship between adenovirus infection and
intussusception. Results: Our study included 29 patients, 27 appendiceal and 8 intestinal tissues. Only
8 appendix specimens were successfully processed into FFPE tissue. IHC testing was positive in 3
cases (37.5%) and PCR testing was positive for adenovirus type C in 4 cases (50%). The control group
consisted of 8 children < 6 years who underwent incidental appendectomies, and all control subjects
had negative IHC and PCR analyses. Compared with the control group, the P value of IHC was >0.05,
with no statistical difference, while the P value of PCR was <0.05, with statistical difference.
Conclusions: We directly confirmed the relationship between adenovirus infection and
intussusception through IHC analysis and PCR detection of pathological evidence. PCR is more
sensitive than IHC for diagnosing adenovirus in intussusception.
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1. Introduction

Intussusception is the most common cause of bowel obstruction in children aged three months
to six years. It is a life-threatening condition that occurs when part of the intestine folds like a
telescope, with one part slipping into another. This can cause a blockage that prevents digested food
from passing through the intestines. If left untreated, it can lead to severe damage to the intestines,
intestinal infections, internal bleeding, and even peritonitis [1,2].

Although some cases of intussusception in older children are associated with pathological
changes such as lymphoma or polyps, the cause of most cases in infants is unknown. However, many
previous studies have observed that intussusception is related to lymphoid tissue hyperplasia, which
may be caused by infections such as adenovirus [3]. Our study, which analyzed intestinal tissue from
patients who experienced intussusception, may provide more direct evidence of the relationship
between adenovirus infection and intussusception.

2. Materials and Methods

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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2.1. Study Participants

We conducted a retrospective analysis of the pathological tissues of children under 6 years old
with intussusception who were admitted to Taipei Cathay Hospital from December 1998 to
September 2020 due to failed manual reduction. A total of 35 pathological specimens were recorded
in the surgical reports. There were 27 appendix tissues and 8 intestinal tissues in the pathological
specimens. Due to the long storage time of most specimens, only 8 appendix specimens were
successfully processed into formalin-fixed paraffin-embedded (FFPE) tissue. Adenovirus
immunohistochemistry (IHC) analysis and polymerase chain reaction (PCR) detection were
performed on these specimens. The control group consisted of 8 children under 6 years of age who
underwent incidental appendectomies without intussusception or appendicitis. This study analyzed
the positive rate of adenovirus in intussusception from pathological tissues using IHC and PCR. The
pathological tissues were processed into FFPE: 4 pm sections for IHC and 10 pm sections for PCR.

2.2. Immunohistochemical Analysis

Serial 4 pm paraffin sections were deparaffinized using EZ Prep (Ventana Medical Systems, Inc.,
Tucson, AZ, USA). Slides were incubated with anti-adenovirus (Bio SB, Santa Barbara, CA, USA) at
a 1:50 titration for 32 min using the automated Ventana Benchmark XT (Ventana Medical Systems,
Inc.). Markers were detected using the Optiview DAB detection kit (Ventana Medical Systems, Inc.)
according to the manufacturer’s protocol [4]. All sections were counterstained with hematoxylin
using Ventana reagent. Immunohistochemically stained slides were reviewed and analyzed by a
pathologist for correlation with histological interpretation.

Deparaffinized FFPE sections (4 pm) were incubated with the diluted anti-adenovirus antibody
(1:50) (Bio SB). Labeling was detected using the OptiView DAB detection kit (Ventana Medical
Systems, Inc.) according to our previous report [4,5]. All sections were counterstained with
hematoxylin using Ventana reagent. Immunohistochemically stained slides were reviewed and
analyzed by a pathologist to determine the correlation with histological interpretation.

2.3. Nested PCR for Adenovirus Species C Hexon DNA

After sequence comparison, six subgenus-specific primer pairs HsgA1/HsgA2, HsgB1/HsgB2,
HsgC1/HsgC2, HsgD1/HsgD2, HsgE1/HsgE2, and HsgF1/HsgF2 were evaluated, and nested PCR
was performed. The subgenus-specific primer pairs used in this study were prepared from formalin-
fixed paraffin-packed DNA using the GeneRead DNA FFPE kit (Qiagen, Hilden, Germany) according
to the manufacturer’s protocol, as reported by Pring-Akerblom et al [6]. DNA was extracted from 4
um thick sections of buried tissue samples.

To amplify viral DNA obtained from FFPE samples, we used a 10 pL reaction mixture containing
2 puL of viral DNA, 0.5 uM of each primer, 1 uL of AmpliTaq Gold® 360 Buffer, 2.0 uM of MgClz, and
each dNTP AmpliTaq Gold® 360 DNA Polymerase prepared at a concentration of 200 uM and 0.25
units. Thermal cycling was performed for a total of 50 cycles. One cycle consisted of denaturation at
95 °C for 60 s, annealing at 40 °C for 60 s, and primer extension at 72 °C for 60 s. In the first cycle, the
denaturation step lasted for 600 s at 95 °C; in the last cycle, the extension step lasted for 420 s at 72
°C. Two microliters of the PCR product from the subgenus-specific primer pair was used as a
template for the second step of a nested PCR run using the same subgenus-specific primer pair. This
PCR amplification was performed following the same protocol as the first reaction. Ten microliters
of the final reaction product was analyzed on an ethidium bromide-stained 2% agarose gel.

2.4. Statistical Analysis

Adenovirus IHC testing using anti-adenoviral antibodies identified 3 positive cases (37.5%) and
PCR testing identified adenovirus type C in 4 cases (50%), compared with 8 non-intussusception
controls using chi-square test. All statistical analyses were performed using IBM SPSS Statistics for
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Windows (version 22.0; IBM Corp.). P < 0.05 was considered to indicate a statistically significant
difference.

3. Results

Our study directly demonstrates the relationship between adenovirus infection and
intussusception using retrospective pathological evidence in children. Histopathological
examination showed inflammation extending into the serosa in some cases.

Adenovirus immunohistochemical staining was observed in the cytoplasm and nuclei of
epithelial cells and monocytes in some patients (Figures 1-3).

Figure 1. An immunohistochemical assay using anti-adenovirus antibody shows epithelial cell staining with

viral inclusions suggestive of adenovirus in the cytoplasm (original magnification x200).
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Figure 2. An immunohistochemical assay using antiadenovirus antibody indicates staining was noted in cells

with dendritic processes in follicles below the lamina propria (original magnification x200).

Figure 3. An immunohistochemical assay using antiadenovirus antibody demonstrates abundant adenoviral

antigens in epithelial cells. (original magnification x200).

Among the 8 specimens, 3 were positive for adenovirus by IHC (37.5%), and 4 were positive by
PCR (50%). None of the control subjects was positive in IHC (Figure 4) and PCR analyses. We
combined IHC and PCR results and showed that the adenovirus detected in this study is serotype C
(Figure 5). Our pathological evidence directly confirms the relationship between adenovirus infection
and intussusception. IHC and PCR analyses confirmed evidence of adenovirus infection in patients
with intussusception. Compared with the control group, the P-value for IHC was greater than 0.05,
showing no statistical difference, while the P-value for PCR was less than 0.05, showing a statistical
difference (Tables 1 and 2). For diagnosing adenovirus in intussusception, PCR is as useful and
reliable as IHC and is more sensitive.

Table 1. IHC was positive in cases 1, 2, and 3, PCR was positive in cases 1, 2.3, and 4, and both IHC and PCR

were negative in the control group.

case number Positive IHC Positive PCR Control group
analysis analysis IHC and PCR

+ + _

+ + _

+ + ;

- + n
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Table 2. Compared with the control group, the P value of IHC was greater than 0.05, with no statistical

difference, while the P value of PCR was less than 0.05, with statistical difference.

IHC
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Case Control 0.2
Positive 3 0
Negative 5 8
PCR
P
Case Control 0.047
Positive 4 0
Negative 4 8

Figure 4. An immunohistochemical assay using anti-adenovirus antibody reveals that a patient in the control

group has negative results (original magnification x40).

Subgenus
Sample [IHC A 5 c D £ =
— 300 bp
case 1 + — 200 bp
- 300 bp
case 2 + — 200 bp
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Figure 5. 1.Multiplex PCR amplification of DNA extracted from different patient samples. Cases 1, 2, 3, and 4
were infected with adenoviruses subgenus of 200-300 bp in length, with repeated showing a strong presence of

type C adenovirus. 2. IHC analysis was positive in cases 1,2 and 3.

4. Discussion

Human adenoviruses are the most common pathogens isolated from cases of pediatric
intussusception. However, the specific clinical characteristics of pediatric intussusception associated
with adenovirus infection are unclear.

Adenoviruses are important human pathogens associated with a wide range of clinical
disorders. Fifty-one recognized human adenovirus serotypes are classified into 6 types (A-F) based
on common organisms, morphological and genetic characteristics, and serotype composition. A
given species also tends to be associated with a specific disease syndrome. For example, serotypes 40
and 41 of type F are most commonly associated with acute gastroenteritis in children and adults. By
contrast, serotype species C (1, 2, 5, and 6) are most commonly associated with respiratory diseases
and conjunctivitis in young children. Research conducted in the United States shows that adenovirus
C causes less than 15% of intussusception cases [2,7].

Adenoviruses are an important cause of respiratory infections in infants and young children and
are associated with a large proportion of intussusception cases.

Intussusception is a common cause of bowel obstruction in children younger than 3 years old.
Although the incidence of intussusception varies among countries and years, a retrospective study
based on data from 1995 to 1964 and 1999 to 2001 found that the incidence of intussusception in
Taiwan is approximately 0.35-0.77 per 1,000 live births, and the highest incidence is between 12 and
24 months of age [8,9]. Most cases of intussusception in children remain idiopathic, and many
previous studies have discussed possible causes of intussusception in children. Once a child is
infected with adenovirus, swollen lymph nodes and abnormal gastrointestinal motility may develop,
leading to intussusception. The most common sites are usually in the small intestine and terminal
ileum [10].

Since the 1960s, there has been an increasing number of studies on adenovirus infection and
intussusception. In 1969, Clarke Jr EJ et al. described adenovirus infection in Taiwanese children with
intussusception [11].

They observed that intussusception in infancy is often associated with adenovirus infection,
which tends to support the hypothesis that early intestinal spread of adenovirus in Taipei causes
intussusception. In 1992, Bhisitkul DM et al. discovered adenovirus infection and intussusception in
children [12]. In 2003, Guana J et al. discovered intussusception associated with adenovirus infection
in Mexican children. Using IHC analysis, they found that adenovirus antigen was present in
epithelial cells in tissue specimens from 4 of 12 Mexican children (33%) who underwent surgical
resection for intussusception. In addition, species C (non-enteric) adenovirus was the most dominant
type [13]. In 2010, Chen SC et al. studied the epidemiology of childhood intussusception and
determinants of recurrence and operation: analysis of national health insurance data between 1998
and 2007 in Taiwan [14]. They observed that the family Adenoviridae has been considered the
predominant viral pathogen involved in intussusception in recent decades. In 2011, Okimoto S et al.
reported an association of viral isolates from stool samples with intussusception in children [15]. In
2016, Ukrapol N et al. noted adenovirus infection as a potential risk for intussusception in pediatric
patients. They pointed out that molecular analysis of adenovirus genomes showed that the
adenoviruses detected in patients with intussusception were all type C adenoviruses [16]. In 2017,
Jang ] et al. discovered an epidemiological correlation between fecal adenovirus subgroups and
pediatric intussusception in South Korea [17]. In 2023, Tseng WY et al. noted that adenovirus infection
is a risk factor for recurrent intussusception in pediatric patients [18]. Most of the abovementioned
studies have demonstrated an association between adenovirus infection and intussusception in
children. However, much of the evidence is indirect, such as throat swab data or stool samples. Our
study analyzed intestinal tissue, which may provide more direct evidence of the relationship between
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adenovirus infection and intussusception. A team at our hospital demonstrated this relationship by
analyzing the annual incidence of these two diseases from January 2008 to June 2011, showing
similarities in the peak months of both diseases [19]. Another study demonstrated the co-occurrence
of intussusception and adenovirus infection in identical twins [20].

Histopathological characteristics observed in routine H&E staining studies cannot be used to
differentiate adenoviral infection from other causes of appendicitis, but H&E staining is often used
to predict treatment response, diagnose cancer, and determine the likely outcome of the disease [21].
Our study revealed approximately the same proportion of stained cells. Identification of adenoviral
inclusions by H&E staining is not very accurate because autolyzed and/or necrotic cells and poorly
fixed tissue samples may produce artifacts from similarly stained cells. We found that IHC analysis
more easily visualized virus-infected cells than H&E staining. We noted that, in addition to
mononuclear inflammatory cells and dendritic cells in follicles beneath the lamina propria,
adenoviral antigens were also found in epithelial cells (Figures 1-3). In addition to being used to
detect pathogen antigens in fixed tissue, IHC using monoclonal and multiclonal antibodies can
complement fresh tissue PCR and culture for the direct diagnosis of infectious diseases [22]. When
diagnosing adenovirus infection, various types of samples can be used, including nasopharyngeal
aspirates and swabs. These samples can then be analyzed using a variety of methods, with PCR being
considered the “gold standard.” Many commercial PCR kits have been developed by laboratories
around the world. These kits can be used to detect adenovirus in a variety of samples [23]. Different
multiplex PCR combinations can target most, if not all, known infectious pathogens affecting the
human respiratory system. PCR is also widely used to detect adenovirus infection. Molecular testing
detects a wide range of enteric pathogens and has low discriminatory accuracy in distinguishing
symptomatic from asymptomatic individuals. Even so, multiplex PCR allows for direct comparisons
between different countries and reveals considerable environmental specificity [24].

To the best of our knowledge, this is the first report in Taiwan to observe adenovirus infection
and intussusception from a pathological perspective. Our study included 29 patients who underwent
intussusception surgery, and 35 pathological specimens were recorded in the surgical reports There
were 27 appendix tissues and 8 intestinal tissues in the pathological specimens. Nevertheless, since
most of the specimens had been preserved for many years, only 8 appendix specimens from
incidental appendectomies were successfully processed into FFPE tissue. IHC testing using anti-
adenoviral antibodies identified 3 positive cases (37.5%). PCR testing revealed adenovirus type C in
4 cases (50%). The control group consisted of 8 children under 6 years of age who underwent
incidental appendectomies without intussusception or appendicitis. None of the control subjects
were positive in IHC with anti-adenovirus antibody and qPCR analyses. Compared with the control
group, the P-value for IHC was greater than 0.05, showing no statistical difference, while the P-value
for PCR was less than 0.05, showing a statistical difference.

5. Conclusions

Although most cases of intussusception are idiopathic, there are some potential causes, such as
guidance points near the ileocecal junction, bacterial or viral infection, and familial predisposition.
Our study directly confirmed the relationship between adenovirus infection and intussusception
through pathological evidence. IHC analysis and PCR testing confirmed evidence of adenoviral
infection in patients with intussusception. PCR is as useful and reliable as IHC in diagnosing
adenovirus in intussusception and has greater sensitivity than IHC.
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