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ABSTRACT
Studies associate rotavirus vaccination with intussusception. In Germany, a retrospective multicenter
matched case–control study was performed to identify risk factors for intussusception with a special
focus on rotavirus vaccines. Children with place of birth and residence in Germany who had been
treated for intussusception from 2010 to 2014 and who had been less than 1 year old at the time of
intussusception were recruited. Case report forms were independently validated by two pediatricians
according to the criteria of intussusception defined by the Brighton Collaboration (BC). Cases with the
highest diagnostic certainty (level 1) were matched with population-based controls by age, gender,
federal state, and place of residence. Information on vaccine exposures originated from vaccination
certificates. One hundred and sixteen cases were matched with 272 controls. A significantly increased
adjusted odds ratio (aOR) for intussusception (5.74, 95% CI: 1.51–21.79) was detected in individuals
immunized with rotavirus vaccine dose 1 prior to symptom onset as compared to non-exposed
individuals. Age at the start of the rotavirus immunization series did not modify the risk of intussus-
ception. The odds for intussusception were not increased postdose 2 and 3 as well as any dose. One
further risk factor for intussusception, family history of intussusception (aOR 3.26, 95% CI 1.09 − 9.77)
was identified. Breastfeeding was found to have a protective effect (aOR 0.54, 95% CI 0.33 − 0.88).
Rotavirus vaccine dose 1 was associated with a 5.7-fold increased risk to develop intussusception
regardless of age at immunization whereas the overall risk for intussusception in the first year of life
was not increased.
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Introduction

Incidence

Intussusception primarily affects infants and toddlers. The back-
ground incidence rate of intussusception in children under
1 year of age was found to vary considerably between continents
and countries (range 9–328/100,000 child-years) with the world-
wide average being 74/100,000 child-years.1 In Germany, the
background incidence rate of intussusception in children
under the age of 1 year was estimated to be 61.7/100,000 child-
years, it was lowest in the first 3 months of life (19.2/100,000
child-years) and highest during the 6th to 8th month of life
(98.5/100,000 child-years).2 Intussusception occurs more fre-
quently in males with a gender ratio of approximately 2:1.3,4

Etiology

The seasonal pattern of intussusception with the occurrence
rate in the northern hemisphere being highest in the winter
and lowest in the summer months5, as well as the high virus
detection rate in the stools of intussusception patients6, sug-
gest that viral infections like adenovirus,7-11 enterovirus B,9

herpesvirus 6,8,12 cytomegalovirus,13 norovirus,6 astrovirus,14

and respiratory syncytial virus15 may play a role in the devel-
opment of intussusception. Of note, the patterns of monthly
virus detection rate and intussusception occurrence rate were
found to correlate.6 Although rotavirus was detected in stool
samples of intussusception patients, wildtype rotavirus infec-
tion was not considered to carry an increased risk for
intussusception.7,16-18

Association with rotavirus vaccination

In 2006, the European Commission approved two live rotavirus
vaccines of the second generation, a monovalent live attenuated
human strain which is administered orally in 2 doses (RV1;
Rotarix, GlaxoSmithKline Biologicals s.a., Rixensart, Belgium)
and a pentavalent human bovine reassortant strain containing
the antigens G1, G2, G3, G4, and P which is administered orally
in 3 doses (RV5; RotaTeq, MSD VACCINS, Lyon, France). None
of these two vaccines showed an increased risk for intussusception
as compared to placebo in clinical trials prior to marketing
authorization.19,20 Also, a systematic review and meta-analysis
which was recently updated for the Cochrane Database detailing
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the risk for intussusception after the administration of rotavirus
live vaccine within the scope of clinical trials demonstrated no
increased risk.21Postmarketing pharmacoepidemiological studies,
however, revealed that these vaccines were nevertheless associated
with an increased risk for intussusception.22-36 According to the
product information of the two second-generation rotavirus vac-
cines, up to 6 additional cases per 100,000 infants have been
observed in observational studies against a background incidence
rate of 25 to 101 per 100,000 infants (less than 1 year of age)
per year,37,38 whereas 11 to 21 additional cases per 100,000 infants
were expected to occur after vaccination with the first-generation
vaccine, a tetravalent rhesus-based rotavirus vaccine (RRV-TV;
RotaShield, Wyeth Laboratories, Inc., Marietta, Pennsylvania/
US).39

Recommendation of rotavirus vaccination in Germany

Since 2006, both rotavirus vaccines were available on the
German market. In 2013, the Standing Committee on
Immunization (Ständige Impfkommission, STIKO) recom-
mended rotavirus vaccination as part of the standard vacci-
nation program for children. From the age of 6 weeks,
depending on the vaccine chosen, two (RV1) or three
(RV5) doses shall be administered with a minimal interval
of 4 weeks. Due to the risk of intussusception that is sup-
posed to be increasing with age, the STIKO recommends
starting the immunization series early – until the age of
12 weeks at latest and preferably terminating it until the
age of 16 weeks (RV1) and 20–22 weeks (RV5),
respectively.40 In any case, the immunization series needs to
be terminated until the age of 24 weeks (RV1) and 32 weeks
(RV5), respectively.40 Even before implementation in the
routine vaccination schedule in 2013, rotavirus vaccination
was used in Germany and linked to a significant reduction in
rotavirus-related hospitalizations in the age-groups
6–23 months of age in Germany.41

The German Intussusception Study

In 2015, the Paul-Ehrlich-Institut (PEI), the German Federal
Institute for Vaccines and Biomedicines, initiated the German
Intussusception Study, a retrospective multicenter matched
case–control study in infants less than 1 year which aimed
at identifying risk factors for intussusception with a special
focus on rotavirus vaccines. Furthermore, from the present
body of knowledge, it remains unclear whether age at the start
of the immunization series with rotavirus vaccines modifies
the risk for intussusception and whether rotavirus vaccines
affect the overall risk for intussusception in the first year of
life. Against this background, these two secondary research
questions were to be addressed.

Results

Recruitment

A total of 43 pediatric clinics were invited to take part in the
German Intussusception Study, 19 of which finally partici-
pated in the study (response rate: 44.2%). The participating

study centers contacted a total of 325 families with children
who experienced intussusception in the first year of life 162 of
which gave informed consent (response rate: 49.8%). Forty-six
out of the 162 cases were excluded from further analysis for
various reasons (see Figure 1).

The families of the 116 eligible cases were from 12 out of
the 16 German federal states and all first digits (0–9) of the
five-digit zip code were represented. For every eligible case, 10
families with children that fulfilled the matching criteria were
invited to take part in the study. One to seven families agreed
to participate in the study; thus, 116 eligible cases were
matched with 272 recruited population-based controls in
case–control ratios ranging from 1:1 to 1:7 (Figure 1).

Demographics

Over 90% of the study participants were Caucasians and
about 70% of the participants were males. The variables age,
gender (which both belonged to the matching criteria), birth-
weight, and length at birth were well balanced between the
study groups (Table 1). During the first 3 months of life, only
a small number of intussusceptions occurred whereas the
highest frequencies were observed in the 7th, 8th, and 9th
months of life (Figure 2).

Clinical characteristics

At hospitalization, 31/116 cases (26.7%) were diagnosed with
concomitant gastroenteritis (Table 2). In 10 out of these 31
patients with gastroenteritis (32.3%), pathogenic microor-
ganisms [adenovirus (n = 5), rotavirus (n = 1), norovirus
(n = 1), Salmonella apeyeme (n = 1), Clostridium difficile
(n = 1), and Aeromonas caviae (n = 1)] were detected.
Another concomitant acute disease was documented for 21
cases [respiratory tract infection (n = 9), commotio cerebri
(n = 1), macular eczema at the abdomen (n = 1), varicella
(n = 1), auricular phlegmon (n = 1), hyperglycemia (n = 1),
cyanosis (n = 1), conjunctivitis (n = 1), septicemia with
Klebsiella pneumoniae (n = 1), septicemia with
Staphylococcus aureus (n = 1), convulsion (n = 1), otitis
media (n = 1), urinary tract infection with Citrobacter koseri
(n = 1)], and a chronic disease was reported in four cases
[atrial septal defect II (n = 1), patent foramen ovale (n = 1),
persistent airway infection (n = 1), hereditary (primary)
lymphedema (n = 1)]. In four children, a malformation was
reported [asymmetry of the skull (n = 1), cleft palate (n = 1),
hypertrophy of the pylorus (n = 1), and pre-vesical distension
of the ureter on the left (n = 1)].

In five patients, a Meckel’s diverticulum (omphalomesen-
teric duct) and in two further patients, intestinal polyps were
detected. Another potential intestinal predisposition was
documented for two children [small inguinal hernia (n = 1),
transverseoptosis with loop formation of the colon and unu-
sual high site of the cecum (n = 1)].

Two cases had previously experienced an intussusception.
The most frequently reported signs and symptoms were
vomiting, abdominal pain, hematochezia, pallor, and reduced
food intake (Table 3).
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The ileo-colic type of intussusception accounted for 89 of
the 116 cases (76.7%), 3 (2.6%) were of the colo-colic type, 5
(4.3%) of the ileo-ileal type, and in 19 cases (16.4%), localiza-
tion was not clearly specified.

Management of intussusception and treatment outcomes

In a total of 110 cases (94.8%), non-operative reduction attempts
were recorded. The most frequently reported non-operative
reduction method was ultrasound-guided hydrostatic reduction
with sodium chloride (n = 75, 64.7%) followed by x-ray guided
contrast enema reduction (n = 20, 17.2%); 40 of the 116 cases
(34.5%) underwent surgery 34 of whom had previously been

treated with unsuccessful non-operative reduction (Table 4). In
8 patients (6.9%), a partial bowel resection had to be conducted
and 3 patients (2.6%) required a revision surgery. In 9 patients
(7.8%), recurrent intussusception was observed. All patients
recovered, 108 (93.1%) without and 8 (6.9%) with sequelae
(partial bowel resection), there were no fatal outcomes.

Rotavirus and other vaccine exposures

Copies of the child’s certificate of vaccinations were provided
for 114 cases (98.3%) and 266 controls (97.8%). In our study
covering the years 2010 to 2014, 48.3% of the cases and 46.3%
of the controls received at least one dose of rotavirus vaccine,

162 case reports

118 case reports with inclusion 
criteria met and classified BC level 1 
and with telephone interview

126 case reports with inclusion 
criteria met and classified BC level 1

19 participating centres with 
1 to 19 case reports

116 case reports with inclusion criteria 
met and classified BC level 1 and with 
telephone interview and matched with at 
least 1 control

142 case reports
with inclusion criteria met

19 case reports 
inclusion 
criteria not met

16 case reports 
not classified as 
BC level 1

8 case reports lost
to follow up (no te-
lephone interview)

2 case reports
lacked a matching 
control

272 controls
34 x 1 control per case
38 x 2 controls per case
26 x 3 controls per case
10 x 4 controls per case

5 x 5 controls per case
2 x 6 controls per case
1 x 7 controls per case

&

1 duplicate

Figure 1. Flowchart of recruitment. BC Brighton Collaboration criteria for intussusception; level 1 highest level of diagnostic certainty.

Table 1. Demographic characteristics of intussusception cases (BC level 1) and matched controls; comparison among study groups (n = 388).

Characteristic Cases (n = 116) Population-based controls (n = 272) Comparison among study groups (cases vs. controls)

Caucasian n/N (%)
105/115 (91.3)

n/N (%)
254/272 (93.4)

Chi-Square test
χ = 0.5200
p = .4708

Gender
Male
Female

n (%)
82 (70.7)
34 (29.3)

n (%)
186 (68.4)
86 (31.6)

Chi-Square test
χ = 0.2027
p = .6526

Age (days)a Median (Min–Max)
218.0 (44–363)

Median (Min–Max)
219.5 (44–363)

Two-sample t-test
t value = −0.14, df = 386,

p = .8899
Birthweight (g) Median (Min–Max)

3,500 (2,150–4,390)
Median (Min–Max)
3,540 (1,400–5,050)

Wilcoxon two-sample test
Z value = −1.1817,

p = .2373
Length at birth (cm) Median (Min–Max)

52 (45–56)
Median (Min–Max)

52 (40–60)
Two-sample t-test

t value = 0.20, df = 385,
p = .8423

n number; N total number of participants with available information; Min minimum; Max maximum; BC Brighton Collaboration criteria for
intussusception; level 1 highest level of diagnostic certainty; aage at index date: cases: date of symptom onset, controls: day of life on which
the matching case experienced first symptoms of intussusception.
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42.2% of the cases and 45.6% of the controls completed the
immunization series with rotavirus vaccine. Thirty-five cases
(30.2%) were vaccinated with RV1 and 21 (18.1%) with RV5.
Seventy-eight controls (28.7%) received RV1 and 48 (17.6%)

RV5. Prior to intussusception, eleven cases (9.5%) had
received rotavirus vaccine dose 1, 30 cases (25.9%) dose 2,
and 15 cases (12.9%) dose 3. Absolute and relative frequencies
of rotavirus and other relevant vaccine exposures (last dose
prior to index date) in cases and controls are shown in
Table 5.

Explanatory variables other than vaccines

Absolute and relative frequencies for explanatory variables
related to pregnancy, delivery, preterm birth, low and high
birth weight, weight for age, nutrition, diseases, surgeries, and
family history of intussusception are presented in Table 6.

Univariate logistic regression analyses

Regarding vaccine exposures, explanatory variables with
p < .25 in the univariate logistic regression analysis included
administration of rotavirus life vaccine dose 1, hexavalent
(DTPa-IPV-Hib-Hep-B) vaccine dose 1, pneumococcal con-
jugate vaccine dose 1, and meningococcal C vaccine dose 1
(Table 5). Since rotavirus, hexavalent, and pneumococcal
conjugate vaccines are usually being administered concomi-
tantly, these variables were highly correlated. This was con-
firmed by calculating Spearman’s correlation coefficients
(r = 0.41485 for exposure to rotavirus vaccine dose 1 and
hexavalent vaccine dose 1; r = 0.34263 for exposure to rota-
virus vaccine dose 1 and pneumococcal conjugate vaccine
dose 1; r = 0.63290 for exposure to hexavalent vaccine dose
1 and pneumococcal conjugate vaccine dose 1). Exposures to
pentavalent (DTPa-IPV-Hib), Hep B monovalent, measles,
mumps, rubella, and varicella vaccines did not fall below
p = .25 in the univariate logistic regression analysis (data
not shown).

Explanatory variables with p < .25 in the univariate logistic
regression analysis regarding exposures apart from vaccina-
tions comprised nutrition (breastfeeding, formula milk, and
supplementary food) in the month of index date, low birth-
weight (<2500 g), and family history of intussusception
(Table 6).

Multiple logistic regression analysis

The following variables were entered in the multiple logistic
regression model (step 0) with backward elimination as vari-
able selection method: rotavirus life vaccine dose 1, hexavalent
vaccine dose 1, pneumococcal conjugate vaccine dose 1,
meningococcal C vaccine dose 1, breastfeeding at the month
of index date, formula milk at the month of index date,
supplementary food at the month of index date, low birth
weight (<2500g), and family history of intussusception
(Table 7).

The following variables being significantly associated with
intussusception (p < .05) stayed in the multiple logistic regres-
sion model (step 6) at the end of the backward elimination
variable selection procedure (Table 8):

Figure 2. Month of life at symptom onset in intussusception cases (BC level 1)
(n = 116); BC Brighton Collaboration criteria for intussusception; level 1 highest
level of diagnostic certainty.

Table 2. Clinical characteristics of intussusception cases (BC level 1) (n = 116).

Characteristic Median Min–Max

Age at onset of symptoms (days) 218 44–363
Time interval between symptoms onset

and hospitalization (days)
1.0 0 – 10

Weight at hospitalization (g) 8,130 3,200–12,300
Length at hospitalization (cm) 71 51 – 81

n/N %
Fever at hospitalization$ 15/108 13.9
Gastroenteritis at hospitalization$ 31/107 29.0
Pathogenic microorganism detected$ 10/31 patients with

gastroenteritis
32.3

Other concomitant acute disease$ 21/113 18.6
Concomitant chronic disease$ 4/106 3.8
Cystic fibrosis 0/116 0.0
Henoch-Schönlein purpura 0/116 0.0
Hirschsprung’s disease 0/99 0.0
Gastroschisis 0/110 0.0
Malrotation 0/68 0.0
Meckel’s diverticulum 5/99 5.1
Intestinal polyps 2/97 2.1
Other potential intestinal predisposition 2/94 2.1
Malformation 4/103 3.9
Previous intussusception 2/111 1.8

n number; N total number of participants with available information; Min
minimum; Max maximum; BC Brighton Collaboration criteria for intussuscep-
tion; level 1 highest level of diagnostic certainty; $according to information
obtained from the clinic.
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(1) rotavirus life vaccine dose 1 (aOR 5.74, 95% CI:
1.51–21.79), p = .0102;

(2) breastfeeding at the month of index date (aOR 0.54,
95% CI 0.33 − 0.88), p = .0139, and

(3) family history of intussusception (aOR 3.26, 95% CI
1.09 − 9.77), p= .0352.

Interactions between variables were not identified.

Age at rotavirus vaccination and overall risk for
intussusception associated with rotavirus vaccines in the
first year of life

Age at the start of the rotavirus immunization series did not
modify the risk for intussusception. In cases, the median age
at administration of rotavirus life vaccine dose 1 was 71 days
(range 36–139 days) and, in controls, 68 days (range
42–148 days). Age at the start of immunization series with
rotavirus life vaccine was not statistically different for cases
and controls (two-sample t-test: t value = 0.32, df = 180,
p = .7494). The distribution for age at the start of immuniza-
tion series with rotavirus vaccines is shown in Figure 3 a,b.
Irrespective of whether rotavirus vaccine was administered

Table 3. Signs and symptoms of intussusception in cases (BC level 1) (n = 116).

Characteristic n %

Inconsolable crying
Present 32 27.6
Absent 71 61.2
N.a. 13 11.2

Reduced food intake
Present 58 50.0
Absent 22 19.0
N.a. 36 31.0

Dehydration
Present 39 33.6
Absent 54 46.6
N.a. 23 19.8

Lethargy
Present 35 30.2
Absent 63 54.3
N.a. 18 15.5

Pallor
Present 60 51.7
Absent 30 25.9
N.a. 26 22.4

Hypovolemic shock
Present 0 0.0
Absent 113 97.4
N.a. 3 2.6

Vomiting
Present 88 75.9
Absent 27 23.3
N.a. 1 0.9

Projectile vomiting patients with vomiting
Present 21 23.9
Absent 67 76.1
N.a. 0 0.0

Bilious vomiting patients with vomiting
Present 16 18.2
Absent 72 81.8
N.a. 0 0.0

Abdominal pain
Present 78 67.2
Absent 19 16.4
N.a. 19 16.4

Relieving posture
Present 27 23.3
Absent 44 37.9
N.a. 45 38.8

Abdominal defense
Present 19 16.4
Absent 83 71.6
N.a. 14 12.1

Distended abdomen
Present 21 18.1
Absent 72 62.1
N.a. 23 19.8

Bowel sounds consistent with ileus
Present 15 12.9
Absent 71 61.2
N.a. 30 25.9

Palpable resistance in the abdomen
Present 34 29.3
Absent 67 57.8
N.a. 15 12.9

Palpable resistance in the rectum
Present 4 3.4
Absent 83 71.6
N.a. 29 25.0

Rectal prolapse
Present 1 0.9
Absent 103 88.8
N.a. 12 10.3

Hematocheziaa

Present 67 57.8
Absent 43 37.1
N.a. 6 5.2

Bloody diarrhea
Present 33 28.4
Absent 69 59.5
N.a. 14 12.1

Red currant jelly stool
Present 14 12.1
Absent 76 65.5
N.a. 26 22.4

(Continued )

Table 3. (Continued).

Characteristic n %

Blood at digital rectal examination
Present 6 5.2
Absent 26 22.4
N.a. 84 72.4

n number; N.a. not available; BC Brighton Collaboration criteria for intussuscep-
tion; level 1 highest level of diagnostic certainty; afresh blood from the rectum
with or without stool.

Table 4. Managementa of intussusception and treatment outcome (BC level 1)
(n = 116).

Characteristic n %

Non-operative reduction
Ultrasound-guided
with H2O 7 6.0
with NaCl 75 64.7
medium not specified 7 6.0
X-ray guided
with contrast medium 20 17.2
with air 1 0.9
No non-operative reduction 6 5.2
Surgical reductionb

laparoscopy 6 5.2
laparotomy 30 25.9
method not specified 4 3.4
No surgical reduction 76 65.5
Therapy outcome
recovered without sequelaec 108 93.1
recovered with sequelaec 8 6.9
death 0 0.0

n number; BC Brighton Collaboration criteria for intussusception; level 1 highest
level of diagnostic certainty; H2O water; NaCl sodium chloride; amultiple
answers possible; b 34 children who underwent surgery had previously
received unsuccessful non-operative treatment; cpartial bowel resection classi-
fied as permanent damage.
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prior to or following index date, 15 of 56 rotavirus-vaccinated
cases (26.8%) and 31 of 126 rotavirus vaccinated matched
controls (24.6%) received rotavirus life vaccine dose 1 later
than day 84 of life, i.e., aged older than 12 completed weeks of
life (Chi-square test: χ = 0.0978, p = .7545; OR 1.26; 95% CI:
0.63–2.53). Three of the eleven cases (27.3%) with rotavirus
life vaccine administration prior to symptom onset and 4 of
the 9 controls (44.4%) with rotavirus life vaccine administra-
tion prior to index date (day of life on which the matching
case had symptom onset) were older than 84 days at start of
the immunization series with rotavirus life vaccine. Rotavirus
vaccines did not affect the overall risk for intussusception in
the first year of life: 56/116 cases (48.3%) and 119/272
matched controls (43.8%) were vaccinated with rotavirus vac-
cines (any dose) prior to index date (Chi-square test:
χ = 0.4121; OR 1.09; 95% CI: 0.66–1.81).

Sensitivity analyses

The complete case analysis yielded results that were equiva-
lent to the primary analysis in which the missing values were
imputed. Multiple regression analysis conducted using two
further methods of variable selection, forward and stepwise,
revealed identical results.

Median time interval between administration of rotavirus
life vaccine dose 1 and symptom onset was 17 days (range 0 to
272 days) with all values but one outlier (272 days) being

within a 42-day period. Accounting for risk windows with
respect to vaccinations revealed that despite wide confidence
intervals the effect for rotavirus dose 1 was stable. The aOR
for rotavirus vaccination dose 1 in the 14-, 21-, 28-, 35-, and
42-day risk windows were

● 14-day risk window: aOR 6.10 (95% CI: 1.08–34.35),
p = .0404;

● 21-day risk window: aOR 5.66 (95% CI: 1.39–23.03);
p = .0155;

● 28-day risk window: aOR 5.68 (95% CI: 1.44–22.43),
p = .0132;

● 35-day risk window: aOR 5.46 (95% CI: 1.37–21.71),
p = .0159, and

● 42-day risk window: aOR 5.89 (95% CI: 1.52–22.83),
p = .0103.

Investigating the above-specified risk windows following
administration of doses 2 and 3 failed to find associations
with intussusception (data not shown).

Capture-recapture analysis

The two largest study centers contacted together a total of 52
families with potentially eligible intussusception cases 34
(64.4%) of whom gave informed consent and participated in
the case–control study. All but three of these study cases could

Table 5. Vaccinations (last dose) prior to index date* as explanatory variables in intussusception cases (BC level 1) and matched controls; comparison among study
groups (n = 388).

Exposurea
Cases (n = 116)

n/N (%)
Population-based controls (n = 272)

n/N (%)
Univariate matchedb logistic regression analysis

(OR + 95% CI, p value)

Rotavirus life vaccine
Dose 1 11/116 (9.5) 9/272 (3.3) 5.94 (1.58–22.35)

p = .0084
Dose 2 30/116 (25.9) 73/272 (26.8) 0.80 (0.46–1.38)

p = .4164
Dose 3 15/116 (12.9) 37/272 (13.6) 0.92 (0.46–1.85)

p = .8091
Hexavalent (DTPa-IPV-Hib-Hep-B)c vaccine

Dose 1 16/116 (13.8) 19/272 (7.0) 2.64 (1.14–6.13)
p = .0234

Dose 2 19/116 (16.4) 44/272 (16.2) 0.86 (0.43–1.71)
p = .6623

Dose 3 64/116 (55.2) 138/272 (50.7) 1.20 (0.73–2.28)
p = .3825

Dose 4 0/116 (0.0) 1/272 (0.4) Calculation of OR not possible, p = .9917
Pneumococcal conjugate vaccine

Dose 1 17/116 (14.7) 23/272 (8.5) 2.33 (1.04–5.21)
p = .0390

Dose 2 17/116 (14.7) 45/272 (16.5) 0.78 (0.39–1.53)
p = .4652

Dose 3 64/116 (55.2) 141/272 (51.8) 1.18 (0.67–2.08)
p = .5588

Dose 4 0/116 (0.0) 1/272 (0.4) Calculation of OR not possible, p = .9917
Meningococcal C vaccine

Dose 1 4/116 (3.5) 4/272 (1.5) 3.43 (0.75–15.75)
p = .1134

Dose 2 2/116 (1.7) 7/272 (2.6) 0.68 (0.13–3.65)
p = .6541

n number of participants exposed; N total number of participants with available information; BC Brighton Collaboration criteria for intussusception; level 1 highest
level of diagnostic certainty; * index date cases: date of symptom onset, controls: day of life on which the matching case experienced first symptoms of
intussusception; a German National Immunization Program: In Germany, rotavirus vaccines may be administered from the age of 6 weeks with at least 4 weeks
between the doses 1, 2, and 3, whereas hexavalent and pneumococcal conjugate vaccines may be given from the age of 8 weeks with at least 4 weeks between
the doses 1, 2, and 3. Rotavirus, hexavalent, and pneumococcal conjugate vaccines may be administered concomitantly. Meningococcal vaccines may be given
from the age of 11 months, if desired, concomitantly with hexavalent and pneumococcal vaccine doses 4. bmatched by gender, date of birth (± 30 calendar days),
federal state, and place of residence (first digit of the zip code); ctetanus, diptheria, acellular pertussis, polio (inactivated), Haemophilus influenzae type B, hepatitis B.
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successfully be assigned to the chart records of eligible cases in
the two largest centers. The independent researcher perform-
ing the recapture investigation retrieved a total of 62 patients
with diagnosis of intussusception (ICD 10 code K56.1) 54 of
whom fulfilled the inclusion criteria. Thirty-one of these 54
eligible cases could successfully be assigned to the cases
included in the case–control study. The Chapman estimator

for undercount was 2.2 and the estimated total number of
eligible cases in these two largest centers was 59.2 (95% CI
57.5–67.0). Completeness of case capture of the two largest
study centers was estimated to be 91.0% and 94.0% for MLE
and NUE, respectively. Conversely, the completeness of case
capture of the case–control study in the two largest centers
was estimated to be 57.0% and 59.0% for MLE and NUE,

Table 6. Explanatory variables in intussusception cases (BC level 1) and matched controls; comparison among study groups (n = 388).

Exposure
Cases (n = 116)

n/N (%)

Population-based controls
(n = 272)
n/N (%)

Univariate matcheda logistic regression
analysis

(OR + 95% CI, p value)

Complications during pregnancy 35/116 (30.2) 73/272 (26.8) 1.13 (0.70–1.83)
p = .6050

Complications during childbirth 47/116 (40.5) 95/272 (34.9) 1.20 (0.76–1.90)
p = .4326

Preterm birth (birth at fewer than 37 weeks gestational
age)

4/113 (3.5) 9/270 (3.3) 0.84 (0.25–2.81)
p = .7718

Low birthweight (<2500 g) 1/116 (0.9) 11/272 (4.0) 0.15 (0.02–1.23)
p = .0779

High birthweight (>4200 g) 5/116 (4.3) 16/272 (5.9) 0.70 (0.25–1.97)
p = .5033

Small (< gender-specific 10th percentileb) for gestational
age

10/113 (8.9) 25/270 (9.3) 0.92 (0.42–2.01)
p = .8279

Large (> gender-specific 90th percentileb) for gestational
age

10/113 (8.9) 23/270 (8.5) 0.89 (0.40–1.98)
p = .7658

Breastfeeding$ at the month of index date* 50/116 (43.1) 162/272 (59.6) 0.52 (0.33–0.84)
p = .0074

Formula milk$ at the month of index date* 53/114 (46.5) 99/265 (37.4) 1.41 (0.89–2.24)
p = .1408

Supplementary food$ at the month of index date* 93/116 (80.2) 204/271 (75.3) 1.55 (0.75–3.20)
p = .2420

Food intolerance in the first year of life$ 4/113 (3.5) 13/267 (4.9) 0.66 (0.21–2.07)
p = .4754

Food allergy in the first year of life$ 2/111 (1.8) 6/268 (2.2) 0.73 (0.14–3.68)
p = .6997

Surgery prior to index date* 3/99 (3.03) 5/271 (1.85) 1.28 (0.27–5.98)
p = .7580

Family history of intussusception 9/113 (8.0) 6/271 (2.2) 3.47 (1.18–10.18)
p = .0235

n number of participants exposed; N total number of participants with available information; BC Brighton Collaboration criteria for intussusception; *index date cases:
date of symptom onset, controls: day of life on which the matching case experienced first symptoms of intussusception; $according to information obtained from
parents within the scope of a standardized telephone interview; amatched by gender, date of birth (± 30 calendar days), federal state, and place of residence (first
digit of the zip code); baccording to Voigt et al.58

Table 7. Multiple logistic regression analysis, analysis of conditional maximum likelihood estimates, step 0.

Analysis of conditional maximum likelihood estimates

Parameter DF Estimate Standard error Wald chi-Square p value aORa 95% Wald confidence limits

Rotavirus life vaccine dose 1 1 0.7358 0.3678 4.0022 0.0454 4.356 1.030 18.419
Hexavalent vaccine dose 1 1 0.0539 0.2850 0.0357 0.8501 1.114 0.364 3.403
Pneumococcal conjugate vaccine dose 1 1 0.2565 0.2716 0.8922 0.3449 1.670 0.576 4.843
Meningococcal C vaccine dose 1 1 0.7592 0.4086 3.4517 0.0632 4.565 0.920 22.648
Breastfeeding at the month of index date* 1 −0.3703 0.1609 5.2958 0.0214 0.477 0.254 0.896
Formula milk at the month of index date* 1 −0.0878 0.1621 0.2938 0.5878 0.839 0.444 1.583
Supplementary food at the month of index date* 1 0.1107 0.2128 0.2705 0.6030 1.248 0.542 2.873
Low birth weight (<2500g) 1 −0.9158 0.5540 2.7328 0.0983 0.160 0.018 1.405
Family history of intussusception 1 0.5612 0.2788 4.0500 0.0442 3.072 1.030 9.164

DF degrees of freedom; aOR adjusted odds ratio; * index date cases: date of symptom onset, controls: day of life on which the matching case experienced first
symptoms of intussusception; amatched by gender, date of birth (± 30 calendar days), federal state, and place of residence (first digit of the zip code).

Table 8. Multiple logistic regression analysis, analysis of conditional maximum likelihood estimates, step 6.

Analysis of conditional maximum likelihood estimates

Parameter DF Estimate Standard error Wald chi-Square p value aORa 95% Wald confidence limits

Rotavirus life vaccine dose 1 1 0.8739 0.3403 6.5959 0.0102 5.742 1.513 21.794
Breastfeeding at the month of index date* 1 −0.3122 0.1269 6.0531 0.0139 0.536 0.326 0.881
Family history of intussusception 1 0.5902 0.2802 4.4359 0.0352 3.256 1.085 9.767

DF degrees of freedom; aOR adjusted odds ratio; *index date cases: date of symptom onset, controls: day of life on which the matching case experienced first
symptoms of intussusception; amatched by gender, date of birth (± 30 calendar days), federal state, and place of residence (first digit of the zip code).
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respectively. This finding indicates that whereas case identifi-
cation in the participating pediatric clinics reached a high
level, several cases could not be considered due to the refusal
of parents to give informed consent.

Reasons for nonparticipation

Parents of 10 cases and of 33 controls answered our request to
specify the reasons for nonparticipation.

Parents of cases stated that they had no interest to take part
in a study (n = 2), for personal reasons (n = 6), since diagnosis
of intussusception was not confirmed (n = 1), that they were
annoyed that the attending physician did not take the parents
seriously who suspected an intussusception from the very
beginning (n = 1), that they had no time (n = 2), could not
speak enough German (n = 1), that the child had no diseases
in the first year of life (n = 1), that the child had not been
hospitalized in the time period under review (n = 1). Only
once the parents noted that they did not participate in the
study because the child was not vaccinated against rotavirus
gastroenteritis (n = 1). Three of the “missed” cases (30%) were
vaccinated against rotavirus gastroenteritis, 4 (40%) were not
and for 3 cases (30%) information was not available.

In controls, parents stated that they had no interest to take
part in a study (n = 7), they did not understand the study
design (n = 6), for personal reasons (n = 8), for lack of time
(n = 2), because the child was born abroad (n = 2), because
they could not speak enough German (n = 2), they had
a healthy child so, there was no need to participate in
a study (n = 6), because the family lived in another federal
state in the child’s first year of life (n = 2), data in the
invitation letter apparently would not match with the data
of the own child (n = 8). Five children (15.2%) were

vaccinated against rotavirus gastroenteritis, 13 (39.4%) were
not, and for 15 subjects (45.5%) information was missing.

Discussion

Main findings

In this case–control study, the administration of rotavirus
vaccine dose 1 was associated with a 5.7-fold increased odds
ratio for intussusception. This finding is in line with other
studies on rotavirus vaccination and intussusception22–36

albeit in our study the risk window was not limited to
14 days post-vaccine. This may be linked to the fact that
both rotavirus vaccines, RV1 and RV5, contain life viruses,
which are excreted into stool after vaccination.19,20 In a study
conducted in Malawi, RV1 fecal shedding was detected in
68% of vaccinated infants with proportions of infants with
RV1 vaccine virus shedding being 43% and 53% up to day 10
after administration of RV1 dose 1 and dose 2, respectively.42

An Australian study detected RV5 in stool samples from
87%, 57.4%, and 47.3% of children after administration of
RV5 doses 1, 2, and 3 and found the median (interquartile
range) shedding duration to be 3 (1–8), 1.5 (1–3), and 1
(1–2), weeks, respectively.43 Maximum shedding durations
were 13 (dose 1), 9 (dose 2), and 14 (dose 3) weeks.43 Age at
the start of immunization series against rotavirus gastroen-
teritis was not found to modify the association between
administration of rotavirus vaccine dose 1 and intussuscep-
tion. In this study, there was no increased odds ratio for
intussusception following administration of doses 2 and 3
whereas some observational studies reported a slightly ele-
vated risk post dose 2.44 Furthermore, the overall risk of
intussusception in the first year of life associated with rota-
virus vaccines (any dose) was not increased. This supports

Figure 3. Week of life at rotavirus vaccination dose 1 in intussusception cases (BC level 1) (n = 56) and population-based controls (n = 126); BC Brighton
Collaboration criteria for intussusception; level 1 highest level of diagnostic certainty.
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the notion that the excess intussusception cases that can be
ascribed to the administration of dose 1 will be compensated
by the end of the first year of life. So, one interpretation
would be that dose 1 changes the timing rather than the risk
for intussusception by triggering intussusception in vulner-
able infants45 Another interpretation would be that rotavirus
vaccination decreases the long-term risk for intussusception
by preventing natural rotavirus infection. This assumes that
natural rotavirus infection can cause intussusception, as has
been suggested by Konno et al. in 197846 albeit not by
others.7,16-18 A not increased long-term risk of intussuscep-
tion is consistent with recently published research: Based on
insurance claims data, the Centers for Disease Control and
Prevention found a non-significant decrease in intussuscep-
tion (hazard ratio, 0.79 [95% CI, 0.57–1.09]) in fully rota-
virus-vaccinated US children followed up to the age of
2 years.47

One other independent risk factor, family history of intus-
susception, was identified. Considering the reports on familial
intussusception,48–50 there may be subjects who are disposed
to intussusception. Although a family history of intussuscep-
tion has not been classified as a contraindication for rotavirus
vaccination, it may be advisable to ask for a family history of
intussusception on a routine base prior to rotavirus vaccina-
tion and to recommend immediately seeking medical help
when noticing first symptoms.

In our study, breastfeeding was identified as a protective
factor. This finding is consistent with a case–control study
conducted in Italy where exclusive breastfeeding was linked to
halving the odds ratio for intussusception.51

Strengths

We included intussusception cases from all over Germany
with residence in 12 of the 16 federal states and across all
first digits of the 5-digit zip code and used population-based
controls as well as very stringent matching criteria. In addi-
tion, we chose as index date the date of symptom onset in
cases and the day of life on which the matching case experi-
enced first symptoms in controls. This guarantees that cases
and controls were from a common population and, most
importantly, takes account of gender- and age-specific back-
ground incidence rates. In addition, the age distribution of
our intussusception cases (Figure 2) is in line with published
data.2 Therefore, the study results are supposed to be gen-
eralizable to the German infant population less than 1 year
of age.

Cases were independently validated according to the cri-
teria defined by the Brighton Collaboration by two pediatri-
cians blinded for vaccine exposure status and eligibility was
restricted to the highest diagnostic certainty (level 1), thus
reducing the risks for both selection and ascertainment bias.

Information on tradenames and batch numbers of vac-
cines as well as vaccination dates originated from the child’s
international certificate of vaccination or more precisely,
a copy thereof which was obtained from the patient’s par-
ents. In general, this document is up to date and besides
entries like the vaccine-preventable disease and vaccination
dates, usually, for each vaccination, contains a stuck in label

with tradename, batch number, and expiry date. Copies of
the certificates of vaccination were available for 380 of the
388 study participants (97.9%). Thus, the information
obtained on vaccinations in the first year of life is supposed
to be very reliable.

Selection bias may be an issue in pharmacoepidemiological
studies especially in case the suspected association between
drug and adverse event is known among health professionals
and consumers. Since vaccine exposures were not recorded by
the study centers, the risk of bias due to preferential inclusion
of cases exposed to rotavirus vaccine by investigators is sup-
posed to be low.

To specifically address the risk of selection bias, a second
investigation was conducted by an independent researcher in
the two largest study centers. It revealed that the case–control
study primarily “missed” cases due to the refusal of parents to
give informed consent since case capture (prior to seeking
written informed consent) of the two largest study centers was
estimated to be 91.0% and 94.0% for MLE and NUE, respec-
tively. To find out why parents declined the invitation to
participate in the study we asked them to specify the reasons.
The parents’ responses (not focusing on rotavirus vaccina-
tion) indicated that the risk for selection bias due to unequal
nonparticipation was negligible.

Limitations

The level of evidence regarding the results of observational
studies is, of course, lower as compared to interventional
clinical trials, but as intussusception following rotavirus vac-
cine is a rare adverse event, randomized controlled clinical
trials prior to authorization with sample sizes of more than
60,000 children failed to exclude a risk for intussusception of
<1 additional case per 10,000 doses administered.19,20

Against this background, findings originating from pharma-
coepidemiological studies add to the body of knowledge,
especially regarding vaccine safety. The case–control design
was chosen because it is particularly suitable for rare
diseases.

Planning for this study was done in 2014, recruitment
started in May 2015 including individuals who had been
treated for intussusception between January 2010 and
December 2014. Five federal states (Bundesländer) had
recommended rotavirus vaccination prior to 2013 (therefore
federal state was one of the matching criteria). Although
several health insurance companies in Germany, already
since 2008, reimbursed rotavirus vaccination prior to the
national vaccination recommendation, we cannot totally
exclude a healthy user bias (infants vaccinated in a time
period might be healthier, living in families with higher socio-
economic status/educational level and having a healthier life-
style). However, the impact of such an effect on the outcome
variables remains unknown.

The limited sample size caused confidence intervals to be
wide and precluded performing separate analyses for the two
rotavirus life vaccines on the European market. This short-
coming may be overcome by taking the results of previous
epidemiological studies into consideration. In the meantime,
it is well established that both second-generation rotavirus
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vaccines are associated with intussusception. Of note, in this
study, cases and controls had a comparable uptake of RV1
and RV5, respectively.

The information obtained via a standardized telephone inter-
view with the parents of cases and controls may be compromised
by recall bias since this was a retrospective study. This is not a big
issue unless it affects cases and controls differently. For example,
it may be difficult for parents of population-based controls to
remember exactly when in the first year of life the child had
gastroenteritis (a common pediatric disease) whereas parents of
cases usually remember very well that the child had gastroenter-
itis at the time of hospitalization. Indeed, gastroenteritis prior to
hospitalization was found to be a risk factor for intussusception
in two other recently published case–control studies on
intussusception.51,52

There was clinical information that was only obtained for
cases so that several variables, e.g. anatomical features like the
presence of Meckel’s diverticulum, due to lacking information
for controls, could not be included in the multiple logistic
regression analysis, although these may nevertheless represent
risk factors.53–55 Since only a limited number of explanatory
variables could be considered, chances are that there was unmea-
sured confounding.56

Due to the fact that hexavalent, pneumococcal conjugate,
and rotavirus life vaccines are usually being administered
concomitantly, the effects for the respective variables were
highly correlated. For this reason, as a method of variable
selection, a backward elimination procedure was used. The
obtained results were confirmed by using two further variable
selection methods (forward and stepwise).

Conclusions

This study conducted in Germany demonstrated in an
infant population less than 1 year of age that administra-
tion of rotavirus life vaccine dose 1 was associated with
a 5.7-fold increased odds ratio for intussusception. Age at
the start of immunization series did not modify this risk
and rotavirus vaccines did not affect the overall risk for
intussusception in the first year of life. One further risk
factor for intussusception, family history of intussusception,
was identified whereas breastfeeding was found to have
a protective effect.

Patients and methods

German pediatric clinics from all over Germany were invited
by mail to participate in the German Intussusception Study.

Case identification

Participating centers were asked to identify from their patient
population individuals with place of birth and residence in
Germany who had been treated for intussusception (ICD 10
code K56.1 at discharge from hospital) between January 2010
and December 2014 in a German pediatric clinic and who had
been less than 1 year old at the time of intussusception.
Parents of patients fulfilling the inclusion criteria were con-
tacted by the centers to obtain written informed consent to

transcribe recorded data (including demographics, medical
history, nutrition, examinations, relevant findings, and ther-
apy) to a standardized case report form (CRF).

Case ascertainment and validation

The CRFs were independently validated by two pediatricians
(DM and IB) according to the criteria of intussusception as
an adverse event following immunization (AEFI) defined by
the Brighton Collaboration57 blinded for the patient’s and
the center’s identity and the exposures to potential risk
factors including vaccination. In case of discrepant expert
validations, the pediatricians were asked to reevaluate the
case. An agreement was achieved by thoroughly recapitulat-
ing the criteria laid down in the Brighton Collaboration case
definition57 and discussing the case. Case reports fulfilling
the criteria of BC level 1 (highest diagnostic certainty) were
eligible.

Population-based controls

Cases and controls ought to be recruited from a common
German pediatric population. For this purpose, addresses of
potential population-based controls with place of birth and
place of residence in Germany were identified by the regional
registration offices and transmitted to the study secretary.
Parents of potential controls were contacted by study person-
nel to obtain written informed consent. Exclusion criterion
was treatment for intussusception from January 2010 through
December 2014.

Matching

Validated cases of intussusception were matched with popula-
tion-based controls by date of birth with a tolerance of ±30
calendar days, gender, federal state (due to slightly discrepant
local vaccination recommendations in the 16 German federal
states), and place of residence (first digit of the zip code) in
a ratio of at least 1:2.

Index date

The index date for cases was the date of symptom onset. For
controls, the index date was the day of life on which the
matching case experienced the first symptoms of
intussusception.

Exposures

Information on birth weight, weight for age, preexisting or
concomitant medical conditions, predispositions, as well as
vaccinations was obtained within the scope of a standardized
telephone interview by the study personnel with parents of
cases as well as population-based controls. As reference data
for small and large for gestational age children, the percentiles
of body measurements of newborns in Germany published by
Voigt et al.58 were used. To confirm the type and date of
vaccinations, parents of cases and controls were asked to send
a copy of the international vaccination certificate. In this
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document, all immunizations are being entered by the attend-
ing pediatrician including vaccination date, tradename of the
vaccine, batch number, stamp, and seal of the physician who
administered the vaccine. Usually, one of the labels supplied
by the vaccine manufacturer is inserted for each vaccination.
When assessing vaccine exposures, the last dose prior to index
date was considered.

Reasons for nonparticipation

Refusal to give informed consent may be associated with selec-
tion bias. To find out why parents declined the invitation to
participate in the study we asked them to specify the reasons
therefore in plain text allowing them to give as many reasons as
they desired. In addition, we asked whether the child had been
vaccinated against rotavirus gastroenteritis. The nonparticipat-
ing families gave consent that the given reasons for nonpartici-
pation may be analyzed for study purposes.

Capture-recapture analysis

In case of a known association between risk factor and
outcome, there is always a risk of selection bias. Within
the scope of a capture-recapture analysis,59,60 the complete-
ness of case capture was investigated for the two largest
participating centers. For this purpose, these were contacted
and asked to give consent to have a secondary investigation
carried out on-site by an independent researcher. As soon
as the written agreement was received, a contract was con-
cluded defining the modalities of study conduct, data pro-
tection, as well as rights and obligations of the contracting
parties. Upon receipt of written consent, an appointment
was made with the contact person of the center. Patients
with a confirmed diagnosis of intussusception (ICD 10 code
K56.1 at discharge from hospital) from January 2010
through December 2014 who were less than 1 year old at
the time of hospitalization were included. Data linkage was
performed manually on multiple variables including year of
birth, gender, date of hospitalization, concomitant diseases,
and therapy.

Based on both independent investigations (centers [cap-
ture], an on-site investigation [recapture]) an estimate for
“undercount” according to Chapman61 was determined. In
addition, two estimates for the completeness of case capture
were determined using the Maximum Likelihood Estimator
(MLE)59,62 and the Nearly Unbiased Estimator (NUE).61,63

The two estimators use slightly different methods to calcu-
late “the unobserved cell,” i.e., the number of cases that
were captured neither by source 1 nor by source 2. This
difference has well been described by Hook and Regal
1995.60

Outcomes

(I) Primary outcome was to identify risk factors for
intussusception with a special focus on rotavirus
vaccines.

(II) Two secondary research questions were to be
addressed:

a. Does age at the start of the immunization series
with rotavirus vaccines modify the risk for
intussusception?

b. Do rotavirus vaccines affect the overall risk for
intussusception in the first year of life?

The outcomes were used for defining and taking risk-
minimizing measures regarding rotavirus vaccination.

Data management

In-house monitoring, queries, double independent data entry,
as well as computer-assisted plausibility checks were used to
guarantee a high data quality.

Statistics

Descriptive analyses
Absolute and relative frequencies were calculated for qualita-
tive variables, median, minimum, and maximum for quanti-
tative variables. Depending on frequencies and distribution
characteristics, differences in characteristics between cases
and controls were tested by using Chi-square/Fisher’s Exact
test for qualitative variables and Student’s t-test/Wilcoxon
two-sample test for quantitative variables.

Primary outcome
Univariate and multiple logistic regression analyses with
intussusception as dependent variable were performed to
identify factors associated with the disease. To quantify the
strength of the association, odds ratios (OR) and 95% con-
fidence intervals (CI) were calculated.

Variable selection is a typical exploratory exercise in multi-
ple logistic regression analysis when the investigator is inter-
ested in identifying important prognostic factors from a large
number of candidate variables. Only covariates that were
associated with intussusception (p < .25) in the univariate
analyses were entered in the multiple logistic regression
model. Multiple imputation was applied to account for miss-
ing data in the covariates. Using a backward elimination
method, only covariates associated with intussusception
(p < .05) in the multiple logistic regression analysis stayed in
the final model. Interactions between covariates were assessed
as well.

A p value <.05 was considered statistically significant. Due
to the exploratory character of the study, α adjustment was
not performed.

Secondary outcomes
Within the logistic regression analysis, the interaction
between rotavirus vaccination and age at rotavirus vaccination
>12 completed weeks of life was assessed. In addition, age at
rotavirus vaccination dose 1 was compared between cases and
controls using a two-sample Student’s t-test.

In addition to dose-specific analyses, the overall risk for
intussusception in the first year of life with respect to rota-
virus vaccines was assessed in the logistic regression analysis
by combining the exposures to doses 1, 2, and 3 (any dose).
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Sensitivity analyses
A complete case analysis was performed to investigate
whether the missing data were differential. In addition, the
multiple logistic regression analysis was repeated with two
other methods of variable selection, forward and stepwise, in
order to investigate whether and how the results were influ-
enced by the method of variable selection. Regarding stepwise
and forward selection, for all variables not in the model, the
one with the smallest p value was entered if the p value was
less than or equal .05. Regarding stepwise selection, for all
variables in the model, the one with the largest p value was
removed if the p value exceeded .05.

To account for risk windows following immunization, the
multiple regression analysis was repeated for specified time
intervals between vaccination and intussusception.

Statistical software
All statistical analyses were performed using the software
package SAS, version 9.4 (SAS Institute Inc. Cary, NC, US).

Abbreviations

ACIP Advisory Committee on Immunization Practices
AEFI Adverse event following immunization
aOR Adjusted odds ratio
BC Brighton Collaboration criteria for intussusception
CI Confidence interval
cOR Crude odds ratio
CRF Case report form
DTPa-IPV-Hib-Hep-B diphtheria, tetanus, acellular pertussis, inacti-

vated polio, Haemophilus influenzae type B,
hepatitis B combined vaccine

ICD International Classification of Diseases
MLE Maximum Likelihood Estimator
NUE Nearly Unbiased Estimator
OR Odds ratio
PEI Paul-Ehrlich-Institut
STIKO Ständige Impfkommission
RRV-TV Tetravalent rhesus-based rotavirus vaccine
RV1 Rotarix
RV5 RotaTeq
US United States
VAERS Vaccine Adverse Event Reporting System.
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