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Abstract  

Objective: Th e o bjec t iv e o f  t h e pr esen t  s t u d y  wa s t o  in v est iga t e t h e r isk  

f a c t o r s  f o r  in t u ssu sc ept io n  (IS) a mo n g  in f a n t s, in c l u d in g  v a c c in a t io n  

a g a in st  r o t a v ir u s.  

Methods: Ca se-c o n t r o l  s t u d y  w it h  sy s t ema t ic  in c l u s io n  o f  a ll  in f a n t s  

a g ed  <1 y ea r  w it h  su spec t ed  IS a d mit t ed  t o  emer g en cy  d epa r t men t s  in  

t h e ea st er n  r eg io n  o f  Fr a n c e bet ween  1 Apr il  2008 an d  31 Ma r c h  2012. Al l  

c a ses c l a ssed  l ev el  1 a c c o r d in g  t o  t h e Br ig h t o n  c l ass if ic a t io n  wer e 

ma t c h ed  t o  4 h o spit a l  c o n t r o l s . Two  ex po su r e w in d o ws wer e ex a min ed ; 

ex po su r e t o  t h e f ir s t  d o se o f  r o t a v ir u s v a c c in e in  t h e 7 a n d  in  t h e 14 d a y s 

pr io r  t o  t h e o c c u r r en c e o f  IS. 

Results: A t o t a l  o f  115 c a ses wer e ma t c h ed  w it h  457 c o n t r o ls . The average 

vaccination coverage rate over the 4 years of study was 8.6%. Ro t a v ir u s v a c c in e wa s  

n o t  f o u n d  t o  be s ig n if ic a n t l y  a sso c ia t ed  w it h  t h e oc c u r r en c e o f  IS in  t h e  

7 d a y s (o d d s r a t io  (OR) n o t  c a l c u l a t ed ; p=0.99) a n d in  t h e 14 d a y s a f t er  

a d min is t r a t io n  o f  o n e d o se v a c c in e (OR 1.33, 95% c on f id en c e in t er v a l  (CI) 

0.14-12.82). In f a n t  f o r mu l a  a l o n e o r  c o mbin ed  w it h  br ea st f eed in g  wa s  

a sso c ia t ed  w it h  a n  ex c ess r isk  o f  IS (OR 2.74, 95% CI 1.10 – 6.79). A h is t o r y  o f  

g a st r o en t er it is  w it h in  2 week s pr io r  t o  h o spit a l isat io n  wa s a l so  

a sso c ia t ed  w it h  a n  in c r ea sed  r isk  (OR 2.24, 95% CI 1.07-4.67).  

Conclusion: Ou r  s t u d y  in d ic a t es t h a t  in f a n t  f o r mu l a  a l o n e o r  c o mbin ed  

w it h  br ea st f eed in g  is  a n  r isk  f a c t o r  f o r  IS. A sma ll , n o n -s ig n if ic a n t  

in c r ea se in  t h e r isk  o f  IS wa s o bser v ed  a f t er  r o t a vir u s v a c c in a t io n , 

a l t h o u g h  t h e l o w  v a c c in e c o v er a g e r a t e l ik e l y  pr ec lu d ed  d et ec t io n  o f  

a  s ig n if ic a n t  in c r ea se in  r isk .  

 

Key words: In t u ssu sc ept io n  – In f a n t s  – c a se-c o n t r o l  s t u d y - r ot a v ir u s 
v a c c in e –r isk  f a c t o r s  



 

 

 

 

 

 

 

 

 

Authors’ contributions :  

We confirm that all authors have made substantial contributions to the conception and design, 

or acquisition of data, or analysis and interpretation of data, or to the drafting of the article or 

its critical revision of important intellectual content. Further, we confirm that all authors have 

given final approval of the version to be published 

and its submission to the European Journal of Pediatrics. 

In particular, each author made the following contributions: 

Arnaud Fotso kamdem : Dr Fotso Kamdem, coordinated the study, aided in data collection, 

wrote and reviewed the manuscript. 

Chrystelle Vidal: Ms Vidal designed the study and carried out the analyses. 

Lionel Pazart: Dr Pazart designed the study, revised and reviewed the initial manuscript of the 

study. 

Aurore Pugin: Ms Pugin carried out the analyses. 

Caroline Savet : Ms Savet was the clinical research assistant and carried out data collection. 

Franck Leroux : Mr Leroux was data manager and aided in data collection.  



Geoffroy Sainte-Claire Deville: Mr Sainte-Claire Deville managed regulatory, ethical and 

administrative approach to the study, revised and reviewed the the initial manuscript of the 

study. 

Didier Guillemot: Pr Guillemot conceptualized, designed the study, revised and reviewed the 

initial manuscript of the study. 

Jacques Massol: Pr Massol conceptualized, designed the study, revised and reviewed the 

initial manuscript of the study. 

and all authors approved the final manuscript as submitted.  

 

Acknowledgements: 

The authors thank the members of the diagnosis committee:  

Professor Catherine Adamsbaum (University hospital Le Kremlin Bicêtre - Paris), Doctors 

Hélène Chappuy (Necker children’s hospital - Paris), Elisabeth Marc (University hospital Le 

Kremlin Bicêtre - Paris), Caroline Chamond (Hôpital Privé de l'Estuaire - Le Havre), Vincent 

Gajdos (University hospital Antoine Béclère - Clamart ). 

The authors also thank Professors Marie-Laure Poli-Merol (American Memorial Hospital 

Reims), Didier Aubert (University Hospital Besançon), Rémi Besson (University hospital 

Lille); Doctors Aline Ranke (University hospital Nancy), Stephan Geiss, (Hospices de 

Colmar), Raphaël Moog (University hospital Strasbourg), Joséphine Lirussi-Borgnon 

(University Hospital Dijon), Emmanuel Pierre (General Hospital Metz-Thionvile); and 

Stéphanie François (CIC-BT, University hospital Besançon). 

The authors also thank Fiona Ecarnot (EA3920, University Hospital Besancon, France) for 

translation and editorial assistance. 

 



 Funding Source: This study was funded by grants from Sanofi Pasteur MSD and 

GlaxoSmithKline Biologicals SA (Study number: 109083). 

 

 

 

 

 

 



 1

A Case-Control Study of Risk Factors for Intussusception Among Infants in Eastern 1 

France after the Introduction of the Rotavirus Vaccine 2 

 3 

Abstract  4 

Objective: The object ive of the present  study was to invest igate the r isk factors for  5 

intussuscept ion (IS) among infants, including vaccinat ion against  rotavirus.  6 

Methods: Case-control  study with systemat ic inclusion of all  infants aged <1 year  with 7 

suspected IS admitted to emergency depart ments in  the eastern region of France between 1 8 

Apr il  2008 and 31 March 2012. All  cases classed l evel  1 according to the Br ighton 9 

classif icat ion were matched to 4 hospital  controls. Two exposure windows were examined; 10 

exposure to the f ir st  dose of rotavirus vaccine in the 7 and in the 14 days pr ior  to the 11 

occurrence of IS. 12 

Results: A total  of 115 cases were matched with 457 controls. The average vaccination 13 

coverage rate over the 4 years of study was 8.6%. Rotavirus vaccine was not  found to be 14 

signif icantly associated with the occurrence of IS in  the 7 days (odds rat io (OR) not  15 

calculated; p=0.99) and in  the 14 days after  administrat ion of  one dose vaccine (OR 1.33, 16 

95% confidence interval  (CI) 0.14-12.82). Infant  for mula alone or  combined with 17 

breastfeeding was associated with an excess r isk of IS (OR 2.74, 95% CI 1.10 – 6.79). A 18 

history of  gastroenter it is within 2 weeks pr ior  to hospital isat ion was also associated with an 19 

increased r isk (OR 2.24, 95% CI 1.07-4.67).  20 

Conclusion: Our  study indicates that  infant  for mula alone or  combined with breastfeeding is 21 

an r isk factor  for  IS. A small , non-signif icant  increase in the r isk of  IS was observed after  22 

rotavirus vaccinat ion, although the low vaccine coverage rate l ikely precluded detect ion of a  23 

signif icant  increase in r isk.  24 

 25 

Key words: Intussuscept ion – Infants – case-control  study- rotavirus vaccine –r isk factors 26 

 27 

Abbreviations 28 

IS, intussuscept ion; OR, odds rat io; CI, confidence interval ; CRF, case report  for m; GERS, 29 

Groupement  pour  l ’Élaborat ion et  la  Réal isat ion de Stat ist iques/ Fr ench stat ist ics group; 30 

GUA, geographical  unit s of  analysis / Fr ench stat ist ics group; WA, weeks of 31 
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amenorrhea; CNIL, Fr ench data protect ion authorit y / Commission Nat ionale Infor mat ique et  32 

Libert és.  33 
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1. Introduction 34 

 35 

Intussuscept ion (IS) is one of the ma in causes of abdominal  obstruct ion in infants and young 36 

children. It  is defined as the invaginat ion of one bowel  segment  into another . The major ity of 37 

cases of IS do not  have a  pathologic l ead point and are classif ied as pr imary or  idiopathic 38 

intussuscept ions. IS is a  rare occurrence, with an incidence that  var ies between countr ies [1–39 

6]. The full  spectrum of r isk factors is not  yet clearly defined. In  1999, t he f ir st  vaccine 40 

against  rotavirus (Rotashield®, Wyeth Laborator ies, USA) was withdrawn from the market  in 41 

the USA because it  was found to be associated with an increased r isk of  IS [7]. The relat ive 42 

r isk of  IS dur ing the f irst  3 to 7 days after  administrat ion of the vaccine was 58.9 [95% 43 

confidence interval  (CI) 31.7-109.6] after  administrat ion of the f ir st  dose, and 11.0 (95%CI 44 

4.1-29.5) after  administrat ion of the second dose [8]. New oral  vaccines against  rotavirus 45 

were subsequently developed based on an attenuated virus, namely Rotar ix® (RV1, 46 

GlaxoSmithKl ine, Belgium), which has a  2-dose schedule, and RotaTeq® (RV5, Merck & 47 

Co. Inc, USA), which has a  3-dose schedule. Recent  post -market ing studies in different  48 

countr ies have shown a  sl ight  increase in r isk of IS, part icularly after  the f ir st  dose of these 49 

vaccines [9–14]. Both of these vaccines were introduced onto the market  in France in 2006.  50 

In  this context , a  large epidemiological  study (EPIstudy) was conducted in the Eastern region 51 

of France, with the pr imary object ive of invest igating the incidence of IS over  a  per iod of 4 52 

years. The results of  this epidemiological  study have previously been published [6]. The a im 53 

of the present  analysis was to invest igate the r isk factors (including rotavirus vaccinat ion) for  54 

the occurrence IS in  infants aged <1 year .  55 

 56 

2. Methods 57 

 58 

2.1. Study design  59 

We performed a case-control study based on a prospective, epidemiological registry designed 60 

to record the incidence of IS, and in which all infants aged l ess than one year  with suspected 61 

IS were systematically recorded over a period of 4 years from 1 April 2008 to 31 March 2012 62 

[6]. The current case-control study was performed in all hospitals with a pediatric emergency 63 
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department in the greater eastern region of France (namely, Alsace, Burgundy, Champagne-64 

Ardenne, Franche-Comté and Lorraine). For each case, four controls were recorded.  65 

The geographical area concerned by the epidemiological surveillance was defined to make it 66 

possible to estimate the incidence rate of IS with sufficient precision to detect an increase in 67 

annual incidence of around 50% after the introduction of vaccination against rotavirus 68 

(Appendix 1).  69 

2.2. Patient cases and controls : 70 

Inclusion criteria for cases were: age < 12 months, infants living in the study area during the 71 

study period, and presenting with suspected IS. Exclusion criteria were: age ≥12 months, 72 

infants living outside the study area, patients with a prior episode of IS or occlusion, and 73 

parental refusal to consent. Cases were classified according to the Brighton collaboration 74 

definition [15] by an independent expert committee composed of radio-paediatricians, 75 

paediatricians, emergency physicians and paediatric surgeons, as level 1 (confirmed cases), 76 

level 2 (probable), level 3 (possible) and level 4 (insufficient information for classification), 77 

based on major and minor clinical and radiological criteria (Appendices 2 and 3). 78 

Only level 1 cases were retained for this case-control study. Each case was matched with four 79 

hospital controls for sex, age (±1 week), admission period (one month before or after the 80 

admission of the case), and centre. Control  subjects were infants < 12 months who admitted 81 

for  minor  surgery, non-chronic disease, l iving in the study area dur ing the study per iod and 82 

not  present ing suspected IS. Exclusion criteria for controls were: age ≥12 months, infants 83 

living outside the study area, length of stay in excess of 2 weeks in the ward, a history of IS or 84 

occlusion, and parental refusal to consent.  85 

 86 

2.3. Data Collection and Study Variables 87 

 88 

Data were collected by the investigator at the time of the infant’s admission to the emergency 89 

ward with suspected IS, or to the hospital ward, using a standardized case report form.  90 

We recorded socio-demographic characteristics (date of birth, sex, weight and height at birth, 91 

weight and height at admission); as well as medical history (Meckel’s diverticulum, tumour 92 

(intestinal polyp), cystic fibrosis, intestinal duplication, vascular intestinal malformations, 93 
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Hirschsprung disease, prior history of abdominal surgery); clinical signs (unusual crying, 94 

abdominal pain, refusing bottles, vomiting, lethargy, pallor, coma, convulsions, hypovolemic 95 

shock, presence of blood in the nappy or on rectal examination, palpable abdominal mass, 96 

abdominal distension, or abnormal abdominal sounds); additional examinations (abdominal 97 

X-ray, echography, contrast enema, abdominal computed tomography (CT scan); and type of 98 

reduction (therapeutic enema or surgery), and outcome.  99 

Variables for inclusion in the analysis were: signs of malnutrition (yes/no); history of 100 

infection within the previous 2 weeks (yes/no) and by type of infection: gastroenteritis 101 

(defined as the occurrence of a decrease in the consistency of stools (loose or liquid) and/or an 102 

increase in the frequency of evacuations (≥3 in 24 hours), with or without fever or 103 

vomiting[16]), other, none; any medications received in the previous 2 weeks (defined as 104 

intake of any medication or pharmacological substance within the 2 weeks prior to 105 

hospitalization) (yes/no) ; concomitant disease in the 2 weeks prior to IS diagnosis (yes/no for 106 

each of: ear/nose/throat disorders, respiratory disorders, digestive disorders, other, none ); 107 

weight at admission (both in categories and as a continuous variable); height at admission (in 108 

categories and as a continuous variable); gestational term (as a continuous variable, and in 109 

categories: born at term [(gestation >37 weeks of amenorrhea (WA) or premature (22-37 110 

WA)]; type of feeding in 3 categories (exclusive breastfeeding, infant formula, or mixed 111 

feeding (i.e. infant formula plus breastfeeding); introduction of solid food (yes/no), and 112 

rotavirus vaccine status (vaccinated/ non-vaccinated). Exposure to rotavirus vaccine was 113 

evaluated based on risk periods considered after administration of the first dose (0-2 months), 114 

the second dose (3-4 months), and the third dose (5-11 months) (RV5 vaccine).   115 

For cases, the risk period was defined as the difference between the date of occurrence of IS 116 

(defined as the date of diagnosis) and the date of vaccination. For controls, the risk period was 117 

defined as the difference between the reference date on which the matched control subject 118 

was exactly the same age as the case patient at the time of hospitalization, and the date of 119 

rotavirus vaccination. The period not-at-risk in vaccinated children was used as the reference 120 

for the calculation of ORs.  121 

Vaccine coverage was calculated using statistics from the French statistics group (GERS) 122 

(Groupement pour l’Élaboration et la Réalisation de Statistiques) for the period from April 123 

2008 to March 2012, based on the number of vaccine doses dispensed by pharmacies and 124 

hospitals. Data were aggregated based on the list of geographical units of analysis (GUA) 125 
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corresponding to the study zone. The equation used by the French national agency for 126 

medicines and health products safety was applied, as follows: 127 

Coverage	rate =

volume	of	boxes	delivered	to	pharmacies	by	type	of	vaccine	
number	of	doses	per	vaccine�

����	��	 ℎ�	"�# ℎ	$�ℎ�# 
 

The volume of boxes delivered corresponds to the total number of single-doses of vaccine. 128 

This calculation assumes that all children in the cohort receive the full dose schedule before 129 

the age of one year.  130 

 131 

2.4. Data management  132 

 133 

Data were entered in dupl icate before analysis. 134 

The exhaust iveness of data collect ion was ver if ied using capture-recapture analysis (Lincoln-135 

Petersen est imat ion) [17], which compared infor mat ion from the hospital  infor mat ics 136 

databases to data from the EPIstudy [6]. 137 

 138 

2.5. Statistical analysis 139 

 140 

The first phase of analysis consisted in descriptive analysis of the study population (idiopathic 141 

cases). The second phase investigated risk factors for IS through the case-control study. The 142 

following analyses were performed: 143 

2.5.1. Primary analysis  144 

 145 

Univariate analysis by logistic regression was performed for all factors listed (predisposing 146 

factors, risk factors) and adjusted for the matching variables. Qualitative variables were 147 

compared using the chi square test. Odds ratios (OR) are presented with 95% Confidence 148 

Intervals (CI). Multivariate analysis by conditional logistic regression using stepwise 149 

selection was performed; all variables that had a p-value <0.20 by univariate analysis were 150 

included in the model.  151 
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 152 

2.5.2. Secondary analyses  153 

One of the risk factors for which we sought to investigate the potential relation with IS was 154 

receipt of an oral vaccine against rotavirus. We considered that on average, 3 to 4 confirmed 155 

cases of IS would be included per month over the 4 years of the epidemiological surveillance 156 

[18].  In the primary analysis, we made no distinction between vaccines; and the doses were 157 

considered all together. We planned to perform secondary analyses, if the number of cases 158 

recruited was sufficient, according to the type of vaccine received (RV1 or RV5), number of 159 

doses received (1, 2, or 3) and the time window of exposure as per the study by Murphy et al 160 

[8] (appendix 4). The prospective inclusion of 156 confirmed cases, each matched to 4 161 

controls, made it possible to estimate the minimum detectable OR at 1.74 for an increase in 162 

risk related to rotavirus vaccination, based on the assumption of a vaccine coverage rate of 163 

30%. For reasons related to statistical power, two exposure windows were examined: 164 

exposure to the first dose of rotavirus vaccine in the 7 days prior to the occurrence of IS and; 165 

the exposure to any dose of rotavirus vaccine in the 14 days prior to the occurrence of IS. 166 

To investigate the relation between vaccination against rotavirus and IS, we used univariate 167 

and multivariate conditional logistic regression to estimate ORs for IS during the predefined 168 

risk periods. All variables with p-value <0.20 by univariate analysis were included in the 169 

multivariate model, and were removed in a stepwise manner if their absence failed to affect 170 

the OR for IS after vaccination by 10% or more [8].   171 

All analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).  172 

The study was performed and reported in accordance with the STROBE criteria and 173 

recommendations[19]. 174 

 175 

2.6. Ethics Statement  176 

 177 

The parents who agreed to participate in the study received information about the study from 178 

the investigating physician in a dedicated meeting with delivery of a factsheet. Given the non-179 

interventional nature of the study, oral consent was obtained, and written informed consent 180 
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was not required in accordance with current French legislation (article L 1121-1 du Code de 181 

la Santé publique). 182 

The protocol was approved by the Advisory Committee for the processing of data in health 183 

research in the French Ministry for Research on 6 April 2006 and by the French data 184 

protection authority under the number 906 127, on 18 August 2006.  185 

 186 

3. Results 187 

 188 

3.1. Study population 189 

 190 

A total  of 145 cases were included in the ma in epidemiological  study. Of  these, 115 (79.31%) 191 

were classif ied as a  l evel  1, 8 (5.51%) as l evel  2, 7 (4.82%)  as l evel  3, and 15 (10.34%) as 192 

level  4 ( pr evious publ icat ion [6]). The 115 l evel  1 cases were matched to 457 in-hospital  193 

controls for  the pur poses of the present  study. 194 

Among the populat ion of cases, 58.3% of  the infants were boys, with a  boy-girl  sex rat io of 195 

1.4. Table 1 shows the distr ibut ion of cl inical signs among the cases. Only 20 infants 196 

(17.39%) had the full  symptom tr iad associat ing abdominal  pa in, vomit ing and rectal  197 

bleeding.  198 

The most  frequently used compl ementary examinat ion for  the diagnosis of  IS was 199 

echography, which was used to confir m diagnosis in  114 (99.13%). In  78 (67.83%) infants, 200 

radiological  reduct ion was compl ete (Appendix 5). Surgical  treat ment  was perfor med in 37 201 

(32.17%) infants. The median l ength of hospital  stay was 3 days [IQR, 2-5]. No pat ient  died.   202 

 203 

3.2. Risk factor assessment 204 

 205 

The results of  the r isk factor  assessment  are shown in  Tables 2 and 3.  206 

Infant  for mula alone or  with breast milk was associated with an excess r isk of  IS (adjusted OR 207 

2.74; 95%CI 1.10-6.79) as compared to breast -feeding alone. 208 
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A history of  gastroenter itis was also found to be associated with an excess r isk of  IS (adjusted 209 

OR 2.24; 95%CI 1.07-4.67) compared to no history of gastroenter it is in the 2 weeks pr ior  to 210 

hospital  admission. The existence of concomitant d isease was associated with a  reduct ion in 211 

the r isk of  having IS (adjusted OR 0.20; 95% CI 0.12 – 0.34). 212 

3.3. Assessment of rotavirus vaccine as a risk factor 213 

 214 

During the study period, 12 cases of IS were recorded in infants who had received at least one 215 

dose of rotavirus vaccine (5 RV5, 7 RV1). Among the controls, 42 infants had received at 216 

least one dose of vaccine. The average vaccination coverage rate over the 4 years of study 217 

was 8.6%. Table 4 shows the vaccine coverage rates per year. Only one case of IS occurred 218 

during the 2 weeks after administration of a first dose of the vaccine.  219 

Figure 1 shows the intervals between the administration of a dose of rotavirus vaccine and the 220 

occurrence of IS among the cases, and between injection of a dose of rotavirus vaccine and 221 

the reference date in controls.  222 

In primary analysis, rotavirus vaccination was not found to be significantly associated with 223 

the risk of IS, either after administration of a first vaccine dose within the previous 7 days, or 224 

after any vaccine dose within the previous 14 days in univariate analysis (Table 2). 225 

In secondary analysis, after adjustment for breastfeeding and presence of concomitant disease 226 

in the 2 weeks prior to hospital admission, there was no significant impact of rotavirus 227 

vaccination on the risk of IS (OR 1.16, 95% CI 0.58-2.30), r egardless of the t ime elapsed 228 

between receipt  of  any dose of the vaccine, and occurrence of IS (maximum t ime observed = 229 

189 days).  230 

 231 

4. Discussion   232 

 233 

To the best of our knowledge, this case-control study is the first in France to provide new 234 

insights into the risk factors for IS.  235 

Our findings show a predominance of boys in the study population, in line with previous 236 

reports in the literature [18]. The clinical signs presented by the children in our cohort were 237 
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comparable to those previously described in other reports [20], with vomiting and abdominal 238 

pain being the most frequent complaints.  239 

In around one third of cases, surgery was necessary to achieve reduction of IS, either after a 240 

failed attempt at radiological reduction, or as first-line therapy. The proportion of IS cases 241 

treated by surgery varies widely, ranging from 12 to 88% according to different reports in the 242 

literature [3,21]. Late management (beyond 24 hours after onset) could contribute to the high 243 

rate of surgery observed in certain reports [22,23]. 244 

After adjustment, risk factor analysis in our study suggests the implication of infant formula 245 

in the occurrence of IS in infants. The implication of infant formula in the occurrence of IS in 246 

infants has previously been reported by a US case-control study that included 429 cases and 247 

1763 controls, with an increased risk observed in infants who consumed cow's-milk formula 248 

[24]. This could be explained by the risk of allergy to the proteins in cow’s milk, with the 249 

development of antibodies, a chronic immunological reaction, and hypertrophy of the Peyer’s 250 

patches [25].  251 

 252 

We observed a significant relation between IS and the presence of gastroenteritis during the 2 253 

weeks prior to IS, with a twofold increase in risk in those with a recent history of 254 

gastroenteritis. These findings are in agreement with other reports in the literature [26,27]. 255 

The role of rotavirus infection in the occurrence of IS remains controversial [28–30], and the 256 

conflicting results between studies could be explained by the lack of statistical power or the 257 

different methodologies used.  258 

Unlike other studies [31][32], our study shows that the existence of concomitant disease in the 259 

2 weeks prior to IS paradoxically had a significant protective effect on the occurrence of IS. 260 

This could be due to a possible bias described by Berkson [33] that is inherent to case-control 261 

studies performed in the hospital context. Indeed, the choice of a group of hospital controls 262 

incurs the risk that this group would be composed of patients who are more exposed than the 263 

general population to the risk under consideration in the study, i.e. in our case, the existence 264 

of concomitant disease. In light of this, the use of non-hospital controls could be considered 265 

as a possible alternative. However, this in turn would have exposed to a risk of selection bias, 266 

with the risk that the physician, who would be aware of the patient’s vaccination status, would 267 

give precedence to children who had been vaccinated, thus leading to potential 268 

underestimation of this risk factor. Choosing hospital ized children as controls also generates a  269 
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r isk of  confusion bias if , for  exampl e, controls had been chosen on their  vaccinat ion status or  270 

according to the type of feeding they received. To minimize bias in  our study, in part icular  271 

select ion bias, cases and controls were matched for age, sex and centre of  inclusion, based on 272 

the assumpt ion that  children in a  given region would all  be r eferred to same large university 273 

hospital , thus reflect ing the general  populat ion of children of the same age.  274 

Regarding a possible relation between rotavirus vaccination and IS, our findings showed a 275 

non-statistically-significant increase in the risk of IS after administration of one dose of 276 

vaccine in the 14 days prior to hospital admission, by univariate analysis, and also after one 277 

first dose of vaccine, with either time-window of exposure. Despite the different study design 278 

and methodological approach used in our study, our results are nonetheless in line with those 279 

of the literature. Reports from other countries have also shown an increased risk especially in 280 

the first week after administration of the first dose of the vaccine. For  exampl e, in  a  study 281 

from the Unit ed States, 124 cases of IS were recorded, of  which 5 occurred dur ing the per iod 282 

at  r isk, and the attr ibutable r isk was est imated at 1.1 (95%CI 0.3-2.7) dur ing the 7 days 283 

following inject ion of the f ir st  dose of  the vaccine (RV5) [14]. In  an Austral ian study of 306 284 

cases, the vaccine attr ibutable r isk for  IS was estimated to be 4.3 (95%CI 0.8-23.3) cases per  285 

100,000 children vaccinated for  RV1, and 7.0 (95% CI, 1.5–33.1) cases per  100 000 for  RV5 286 

[12]. Patel  et  al  showed an increased r isk of  IS after  RV1 vaccine dur ing the week following 287 

the f ir st  vaccine dose with an OR of  5.8 (95%CI 2.6-13.0) in  a  Mexican study of 285 cases, 288 

while a  Brazil ian study of  330 cases showed a non-signif icant  increase in r isk (OR 1.4, 289 

95%CI 0.4-4.8) [10] . In our  study, the low number  of cases combined with the low vaccine 290 

coverage rate l ikely precluded detect ion of a  signif icant  increase in the r isk of  IS. A meta-291 

analysis by Rossillon et al [34] of the main post-marketing studies reported a relative risk of 292 

IS after the first dose of rotavirus vaccine of 5.4 (95%CI 3.9-7.4) for the RV1 and 5.5 (95%CI 293 

3.3-9.3) for RV5. The risk is lower after the second dose, with ORs of 1.8 (95%CI 1.3-2.5) 294 

and 1.7 (95%CI 1.1-2.6) for RV1 and RV5 respectively. We also found that the risk 295 

decreased, albeit remaining non-significant, after adjustment for breast feeding and presence 296 

of concomitant disease within the 2 weeks prior to hospitalization, suggesting a protective 297 

role for breastfeeding.  298 

We also noted a significant relation between the occurrence of acute gastroenteritis during the 299 

2 weeks prior to IS, with a two-fold increase in risk of IS. In our multivariate analysis, we 300 

considered gastroenteritis as a variable of interest, and forced this variable in the model, 301 

despite a p-value of 0.31 by univariate analysis. This choice was based on previous literature 302 
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data reporting a significant association between gastroenteritis and IS, and in this regard, our 303 

findings are in line with previous publications [18] [26]. 304 

One of the strengths of this study is the quality of the data recorded. Indeed, exhaustiveness of 305 

the recorded data was verified using diagnostic codes from the medical informatics systems 306 

with capture-recapture analysis [17,35], and showed excellent overall exhaustiveness. A 307 

further strength is the reliable quality of the data thanks to systematic monitoring and quality 308 

control systems implemented to ensure the data recorded were verified and accurate.  309 

The main limitation of our study is the lack of statistical power due to poor vaccine coverage 310 

rates. There are two main reasons for this poor vaccine coverage. First, at the time of the 311 

study, there were no recommendations regarding the rotavirus vaccine from the national 312 

health authorities and therefore no reimbursement for this vaccine by the national health 313 

insurance system .Secondly, scepticism in relation to vaccination in general is highly 314 

prevalent in France [36]. This attitude probably impacted negatively on the power of this 315 

study, and more generally, poses a problem for the statistical power of analyses linked to risk 316 

factors where exposure is the lowest. Finally, there may be potent ial  for  residual  confounding.  317 

 318 

5. Conclusion 319 

 320 

This study highl ights potent ial  r isk factors impl icated in the occurrence of IS. The occurrence 321 

of acute gastroenter it is in t he 2 weeks pr ior  to hospital izat ion is a  signif icant  r isk factor  for  IS. 322 

Infant formula alone or combined with breastfeeding was also found to be a significant risk 323 

factor for the occurrence of IS. The limited statistical power and the low vaccine coverage 324 

likely preclude detection of a significant increase in the risk of IS related to rotavirus 325 

vaccination.  326 

  327 
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Table 1. Distr ibut ion of cl inical  symptoms and signs, diagnosis method, reduct ion procedures 483 

and outcomes for  intussuscept ion of cases ( l evel  1 of  Br ighton Collaborat ion Classif icat ion) 484 

 n= 115              % 

Clinical symptoms                 

Abd o min a l pa in (Per sis t en t a n d u n u sed c r y in g ) 79           68.70     

Pa l l o r 65           56.52     

Let h a r g y 64           55.65     

Hy po v o l emic sh o c k 8           6.96     

Fev er (>38°C) 5           4.35     

Bl o o d y st o o l  38           33.04     

Ref u sa l o f  ba by bo t t l e 40           34.78     

Vo mit in g 80           69.57     

Bil ed-s t a in ed v o mit in g 13           11.30     

Co n st ipa t io n a n d l a c k o f  g a s 14           12.17     

Deh y d r a t io n 9           7.83     

Physical signs                 

Abn o r ma l o r  a bsen t bo wel  so u n d s 10            8.70     

Abd o min a l d ist en sio n 25            21.74     

Abd o min a l ma ss 30            26.09     

Bl o o d o n r ec t a l ex a m 17            14.78     

 485 

  486 
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 487 

Table 2  Univar iate analysis of  the r isk factors for  intussuscept ion in infants 488 

 Ca ses 

n =115 

Co n t r o l s  

n = 457 

OR (95%CI*) P  

Bir t h weig h t       

< 3.20 Kg  59 (51.3) 224 (49.0) 1.0 0.68  

� 3.20 Kg  56 (48.7) 233 (51.0) 0.92 (0.61-1.38)   

Weig h t  a t  a d missio n ‡      

< 7.87 Kg   64 (55.7)  222 (48.6)  1.0  0.08   

� 7.87 Kg   51 (44.3)  235 (51.4)  0.63 (0.37-1.06)     

Heig h t  a t  a d missio n ‡      

< 67 c m  45 (39.1) 210 (46.0) 1.0 0.06  

 � 67 c m  70 (60.9) 247 (54.0) 1.81 (0.98-3.35)    

Gest a t io n a l  a g e a t  b ir t h **      

> 37 SA  110 (95.70)  416 (91.0)  1.0  0.12   

22- 37 SA  5 (4.3)  41 (9.0)  0.47 (0.18-1.21)     

Feed in g       

Ex c l u s iv e Br ea st f eed in g  6 (5.2) 56 (12.3) 1.0 0.10  

In f a n t  f o r mu l a   90 (78.3) 327 (71.7) 2.597 (1.08-6.27) 0.03  

Mix ed  f eed in g  19 (16.5) 73 (16.0) 2.366 (0.889-6.294) 0.08  

In t r o d u c t io n  o f  so l id  f o o d s      

No  30 (26.1) 122 (26.7) 1.0 0.87  

Yes 85 (73.9) 335 (73.3) 1.07 (0.48-2.37)   

Ga st r o en t er it is bef o r e 
a d missio n  
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No  101 (87.8) 415 (90.8)  1  0.31  

Yes 14 (12.2) 42 (9.2) 1.42 (0.72-2.79)   

An y  med ic a t io n s r ec eiv ed in  
t h e pr ev io u s 2 week s 

     

 No  81 (70.4)  235 (51.4)  1   < .01 

 Yes 34 (29.6)  222 (48.6)  0.41 (0.26 – 0.66)    

Co n c o mit a n t d isea se be f o r e 
a d missio n  

     

No  86 (74.8)  194 (42.50)  1  < .01  

Yes 29 (25.2)  263 (55.5)  0.23 (0.14-0.37)     

Ex po su r e t o f ir s t  d o se o f  
r o t a v ir u s v a c c in e 7 d a y s  
pr io r  

     

No  114 (99.1) 457 (100.0) 1.0 0.99  

Yes 1 (0.9) 0 (0.0)    

Ex po su r e t o o n e d o se o f  
r o t a v ir u s v a c c in e 14 d a y s  
pr io r  

     

No  114 (99.1)  454 (99.3)  1.0  0.80   

Yes 1 (0.90) 3 (0.70)  1.33 (0.14-12.82)     

* : CI, c o n f id en c e in t er v a l  489 

† mea n  ± st a n d a r d  d ev ia t io n  = 7.73 ± 1.30 (c a ses); .77 ± 1.59 c o n t r o l s) ; OR 0.97, 95% CI 0.7–490 

1.182 491 

‡ mea n  ± st a n d a r d  d ev ia t io n  = 67.44 ± 5.59 (c a ses); . 66.68 ± 6.47 (c o n t r o l s) ; OR 1.06, 95% CI 492 

1.00-1.12 493 

** mea n  ± st a n d a r d  d ev ia t io n  = 39.15 ± 1.59 (c a ses); . 39.02 ± 2.27 (c o n t r o l s) ; OR 1.03, 95% CI 494 

0.93-1.13 495 

  496 
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Table 3  Mult ivar iable logist ic regression model  of the r isk factors for  intussuscept ion in 497 

infants 498 

 Adjusted OR (95% CI)a p 

In f a n t  f o r mu l a a l o n e o r  w it h

br ea st f eed in g   

2.74 (1.10 – 6.79) 0.03 

Gastroenteritis before admission (yes vs no)b 2.24 (1.07 – 4.67) 0.03 

Concomitant disease before admission (yes vs no) 0.20 (0.12 – 0.34) <0.01 

a: CI, c o n f id en c e in t er v a l , a d ju st ed  f o r  gestational term, Medication before hospitalization, 499 

weight at admission, height at admission, gastroenteritis “within fifteen day, concomitant diseases. 500 

Th e c o n d it io n a l  l o g ist ic  r eg r essio n  wa s per f o r med  af t er  ex a min in g  501 

c o l l in ea r it y  t o  a sc er t a in  t h e in d epen d en c e o f  t h e co v a r ia t es. 502 

b : Th is  v a r ia bl e  wa s f o r c ed  in  mu l t iv a r ia t e  a n a l y s is  despit e  p = 0.31 in  503 

u n iv a r ia t e  bec a u se it  wa s a   k n o wn  r isk  f a c t o r  f o r  IS. [18] – It  is  a  v a r ia bl e  o f  504 

c l in ic a l  in t er est . 505 

 506 

 507 
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Figure Legend: 510 

Figure 1  Interval  between Rotavirus Vaccinat ion and Hospital izat ion in cases and controls 511 
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