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Abstract

Background: Intussusception is the leading cause of acute intestinal obstruction in infants. 

Intussusception is mostly idiopathic, but infectious pathogens are sometimes implicated. In 

addition, live oral rotavirus vaccines have been associated with intussusception.

Methods: We searched the literature published between January 1, 1990- March 16, 2020, to 

describe the association between intussusception among infants and young children and various 

pathogens, particularly adenovirus and wild rotavirus. We tallied the number of evaluations 

reporting a statistically significant positive association, no association, and a protective association 

by pathogen, using any statistical method. We also calculated the median reported odds ratios 

(OR) of intussusception with adenovirus and rotavirus.

Results: We identified 3,793 records; 17 evaluations from 15 countries that evaluated 52 

pathogens were included in the analysis. All 14 evaluations of adenovirus reported a statistically 

significant positive association with intussusception; the median OR from 9 evaluations was 3.7 

(IQR: 3.3, 8.2). Nine of 12 evaluations assessing rotavirus found no statistically significant 

association, 1 found a positive association, and 2 reported a protective effect; the median OR from 

12 evaluations was 0.9 (IQR: 0.2, 1.8). No consistent relationship was observed between any other 

pathogens and intussusception.

Conclusions: We documented a consistent association of intussusception with adenovirus, but 

no relationship between wild-type rotavirus and intussusception. Future research should focus on 

better understanding the mechanisms of intussusception with infectious pathogens, including 

following rotavirus vaccination.
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Introduction

Intussusception is the leading cause of acute intestinal blockage in infants and can lead to 

death if untreated (1, 2). Though rare, rates of naturally occurring intussusception vary by 

region from >300 per 100,000 infants in Vietnam and Korea to <10 in Bangladesh (3). 

Anatomical leadpoints cause some cases of intussusception; however, for most 

intussusception cases the cause is unknown. In some articles, a seasonal pattern of 

intussusception has been reported, suggesting an infectious pathogen may cause some cases 

of intussusception (3). Many case reports or case series noted the presence of various 

pathogens in intussusception cases, but firm conclusions could not be derived as they did not 

formally assess association using case-control approach (4-10).

In addition to naturally occurring intussusception, a slightly increased risk of intussusception 

has been shown following vaccination against rotavirus (11-16). About 1 to 5 excess cases 

are estimated per 100,000 infants vaccinated in high- and middle-income countries (13); 

though no risk was detected in 7 African countries, South Africa, or India (17-19). As the 

biological mechanisms are unknown, researchers have considered if wild-type rotavirus 

could be similarly associated with intussusception. Additionally, understanding any 

association between wild-type rotavirus and intussusception may be useful to rotavirus 

vaccines in the pipeline, as some vaccines currently under development aim to minimize or 

eliminate the vaccine-related risk of intussusception (20).

In this review, we describe the available literature assessing the relationship between 

intussusception and pathogens. We also quantify the magnitude of any associations between 

intussusception and adenovirus or rotavirus as a secondary objective.

Methodxs

Literature search

We (EB) searched PubMed for English language articles with the key word 

“intussusception” published January 1, 1990 through March 16, 2020. We limited the time 

period of interest to ensure laboratory detection methods would be similar. We excluded 

descriptive analyses, evaluations of only children ≥1 year old or adults, and studies that did 

not have a case-control design. Articles that assessed the relationship between any pathogen 

detected in stool by laboratory methods and intussusception using any statistical method 

were considered for inclusion. We excluded articles evaluating the relationship between 

rotavirus vaccines and intussusception; literature reviews, modeling studies, and other non-

original research; descriptive analyses; and evaluations of other etiologies of 

intussusception, such as nutritional status.

Data abstraction and analysis

For studies meeting inclusion criteria, we (EB) abstracted information about study design, 

enrollment criteria, numbers of cases and controls, statistical methods, pathogens tested, and 

findings into a Microsoft Excel spreadsheet. When articles reported individual estimates 

from more than one country or group of countries, each population was included as a 

separate evaluation in this analysis. For the primary objective, we included statistically 
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significant associations as reported by the authors, by any statistical test. In the secondary 

analysis of the magnitude of associations, we limited the analysis to evaluations that 

reported odds ratios (OR). If the OR was not reported and the study design was not matched, 

we used the published data to calculate the crude OR and confidence limits when available 

and included this in summary analyses. A priori, we decided to summarize the magnitude of 

the association between a pathogen and intussusception where there were 8 or more 

evaluations with ORs for that pathogen.

To describe characteristics of the included evaluations, we reported the number and percent 

of evaluations with select characteristics as well as the median and interquartile range (IQR) 

of continuous variables. For the primary objective of this literature review, we tallied the 

number of evaluations reporting a statistically significant positive association, no 

association, and a protective association by pathogen. For the secondary objective, we 

calculated the median and IQR of the OR of intussusception with adenovirus and rotavirus. 

All analyses were performed using SAS v.9.4 and R v.3.6.1.

Results

The literature search identified 3,793 records, of which the abstracts were reviewed for 312 

(Figure 1). More than half (n=1480) of those excluded were descriptive reports of individual 

or small groups of intussusception cases. From PubMed, 14 full length articles and 1 

abstract are included in this review; 2 articles stratified their analyses and each country or 

group of countries is included as a separate evaluation. Overall, 17 evaluations from 15 

countries were included (Table 1). All of the evaluations enrolled cases over >12-month 

period.

The 17 included evaluations were published from 1992-2019 (median: 2010; IQR: 2006, 

2014) (Table 1). There were a median 53 (IQR: 37, 106) cases and 106 (IQR: 60, 136) 

controls in each evaluation. A range of intussusception case definitions were used: 4 

evaluations used the Brighton Collaboration case definition criteria for diagnostic certainty, 

5 included cases diagnosed by ultrasound or other imaging, enema, or surgery, 1 included 

cases confirmed by enema only and 3 included cases confirmed by ultrasound or other 

diagnostic imaging only, and 1 evaluation identified cases with intussusception-specific ICD 

codes. Three evaluations did not specify how intussusception cases were identified and 

confirmed. Eleven evaluations (65%) identified viral pathogens by PCR and 10 (59%) by 

ELISA (Table 2). The oldest age of cases was 1 year in 2 evaluations, 2 years in 4 

evaluations, and 3-5 years in 5 evaluations. In 3 additional evaluations, the oldest children 

were >5 years old. Two evaluations did not specify the cases’ ages but otherwise indicated 

they were infants and young children.

Control groups were similarly diverse across evaluations. Including community and 

hospitalized control groups, 8 evaluations (47%) explicitly excluded controls with diarrhea 

and 8 evaluations (47%) included controls with diarrhea (Table 2). One evaluation (6%) with 

hospitalized controls did not specify whether controls with diarrhea were excluded. Fourteen 

(82%) of the evaluations used matched controls. Of those, 14 (100%) matched cases and 

controls by age, 9 (64%) matched by sex; and 3 (21%) matched by geography.
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The relationships between intussusception and 52 pathogens were assessed in these 17 

evaluations (Table 3). The most commonly included pathogen was adenovirus (n=14 

evaluations) and of which, all showed a statistically significant positive association with 

intussusception. Of the 9 evaluations reporting an OR, the median OR was 3.7 (IQR: 3.3, 

8.2) (Figure 2). Additionally, 12 adenovirus types have been evaluated, mostly with mixed 

results. Adenovirus type C was included in 6 evaluations, of which 4 showed a positive 

association with intussusception. Adenovirus types F and B were assessed in 5 and 4 

evaluations, respectively, and did not consistently show any statistically significant 

association.

There were 12 evaluations that assessed the relationship between rotavirus and 

intussusception; 9 found no statistically significant association, 1 found a positive 

association, and 2 reported a protective effect (Table 3). The study that reported a positive 

association was noteworthy in that cases were enrolled after rotavirus vaccine had been 

introduced and researchers were not able distinguish between wild-type and vaccine-type 

rotavirus strains in a subset of sample. Eleven of these evaluations reported ORs, with a 

median OR of 0.9 (IQR: 0.2, 1.8) (Figure 2).

Four evaluations have assessed the association between norovirus and intussusception, of 

which 2 reported a protective effect and 2 reported no statistically significant effect (Table 

3). One evaluation showed norovirus GII had a protective effect and 1 showed no 

statistically significant association; 1 evaluation showed norovirus GI had no association 

with intussusception. Two evaluations found no statistically significant association of 

intussusception with human herpes virus 6 (HHV6) and one that found a positive 

association. One of the evaluations showing no association with HHV6 alone did find a 

statistically significant association between intussusception and co-infection with adenovirus 

and HHV6.

Other commonly included pathogens were astrovirus, enterovirus, and cytomegalovirus 

(CMV). There was no statistically significant relationship found between astrovirus, 

enterovirus, and CMV in 6, 5, and 3 evaluations, respectively (Table 3). No consistent 

association was found between any other pathogen and intussusception.

Discussion

Our findings clearly and consistently demonstrate that adenovirus is associated with 

intussusception, with 3-4 times the odds of intussusception among children infected with 

adenovirus than those not infected. In particular, adenovirus type C, which often has 

respiratory symptoms, appears to be associated with intussusception, while enteric 

adenovirus type F was not. Study size may not have been large enough to detect small effect 

sizes from other adenovirus types or from adenovirus types that were rare in the study 

populations. While this relationship was clear and consistent, not all adenovirus infections 

resulted in an intussusception in these study populations and adenovirus infection does not 

account for all the enrolled intussusception cases.
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The summary findings from this literature review suggest there is no statistically significant 

causative relationship between wild-type rotavirus and intussusception. Twelve evaluations 

exploring this association were conducted on 4 continents and in countries with a wide range 

of natural rates of intussusception in infants. Given three rotavirus vaccines (Rotashield, 

Rotarix, and RotaTeq) have been associated with intussusception (11-16), these findings are 

a bit surprising. One possible explanation is that oral administration of the vaccine or the 

high titer of virus from vaccination compared to natural infection. Alternatively, these case-

control studies were not adequately powered to exclude an association between wild type 

rotavirus and intussusception of the same magnitude as with rotavirus vaccine. Further 

research to understand the mechanism of intussusception after rotavirus vaccination is 

needed.

This literature review has several limitations. First, many of the studies had very small 

sample sizes, possibly too small to detect the modest effect of some pathogens. For example, 

evidence from descriptive studies and 2 of 3 evaluation in this review suggest HHV6 as a 

cause of intussusception, but it was only found to be statistically significantly associated in 1 

evaluation (5, 21-23). However, since the magnitude of the relationship and number of cases 

are very small, HHV6 is unlikely to be causing a large number of cases. Second, variation in 

study design, analytic methods, and case definition makes combining and comparing these 

findings challenging. We had more stringent criteria for the secondary analysis than the 

primary analysis however we did not limit the inclusion criteria by age group due to the 

small number of evaluations. The causes of intussusception may vary substantially between 

infants and 13-year-olds, the oldest child enrolled. We were also concerned that differences 

in control group enrollment criteria may have biased the results. However, in summarizing 

magnitude of association of intussusception with adenovirus and rotavirus, we did not find a 

substantial difference in the median OR based on control group. Though the small number 

of evaluations and other differences in study design may mask a true difference in OR 

between diarrhea and non-diarrhea controls. Third, we were limited in our analysis by the 

pathogens included in at least one evaluation. The current literature did not allow for the 

exploration of the role of co-infections or the gut microbiome in intussusception.

In conclusion, the available literature consistently showed an association between 

adenovirus and intussusception and suggests that there is no relationship between wild-type 

rotavirus and intussusception, though we did not have the power to detect a level of risk as 

low as that found with rotavirus vaccines. Future research should focus on other natural 

causes of intussusception in infants and better understanding the mechanisms leading to 

intussusception including following rotavirus vaccination.
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Figure 1. 
Flowchart of literature search and exclusion criteria.
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Figure 2. 
Published estimates of the odds ratio of adenovirus and rotavirus with intussusception.
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Table 3.

Number of studies finding statistically significant associations with intussusception by pathogen (any 

statistical method )

Number of evaluations

Pathogen Total reporting
pathogen

Positive
association Not significant Protective

association

Bacterial

Campylobacter (pan) 3 1 1 1

 jejuni/coli 2 0 1 1

C. difficile 2 0 1 1

E. coli 1 1 0 0

 Atypical enteropathogenic 2 0 2 0

 Enteroaggregative 2 0 2 0

 Enteroinvasive 1 0 1 0

 Enterotoxigenic 2 0 2 0

 Typical enteropathogenic 2 0 2 0

Salmonella 3 1 2 0

Shigella 1 1 0 0

Y. enterocolitica 1 0 1 0

Parasitic

Cryptosporidium 2 0 2 0

Giardia 1 0 1 0

Viral

Adenovirus (pan) 15 15 0 0

 A 3 0 3 0

  A31 1 0 1 0

 B 4 1 3 0

  B3 1 1 0 0

 C 6 4 2 0

  C1 2 2 0 0

  C2 1 1 0 0

  C5/6 1 0 1 0

 D 2 0 2 0

 E4 1 1 0 0

 F 5 0 5 0

  F41 1 0 0 1

 Non-type C 2 1 1 0

Astrovirus 6 0 6 0

Bocavirus 1 0 1 0

Calicivirus 1 0 1 0

Cytomegalovirus 3 0 3 0

Echovirus 2 0 2 0

Enterovirus (pan) 5 0 5 0
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Number of evaluations

Pathogen Total reporting
pathogen

Positive
association Not significant Protective

association

 A 1 0 1 0

 B 1 1 0 0

 C 1 0 1 0

Herpes simplex virus 1 0 1 0

Human herpes virus 6 3 1 2 0

Human herpes virus 7 1 0 1 0

Influenza 1 0 1 0

Norovirus (pan) 4 0 2 2

 GI 1 0 1 0

 GII 2 0 1 1

Parechovirus 1 0 1 0

Poliovirus 1 0 1 0

Rhinovirus (pan) 1 0 1 0

 A 1 0 1 0

 B 1 0 1 0

 C 1 0 1 0

Rotavirus 12 1 9 2

Sapovirus 3 0 3 0
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