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Abstract
Background: The etiology of intussusception (IS), a serious medical condition of acute gastrointestinal obstruction, remains unclear. Limited evidence
suggests a role for viral infections, including rotavirus infection. This study aimed to explore the risk of IS after rotavirus gastroenteritis (RV GE) in the �rst year
of life, where the incidence of IS is highest.

Methods: In this retrospective, self-controlled case series (SCCS), we assessed the risk of IS after RV GE in infants <1 year of age, using data extracted from
administrative claims databases in the United States. Incidence rate ratios (IRR) of IS were calculated for the 7- and 21-day risk periods after RV GE (main
analysis) or after fracture (sensitivity analysis using a control event) in subjects presenting with claims for these conditions. Post-hoc analyses were also
performed.

Results: Out of the 290,912,068 subjects screened, 42 subjects presented claims for RV GE and IS (RV GE group) and 66 presented claims for fracture and IS
(fracture group). The IRR of IS after RV GE was 79.6 (95% con�dence interval, CI: 38.6–164.4) in the 7-day risk period and 25.5 (95% CI: 13.2–49.2) in the 21-
day risk period. The sensitivity analysis also showed an association between IS and fracture for the two risk periods: IRR was 6.1 (95% CI: 3.0–12.7) and 2.8
(95% CI: 1.5–5.4) in the 7- and 21-day risk periods, respectively, which suggested potential confounding such as by history of rotavirus vaccination, or a visit
effect. Post-hoc analyses investigating these points did not con�rm an association between fracture and IS, but still suggested a possible association
between RV GE and IS.

Conclusions: A temporal association between RV GE and IS was detected using the SCCS design in United States claims databases. However, due to some
limitations identi�ed through additional analyses, further studies are needed to con�rm this association.

Background
Intussusception (IS) is a serious, potentially life-threatening medical condition of acute intestinal obstruction. It occurs when a segment of the bowel prolapses
into a more distal portion, which can cause intestinal ischemia, infarction and perforation (1).

Between 60%–70% of children diagnosed with IS are below one year of age, with most episodes occurring between 5 and 7 months of age (2). IS affects
mostly healthy infants and presents a male to female ratio of 3:2 (3). Estimates of IS incidence vary broadly across geographical regions, with the highest
rates observed in Asia (2). Incidence rates in Europe and United States (US) are consistently similar, ranging from 20 to 66 cases per 100,000 person-years (2,
4, 5).

To date, the etiology of IS remains unclear. Studies assessing potential risk factors for IS point towards gastroenteritis and viral infections (6). While an
association with adenovirus infection has been demonstrated (7, 8), evidence of an association with rotavirus (RV) infection is still limited (8–10).

The implementation of RV vaccination in national immunization programs across the world has resulted in effective and substantial reductions in mortality
and morbidity associated to RV GE (rotavirus gastroenteritis) (11). However, the use of live-attenuated RV vaccines at a large scale demonstrated an increased
risk of IS during the �rst week after immunization: a meta-analysis estimated the relative risk of IS after the �rst dose of both live-attenuated RV vaccines as
5.4 and 5.5, and the risk after the second dose as 1.7 and 1.8 (12). Because the currently used RV vaccines are live-attenuated and replicate in the gut, the
observed association between RV vaccination and IS supports the potential role of natural RV infection in the development of IS. However, to date, there is no
robust evidence available on the risk of IS following RV GE.

In this retrospective study, we explored the association between RV GE and IS in children <1 year of age using data extracted from administrative claims
databases in the United States of America (US). The aim of the study was to measure and compare the incidence of IS between pre-de�ned risk and control
periods by applying the self-controlled case series design (SCCS), a case-only method with high sensitivity that has been largely used to assess the
association between RV vaccination and IS (12–14). The risk of IS was assessed for periods of 7 and 21 days following an RV GE episode.

A summary contextualizing the outcomes of this study is displayed in the Focus on the Patient Section (Figure 1) for the information of health care
professionals.

Methods

Data sources and study population
This retrospective, observational, SCCS analyzed data from two US insurance claims databases: Truven Health MarketScan (“MarketScan”, consisting of
Commercial Claims and Encounter databases and Medicaid databases) and Optum Clinformatics Data Mart (“Optum”). These administrative databases
contain individual-level anonymized data such as socio-demographic information, clinical diagnosis, drug prescription and procedures for in- and outpatients
across the US who are covered by fee-for-services and managed care plans (15, 16). MarketScan contains data of >240 million unique patients since 1995,
whereas Optum contains data of >13 million unique patients annually since 2000.

The study included individual-level data in the following periods during which GSK had a license to access the data: January 2003 to December 2017 for
MarketScan, and from May 2000 to December 2017 for Optum.

The primary objective was to assess the risk of IS during the 7-day period following RV GE in subjects <1 year of age. The secondary objective was to assess
the risk of IS during the 21-day period following RV GE in the same population. These risk periods are now universally accepted in studies of the risk of RV
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vaccination using the SCCS design (12). Sensitivity analyses were conducted for fracture, a control medical event for which no plausible biological
relationship with IS exists, hence used as an indicator of the quality of the data sources.

Subjects, exposure and outcomes
Subjects below one year of age who remained in a health care plan until the age of one year and for whom both RV GE or fracture claims, and claims for IS,
were reported while on this plan between May 2000 and December 2017, were included.

Eligible subjects were classi�ed into two groups: 1) RV GE group: subjects <1 year of age with an International Classi�cation of Diseases (ICD) code for RV GE
(ICD–10: A08.0; ICD–9: 008.61) and an ICD code for IS (ICD–10: K56.1; ICD–9: 560.0); and 2) fracture group: subjects <1 year of age with an ICD code for
fracture except for clavicle fracture and fracture at birth (code list available upon request) and an ICD code for IS.

All subjects with a RV vaccination claim on the same day than a RV GE claim were excluded from the RV GE group, since it is unlikely that a child with
gastroenteritis symptoms receives a RV vaccine, or that RV vaccination would trigger RV GE on the same day. RV vaccination claims were identi�ed through
current procedural terminology (CPT) codes 90680 or 90681 or national drug codes (NCD) 00006404701, 00006404720, 00006404731, 00006404741,
00008256201, 58160080501, 58160080502, 58160080511, 58160085101, 58160085110, 58160085302 or 58160085452.

Claims for clavicle fracture and fracture at birth (i.e. fractures with a description containing the term “birth”, “clavicle”, or “clavicule”) were excluded from the
fracture group since they are frequently reported in newborns.

Subjects were �rst screened by identifying RV GE, fracture and IS claims in both databases. The Commercial and Medicaid databases belonging to
MarketScan were screened separately but data were pooled. Since the databases only provide the year of birth, the complete date of birth (i.e. day, month and
year) was de�ned as the date of earliest birth diagnosis code recorded, if available, the date of earliest record of medical diagnosis under insurance coverage,
or the �rst date of insurance coverage. If the imputed date of birth did not coincide with the year of birth recorded in the databases, the subject was excluded
from the analysis. Among screened subjects, those with RV GE or fracture and IS claims in their �rst year of life were selected. Since one episode of IS, RV GE
or fracture could be associated with more than one claim, we considered that all recurring claims for a particular episode identi�ed in a period <30 days
corresponded to a single episode.

For each eligible subject identi�ed, the following data were extracted from the database: year of birth, gender, date of claims (IS, RVGE and/or fracture) and
date of RV vaccination (if available).

Statistical methods
For each group, the demographic characteristics, history of RV vaccination, age at IS, age at RV GE or fracture, and number of IS episodes (during both the risk
and control periods) were summarized using descriptive statistics. We also calculated the total subject-weeks during the risk and control periods and the
number of days between RV GE or fracture and IS (calculated as date of IS minus date of RV GE or fracture plus 1 day).

All statistical tests were two-sided with a signi�cance level of alpha = 0.05. Statistical analyses were performed using Statistical Analysis Software (SAS)
version 9.3.

Main analysis
For the primary and secondary objectives of the study, we applied the SCCS method to data from the RV GE group (Figure 2).. We considered the day of RV GE
claim as Day 1. The risk period was de�ned as the period from Day 1 to Day 7 for the primary objective, and from Day 1 to Day 21 for the secondary objective.
For the analysis of the primary objective, the period from Day 8 to Day 21 was considered as a buffer period not taken into account in the incidence rate ratio
(IRR) calculations. The control period was de�ned as the period from birth until one year of age excluding the risk and buffer periods (Figure 2)..

The null hypothesis was that the incidence rate of IS during the risk period is the same as that during the control period. To test this hypothesis, we used the
publicly available SCCS macros for SAS (17, 18). The IRR for IS was calculated as the incidence of IS during the risk period divided by the incidence of IS
during the control period. The model included the IS event (present or absent) as the dependent variable, the period (risk or control) as the independent
variable, and the following covariates for adjustment: age as a categorical variable (encoded as months since birth date) and RV vaccination—with a 7day risk
period after it—as a binary variable (present or absent).

Based on preliminary queries of the databases, it was estimated that approximately 40 cases of IS with a RV GE claim during the �rst year of age would be
available for inclusion in the study. With 40 cases in the RV GE group, the study had 80% statistical power to demonstrate an association between RV GE and
IS if the IRR was ≥6, considering the risk and control periods de�ned for the primary objective and adjusting for the age effect.

Sensitivity analysis
We performed a sensitivity analysis by assessing the risk of IS following fracture, using the same methods, risk periods and assumptions used for the RV GE
group (Figure 2)..
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Post-hoc analyses
Upon the unexpected observation of an increased risk of IS after fracture claims, we conducted post-hoc analyses to explore the consistency and validity of
the results. We applied the same SCCS method as for RV GE group except that, in each post-hoc analysis, the following rationale and criteria were applied:

Post-hoc analysis A: excluding cases where IS and RV GE claims, or IS and fracture claims, were reported on the same date, thus excluding Day 1 from the
risk period and resulting in 6- and 20-day risk periods. The aim was to address a potential visit effect (19), which would cluster the reporting of IS and RV
GE or fracture at the same medical visit (Day 1).

Post-hoc analysis B: excluding cases where IS and RV GE claims were reported on the same date, and cases with a record of RV vaccination at any time.
The aim was to control for a potential visit effect and to ensure that RV vaccination would not re�ect a RV GE episode.

Post-hoc analysis C: excluding cases where IS and RV GE claims, or IS and fracture claims, were reported on the same date, and considering the following
risk periods: from Day –6 to Day –1 and from Day –21 to Day –1 (where Day –1 is considered as the day before RV GE or fracture). The aim was to test
whether a similar risk of IS was observed during the period before RV GE or fracture, while still controlling for the visit effect.

Results

Subject disposition
A total of 290,912,068 subjects were screened over the period January 2003–December 2017 in MarketScan and May 2000–December 2017 in Optum. From
these, 42 subjects presented claims for RV GE and IS (RV GE group) and 66 presented claims for fracture and IS (fracture group) in the �rst year of life (Figure
3).. There were no instances of both a RV GE code and a fracture code identi�ed for a single subject.

Descriptive data
Table 1 shows demographic and epidemiological characteristics of the subjects. In the RV GE group, 71.4% subjects had a birth diagnosis recorded. Subjects
in the RV GE group presented claims for RV GE at a mean age of 25.2 weeks, and for IS at 26.7 weeks. While 9 (20.9%) claims of IS occurred before RV GE, 25
(58.1%) claims of IS occurred in the 7-day period after RV GE, and 2 (4.7%) occurred between Day 8 and 21 after RV GE (Table 1).. When we analyzed the
distribution of IS claims over the Day 1–Day 21 risk period, we found most IS claims recorded on the day of RV GE (i.e. Day 1), followed by Days 2 and 3
(Figure 4)..

Demographic characteristics in the fracture group were similar to those in the RV GE group, except for a slightly higher percentage of males (Table 1).. The
mean ages at IS and at fracture were similar to those observed in the RV GE group for IS and RV GE; however, most of the IS claims occurred before fracture
(n: 33; 47.1% of the cases) or in the period more than 21 days after fracture (n: 25; 35.7%). Considering the Day 1–Day 21 risk period, the day with most IS
claims recorded was the day of fracture (i.e. Day 1) (Figure 4)..

We then analyzed the temporal distribution of RV GE, IS and RV vaccination claims during the entire �rst year of life of subjects in the RV GE group. Both the
frequencies of RV GE and IS partially overlapped and peaked at month 3, 8 and 10. (Figure 5).. We observed 3 peaks of RV vaccination: at 2, 4 and 6 months,
as expected according to the RV vaccination schedule.

In the fracture group, the frequency of fracture was stable across ages, whereas IS peaked at months 3–5 and month 9. The temporal distribution of RV
vaccination was similar to that observed in the RV GE group.

Outcome data, main results and additional analyses
The IRR of IS after RV GE was 79.6 (95% CI: 38.6–164.4; p<0.0001) in the 7-day risk period and decreased to 25.5 (13.2–49.2; p<0.0001) in the 21-day risk
period (Table 2).. The sensitivity analysis showed an association between IS and fracture for the two risk periods: IRR was 6.1 (3.0–12.7; p<0.0001) and 2.8
(1.5–5.4; p: 0.0018) in the 7- and 21-day risk periods, respectively (Table 2)..

Post-hoc analyses (see details in Methods) are shown in Table 2. In post-hoc analysis A, after excluding Day 1 from the analysis, there was still a statistically
signi�cant association between RV GE and IS for both risk periods, but of a lower magnitude, (Table 2).. In the fracture group, there was still an association for
the 6-day period but no association was detected for the 20-day period (Table 2)..

In post-hoc analysis B (in the RV GE group only), after excluding both Day 1 and cases with a recorded RV vaccination, the magnitude of the resulting IRRs
was smaller but the association between RV GE and IS remained statistically signi�cant (Table 2)..

In post-hoc analysis C, we tested whether we observed the same risk of IS before and after RV GE or fracture. For that purpose, besides excluding again the
cases with IS and RV GE or fracture reported on the same date, we de�ned risk periods before RV GE or fracture. The results showed no statistically signi�cant
association between IS and RV GE or fracture when IS occurred before RV GE or before fracture (Table 2)..

Discussion

Main �ndings



Page 5/14

The aim of this retrospective SCCS was to explore the association between RV GE and the development of IS in infants <1 year of age in US claims databases.

An increased risk of IS after RV GE was observed in the main analysis. However, the sensitivity analysis also showed an increased risk of IS after fracture—an
event for which there is no plausible clinical association with IS—although the magnitude of the risk was lower. Post-hoc analyses conducted to further explore
the validity of the data still suggested a possible association between RV GE and IS, but not between fracture and IS.

To our knowledge, this is the �rst study using claims data to evaluate the association between RV GE and IS. The few previous studies that investigated this
association used different designs and data sources (7, 20). A prospective case-control study showed that experiencing gastroenteritis during the 30 days
before an IS diagnosis was associated with IS in children aged 0–59 months (odds ratio: 11.6; 95% CI: 3.2–41.2; p-value<0.001) (20). Although other risk
factors for gastroenteritis were not explored in that study, results are consistent with other studies that identi�ed bacterial and viral gastroenteritis as major
risk factors for developing IS (21–25). While adenovirus is the primary causative agent frequently detected in IS cases, some studies demonstrated an
association with rotavirus (8–10).

Use of claims data
Studies by Restivo and Bines included con�rmation of IS cases by medical evaluation and/or laboratory-con�rmation of the RV GE diagnosis, and collection
of potential risk factor data via questionnaires (e.g. use of antibiotics, history of breastfeeding) (7, 20). Although such methodology is considered more robust
than a retrospective database approach, the use of claims databases brings some advantages to our study. Firstly, it limits any recall bias that would be more
likely present in studies relying on parents or caretaker interviews. Secondly, it allows to analyze patient-anonymized data from a large population size, which
is crucial when studying events with a low background incidence such as IS (34 cases per 100,000 person-years in one study in the US) (26).

There are, however, limitations inherent to the use of claims databases. We cannot exclude a lack of validity and speci�city of the IS and RV GE claims,
considering that case �nding for IS and RV GE was based exclusively on ICD codes declared for the reimbursement of the medical insurance claim. In the pre-
vaccination era, RV GE ICD–9 coding was highly speci�c but showed less than 50% sensitivity (27). To our knowledge, there are no published studies
establishing the positive predictive value (PPV) of RV GE codes in claims databases in the rotavirus post-vaccination era (i.e. after August 2006 in the US),
which is when most of our data were collected. In our study, a correlation between RV GE claims and RV testing claims was not possible, since there are no
corresponding laboratory data available in the databases used. In the present study, the use of insurance claims instead of electronic medical records was
based on feasibility. During the design of the study, the use of the UK CPRD, a general practitioners’ database which records information on RV testing was
explored but then discarded due to the low number of eligible subjects available. On the other hand, regarding IS cases, we relied only on ICD codes. We used
speci�c ICD codes to capture IS, and we excluded non-speci�c ICD codes (e.g. “543.9 = Other and unspeci�ed diseases of appendix”). However, this does not
inform about diagnosis certainty. In two previous studies, PPVs of IS diagnosis of 84% and 49% were observed in electronic medical records and claims,
respectively (28, 29). These values re�ect the type of data sources, with higher PPVs for validated medical records such as disease registries compared to
claims data.

Overall, misclassi�cation of RV GE or IS cannot be excluded in this study. In addition, since the introduction of RV vaccination, changes in laboratory testing
practices and, more generally, in clinical practice may bias the reporting of these events in claims databases. Of note, misclassi�cation of RV GE or of IS
would generally rather result in an underestimation of the association between the two events.

We observed subjects for whom RV GE and RV vaccination claims were recorded on the same day. Since the labels of the two RV vaccines available in the US
recommend caution or delaying vaccination in children presenting with acute gastrointestinal disorders, it is unlikely that both RV GE and RV vaccination truly
happened on the same day, suggesting that some of the RV GE claims likely re�ect the indication for RV vaccination rather than a true RV GE episode. For this
reason, in all analyses we excluded from the RV GE group any infant with RV GE and RV vaccination claims on the same date, and in post-hoc analysis B, we
excluded any subject with a RV vaccination claim. In addition, we observed a distribution of RV vaccination claims consistent with the recommended RV
vaccination schedule in the US, which points to the quality of the reporting of these claims.

In our study, IS claims were frequently reported at the same date as RV GE claims. Claims may be clustered on the same date due to a previously described
phenomenon known as “Day 0 phenomenon” or “visit effect” (19). The visit effect states that collecting information only at speci�c time points, such as a
medical visit, may cause prevalent conditions to be considered as incident, hence affecting the temporal relationship between event and outcome. To account
for this effect, we conducted post-hoc analysis A, which excluded Day 1 from the analyses (thus excluding cases with claims of IS and RV GE or fracture on
the same day). The reduced IRR observed in this post-hoc analysis compared to the main analysis indeed support the existence of a visit effect in the
distribution of RV GE or fracture and IS claims.

Regarding potential heterogeneity between MarketScan and Optum, we did not observe any discordance between the two databases, since we obtained results
consistent between data sources, and consistent with the main analysis results when data was analyzed separately for each database (data not shown).

Strengths and limitations of the study design
The SCCS method implicitly controls for time-invariant confounders, whether known or unknown. Since age could be a confounding factor for outcomes
included in this study, and because RV vaccination is also age-speci�c, analyses were adjusted for both age and history of RV vaccination. The SCCS has
been largely used to assess the association between RV vaccination and IS, and the risk periods used in the present analyses are those described in previous
studies and now universally accepted (12).
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We also tested the assumption of a symmetrical pattern of IS reporting by analyzing risk periods before RV GE (post-hoc analysis C). This analysis did not
detect an association between IS (occurring �rst) and RV GE (occurring later), which emphasizes the �ndings of our main analysis pointing towards a possible
association between RV GE and IS in a sequential manner.

Quality indicator group �ndings
The main strength of our design is the inclusion of a quality indicator group that considers a medical event, fracture, for which no known nor biologically
plausible association with IS exists. The aim of this sensitivity analysis was to provide information about the validity of the claims data, and indeed the
results suggest a potential quality issue since a positive temporal association was observed between fracture and IS. The lower—but still signi�cant—
association detected in the fracture group through our sensitivity analysis indicates that there is a part of spuriousness in the data, but which is di�cult to
quantify. To partly address this issue, we also excluded cases with claims of IS and fracture on the same date in the fracture group, in order to mitigate a
potential visit effect (post-hoc analysis A). When these cases were excluded, the risk of IS after fracture further decreased or disappeared depending on the
risk period considered, which could point to a visit effect in the fracture group as well.

The present study is more likely to have investigated medical encounters due to disease symptoms rather than true disease onsets. The use of a broader study
endpoint (e.g. all-cause gastroenteritis) as in other studies (6, 20) may have limited potential outcome misclassi�cation and could have increased sensitivity,
but would not have answered our research question regarding the role of rotavirus-speci�c gastroenteritis in the etiology of IS. In general, the interpretation of
the results of this study should take into account the nature of claims data, which are a basis for payments and are not necessarily re�ecting the actual
disease onset.

Conclusions
We observed a temporal positive association between RV GE and IS in US insurance claims databases. However, because of its limitations, this study should
be considered as a preliminary investigation. Prospective studies and studies using validated electronic medical records are needed to con�rm and quantify
more precisely the association between RV GE and IS.
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Tables
Table 1. Demographic and epidemiological characteristics of study subjects.

Characteristic RV GE group 
N=42

Fracture group 
N=66

Female gender, n (%) 22 (52.4) 23 (34.8)

Birth diagnosis available, n (%) 30 (71.4) 48 (72.7)

Age in weeks at IS, mean (SD) 26.7 (13.9) 24.4 (12.8)

Age in weeks at RV GE or fracture, mean (SD) 25.2 (14.6) 24.8 (15.0)

IS episodes, n (%)    

Before event 9 (20.9) 33 (47.1)

Day 1–Day 7 25 (58.1) 9 (12.9)

Day 8–Day 21 2 (4.7) 3 (4.3)

After Day 21 7 (16.3) 25 (35.7)

Subject-weeks    

Before event 1054.0 1632.1

Day 1–Day 7 42.0 74.6

Day 8–Day 21 84.0 144.3

After Day 21 857.9 1298.0

IS, intussusception; N, number of subjects in the group; n (%), number (percentage) of subjects in a given category; RV GE, rotavirus gastroenteritis; SD, standard deviation 
Day 1 was de�ned as the day of RV GE or fracture claim.

Table 2. Incidence rate ratio of intussusception after RV GE or fracture in the main analysis (RV GE group), sensitivity analysis (fracture group) and post-hoc
analyses A, B and C.
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Main (RV GE group) and sensitivity (fracture group) analyses

  RV GE group, N=42 Fracture group, N=66
  n IRR 

(95% CI)
p-value n IRR 

(95% CI)
p-value

Risk period            

Day 1–7 41 79.6
(38.6–164.4)

<0.0001 67 6.1 
(3.0–12.7)

<0.0001

Day 1–21 43 25.5
(13.2–49.2)

<0.0001 70 2.8 
(1.5–5.4)

0.0018

Post-hoc analysis A  

  RV GE group, N=26 Fracture group, N=61
  n IRR 

(95% CI)
p-value n IRR 

(95% CI)
p-value

Risk period            

Day 2–7 25 29.9
(12.2–73.3)

<0.0001 62 3.1 
(1.1–8.7)

0.0320

Day 2–21 27 10.7
(4.7–24.3)

<0.0001 65 1.7 
(0.8–3.8)

0.2049

Post-hoc analysis B (conducted in RV GE group only)  

  RV GE group, N=18  
  n IRR 

(95% CI)
p-value      

Risk period            

Day 2–7 18 21.1
(6.9–64.5)

<0.0001      

Day 2–21 18 5.8 
(2.0–17.4)

0.0016      

Post-hoc analysis C  

  RV GE group, N=26 Fracture group, N=61
  n IRR 

(95% CI)
p-value n IRR 

(95% CI)
p-value

Risk period            

Day -6– -1 25 4.3 
(1.0–19.3)

0.0546 60 0.7 
(0.1–5.2)

0.7449

Day -21– -1 27 2.9 
(0.9–8.8)

0.0658 65 1.3 
(0.6–3.1)

0.5277

IRR, incidence rate ratio (calculated as the incidence of IS during the risk period divided by the incidence of IS during the control period); IS, intussusception; n, number of cases that
presented RV GE and IS or fracture and IS claims in the whole study period (one subject may contribute to several cases if presenting more than one RV GE or fracture claim); RV,
rotavirus; RV GE, rotavirus gastroenteritis; 95% CI, 95% Wald con�dence interval. 
Day 1 was de�ned as the day of RV GE or fracture claim. 
p-values in bold indicate statistical signi�cance. 
Post-hoc analysis A: analysis excluding cases with IS and RV GE or fracture claims on the same day (Day 1 was excluded from this analysis) 

Post-hoc analysis B: analysis excluding cases with IS and RVGE claims on the same day, and cases with RV vaccination (Day 1 was excluded from this analysis) 
Post-hoc analysis C: analysis excluding cases with IS and RV GE or fracture claims on the same day and considering risk period before RV GE or fracture (Day -1 is considered as the day
before the RV GE claim).
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Figure 1

Focus on the Patient Section

Figure 2

Study design. RV GE, rotavirus gastroenteritis. Day 1 was de�ned as the day of RV GE or fracture claim. The buffer period was not taken into consideration in
the analyses.
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Figure 3

Disposition of subjects in the study. IS, intussusception; N, number of subjects; n, number of subjects excluded (with reason for exclusion); RV GE, rotavirus
gastroenteritis; RV vacc., rotavirus vaccination. * Clavicle fracture and fracture at birth were excluded from this study.
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Figure 4

Distribution of intussusception claims during the 21-day risk period after RV GE (A) or fracture (B). IS, intussusception; RV GE, rotavirus gastroenteritis. Day 1
was de�ned as the day of RV GE or fracture claim.

Figure 5
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Distribution of claims of rotavirus gastroenteritis, intussusception and rotavirus vaccination by age (RV GE group). IS, intussusception; RV GE, rotavirus; RV
GE, rotavirus gastroenteritis.


