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ABSTRACT

Although safe, rotavirus vaccines have been associated with increased intussusception risk. In Brazil, after
the oral human rotavirus vaccine (OHRV) introduction in the childhood immunization, in 2006, increased
intussusception risk was identified after the second OHRV dose, whereas in other countries, higher risk
was associated to the first vaccine dose. It was hypothesized that the concomitant use of oral poliovirus
vaccine (OPV) in Brazil might explain this difference. In 2012, the inactivated polio vaccine (IPV) was
adopted in the first two doses of Brazilian childhood immunization schedule, creating an opportunity to
study the subject. Our objective was analyzing the impact of polio vaccines on rotavirus-associated
intussusception. We used surveillance data on intussusception in infants living in Sdo Paulo State. Two
periods were considered: an OPV-period (March 2006 to June 2012) and an IPV-period (October 2012 to
December 2017). The period from June to September 2012 were considered as transition. Self-controlled
case series analysis with event-dependent exposure was performed, considering two risk periods (7 and
21 days post-vaccination). We identified 325 intussusception cases in infants reported to the surveillance
systems during the study period. The statistical analysis included 221 cases that occurred within 60 days
after vaccination. Overall, a higher intussusception risk was observed in the first week after vaccination for
both the first (Relative Incidence [RI] = 4.3, 95%Cl 2.8-6.5, p <.001) and second vaccine doses (Rl =4.2,
95%Cl 2.7-6.4; p < .001). There were no statistically significant differences in intussusception risk accord-
ing to the rotavirus vaccine dose and the polio vaccine (OPV or IPV) administered concomitantly.
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Introduction (>90% for the second dose) in 2011.° A previous study, con-

ducted in Sao Paulo state, reported 40% reduction in the
annual hospitalizations of under-five children for diarrhea, in

Intussusception is a serious condition, in which one intestinal
segment invaginates inside another one. It is the main cause of

intestinal obstruction in young children, with average annual
incidence ranging from 34 cases per 100,000 infants (in African
region) to 90 (in Western Pacific region), and the incidence
peak occurring in children aged from 29 weeks, in Africa, to 70
weeks, in the Western Pacific region.' Intussusception cause is
usually unknown, but increased intestinal motility during viral
infection may play a role.>’ Rotavirus vaccination have been
associated to intussusception since 1999, when the first
licensed rotavirus vaccine (RotaShield®) was withdrawn from
market due to increased risk of intussusception following
vaccination.” Two of the currently available rotavirus vaccines
(human monovalent and human-bovine pentavalent vaccines),
although safer, have also been both associated with increased
risk of intussusception, particularly within seven days after the
first vaccine dose.*

In Brazil, the oral human rotavirus vaccine (OHRV) was
introduced in the National Immunization Program (NIP)
childhood schedule in March 2006. Rotavirus vaccine coverage
increased rapidly (>80% in the second year), reaching the goal

the first five years of the vaccination program.® A case-series
and case-control study, conducted in Brazil and Mexico, iden-
tified an increased risk of intussusception after the first OHRV
dose in Mexico (OR = 5.8, 95%CI, 2.6-13), but after the second
OHRYV dose in Brazil (OR=1.9, 95%CI, 1.1-3.4).” During this
study period, the oral poliomyelitis vaccine (OPV), adminis-
tered concomitantly with OHRYV, was used in Brazil, whereas
the inactivated polio vaccine (IPV) was adopted in Mexico.
Lower intestinal OHRYV replication has been reported when the
vaccine was administered concomitantly with OPV. So, it was
hypothesized that the non-increase in the intussusception risk
after the first OHRV dose in Brazil could be due to OPV co-
administration.® Up to 2012, the Brazilian childhood immuni-
zation schedule included five OPV doses (at 2, 4, 6 and 15
months and 5 years of age). Two mass vaccination campaigns
(National Immunization Days), during which OPV was admi-
nistered to all under-5 children, independently of their vacci-
nation status, were conducted each year. In August 2012,
aiming to reduce cases of vaccine-associated paralytic polio
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(VAPP), Brazil adopted an IPV-OPV sequential schedule, with
IPV in the first two doses (at 2 and 4 months of age), establish-
ing an opportunity to evaluate the role of polio vaccines (OPV
and IPV) on rotavirus vaccine-associated intussusception.”

The objective of this study was to evaluate the impact of
polio vaccines (OPV and IPV) administered concomitantly
with rotavirus vaccine on the occurrence of intussusception
in infants in Sao Paulo state, at the Southeast of Brazil, based on
surveillance data.

Methods
Study design

We conducted a retrospective analysis of confirmed cases of
intussusception in children aged from six weeks to 11 months
and 29 days, reported to the surveillance system, in Sao Paulo
state, Brazil, from March 2006 to December 2017. The OPV to
IPV replacement occurred in August 2012, establishing two
periods: the OPV period (March 2006 to June 2012) and the
IPV period (October 2012 to December 2017). The period
from July to September 2012 was defined as transition. A three-
month transition period was considered enough since the
Ministry of Health coordinates and centralizes vaccines’ pur-
chase and distribution in Brazil. Furthermore, most childhood
vaccination is performed at the public Unified Health System
(Sistema Unico de Saude, SUS) facilities, which follow standing
orders for administering vaccines according to the NIP recom-
mendations. During the study period, both polio and rotavirus
vaccines had high coverage in the country. Polio vaccine third
dose coverage was lower than 95% in just three years of the
time series (94.1%, in 2012; 92.1%, in 2014, and 92.6%, in
2015). Rotavirus vaccine coverage is lower than polio, probably
due to the age restriction for its administration. Rotavirus
vaccine second dose coverage was 56.2% in the
introduction year (2006), increasing to >80% in the second
year and achieving >90%, in 2011. There was a reduction
(64.9%) in 2012, but it stabilized in >90% in the following
years of the time series.”®

Data sources

Data on intussusception cases were collected from the
Surveillance System databases. Adverse events following
immunization (AEFI) reporting is mandatory in Brazil since
2005, as part of a national passive surveillance system of
vaccine safety (National AEFI Surveillance System), founded
in 1984. AEFI may be notified by any health-care worker.
Symptoms, signs, vaccines administered, vaccine batch, dates
of vaccination and AEFI onset, diagnostic findings, health-
care given, and outcome are registered in the system. All
reports are reviewed by the managers physicians and reports
of serious AEFI (any of the following: hospitalization, pro-
longation of hospitalization, life-threatening condition, per-
manent disability, congenital abnormality, or birth defect and
death) are followed-up by the system staff to get more infor-
mation. In March 2006, concomitantly with rotavirus vaccine
introduction, a passive hospital-based sentinel surveillance of
intussusception was established in Sao Paulo state. The

sentinel hospital staff were trained to identify, investigate,
and report intussusception cases. Additionally, from
August 2008 to January 2010, a multi-center study of
OHRYV safety was conducted. This active surveillance study
was supported by GAVI, PAHO, and CDC, as part of the
rotavirus vaccines’ post-market surveillance.” In Sao Paulo
state, all three surveillance systems were managed by the
Immunization Division of the Epidemiological Surveillance
Center “Prof Alexandre Vranjac” of the Sao Paulo State
Health Department (DI/CVE/CCD/SES-SP) and adopted
the same reporting form and the same definitions for intus-
susception cases (the Brighton Collaborative Group’s
definition)."°

Data on live births in Sao Paulo state was retrieved from the
Unified Health System Department of Informatics
(DATASUS), freely available online, and was used to estimate
the annual rates of intussusception.

Data collection and study variables

Intussusception cases reported from March 2006 to
December 2008 were obtained from a database previously
built by EGF, for another study.® This initial database was
adapted by the first author, according to the variables of inter-
est for this study, and was completed with the new intussuscep-
tion cases reported to the Surveillance Systems from 2009 to
2017.

All reported cases included in this study were classified as
level 1 (the highest level of diagnostic certainty) of the Brighton
Collaborative Group’s definitions for intussusception and
occurred within 30 days of rotavirus vaccination (according
to the definitions of vaccine-associated intussusception at the
time of data collection for this study).'"'* The authors (CCMR
and EGF) had access to all three surveillance systems’ nominal
records, and so were able to detect and exclude the record
duplicates.

Intussusception cases were described according to demo-
graphic and clinical characteristics and history of rotavirus
vaccination (age at vaccination, dose, time elapsed from vacci-
nation to intussusception first symptoms). Data on rotavirus
vaccination were consistently available for all reported cases,
but polio vaccination data was frequently unavailable. OPV or
IPV was assumed by the authors according to the period at
which the case occurred (OPV period, from March 2006 to
June 2012, and IPV period, from October 2012 to
December 2017).

Statistical analysis

Demographic data, symptoms, surgical rates, clinical out-
comes, and length of hospitalization were described for all
reported intussusception cases. The annual reporting rates of
intussusception were estimated considering all intussusception
cases and the number of live births in Sao Paulo state each year.

Intussusception cases without history of rotavirus vaccina-
tion were excluded from the statistical analyses. Cases with
a history of rotavirus vaccination were distributed by year of
occurrence and age (in weeks). Cases that occurred in the
transition period (July to September 2012) were excluded.



Cases that occurred after the third vaccine dose were also
excluded, since, in Brazil, the pentavalent rotavirus vaccine is
only used in the private system, which has low coverage.

To evaluate and compare rotavirus vaccine-associated intus-
susception rates, according to rotavirus vaccine dose and polio
vaccine (OPV or IPV) administered concomitantly, a self-
controlled case series (SCCS) analysis was conducted. In this
method, each intussusception case acts as its own control for
time-invariant confounders. An assumption of the standard
SCCS model is that events do not influence subsequent expo-
sures. Considering that the occurrence of intussusception after
rotavirus vaccination contraindicates subsequent rotavirus vac-
cine doses, we decided to use the SCCS model with event-
dependent exposure, a variant of SCCS model. The standard
SCCS model was also conducted and presented as supplemen-
tary material, to allow the models’ comparison.'” Only cases
occurring within 60 days after rotavirus vaccination were con-
sidered. Two risk periods were analyzed: up to 7 days and up to
21 days after each rotavirus vaccine dose. A control period (31 to
60 days after each rotavirus vaccine dose) was considered to
estimate the relative incidence (RI) in each risk period. The
natural intussusception incidence rates in infants without rota-
virus vaccination, from a previous study,'* was used to control
for the variable intussusception risk according to infants age.

The analyses were conducted using R statistical software, ver-
sion 4.0.0. The SCCS model with event-dependent exposure was
performed through the eventdepenexp function of the SCCS
library. Asymptotic chi-square test was used to compare intussus-
ception relative incidence in each risk period (7- and 21-day), after
each rotavirus vaccine dose, in the historical periods (OPV
or IPV).

The study was approved by the Research Ethics Committee
of the University of Sao Paulo School of Medicine (CAAE
78883717.70000.0065).

Results

From 2006 to 2017, 325 intussusception cases in children aged
from 6 weeks to 11 months and 29 days living in Sao Paulo
State were reported to the Surveillance Systems.

Among the 325 confirmed intussusception cases, 296 (91.1%)
had a history of rotavirus vaccination. Of these latter, 164 cases
occurred within 30 days after vaccination and might be consid-
ered associated to the rotavirus vaccine. Table 1 presents the
epidemiological and clinical characteristics of all 325 confirmed
intussusception cases, the 296 cases with a history of rotavirus
vaccination, and the 164 cases that occurred within 30 days after
rotavirus vaccination. Among all 325 cases, vomiting was the
most frequently reported symptom, described in 92.3% of 209
records with this information, followed by “strawberry jelly”
feces, in 80.8% of 182 records. Surgery was the main diagnostic
and treatment method, described in 85.7% of 197 cases with this
information. Case-fatality rate was 3.6%, considering 222 cases
for which the outcome was reported. Most of the 164 intussus-
ception cases with history of rotavirus vaccine in the previous 30
days were associated with the second vaccine dose (108 cases or
65.9%). Three cases occurred after the third rotavirus vaccine
dose. Three infants received the first vaccine dose after the
maximum recommended age.
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Table 1. Characteristics of confirmed cases of intussusception in infants reported
to the surveillance systems. Sao Paulo State, Brazil, 2006 to 2017.

Cases
Cases with occurring
history of  within 30 days
rotavirus after rotavirus
All cases vaccination vaccination
Characteristics (n=325) (n=296) (n=164)
Male sex n (%) 194 (59.9) 177 (60) 96 (58.5)
Age (weeks)
Median 22 21 19
Min-Max 8-51 8-51 8-34
Type of feeding (%) n=162 n=141 n=>53
Breastfeeding 116 (71.6) 99 (70.2) 35 (66)
Artificial feeding 46 (28.4) 42 (29.8) 18 (34)
Duration of symptoms up to n=325 n=296 n=164
medical care (days)
Median 1 1 1
Min-Max 0-55 0-55 0-55
Diagnostic method (%) n=230 n=201 n=102
Radiology 32 (13.9) 29 (14.9) 18 (17.6)
Surgery 197 (85.7) 165 (84.6) 84 (82.4)
Autopsy 1(4) 1(.5) 0
Surgical treatment (%) n=229 n=200 n=101
209 (91.3) 181 (90.5) 101 (90.1)
Duration of hospitalization n=172 n=157 n=79
(days)
Median 7 5 5
Min-Max 0-52 0-52 0-35
Deaths (%) n=222 n=195 n=101
8 (3.6) 7 (3.6) 4 (4)
Cases after the 1°* rotavirus 95 95 54
vaccine dose
Interval between the 1 n=95 n=54
rotavirus vaccine dose and
symptoms (%)
1-7 days 30 (31.6) 30 (55.5)
8-14 days 7(7.4) 7 (13)
15-21 days 6 (6.3) 6(11.1)
22-30 days 11 (11.6) 11 (20.4)
>30 days 41 (43.2)
Cases after the 2™ rotavirus 198 198 108
vaccine dose
Interval between the 2™ n=198 n=108
rotavirus vaccine dose and
symptoms (%)
1-7 days 47 (23.7) 47 (43.5)
8-14 days 20 (10.1) 20 (18.5)
15-21 days 17 (8.6) 17 (15.7)
22-30 days 24 (12.1) 24 (22.2)
> 30 days 90 (45.5)
Cases after the 3™ rotavirus 3 2

vaccine dose

Sources: Information System of Adverse Events Following Immunization (SI-EAPV);
Sentinel Surveillance of Intussusception (SVSII).

The annual reporting rates of intussusception in infants in
the study period is presented in Supplementary Table S1, and
the age distribution of cases, in Supplementary Figure S1.

To analyze the role of polio vaccines on intussusception
temporally associated to rotavirus vaccine, 11 of the 296 cases
with history of rotavirus vaccination were excluded (8 cases that
occurred in the transition period and do not have information
on polio vaccine, and 3 cases that occurred after the 3™ penta-
valent rotavirus vaccine dose). Of the remaining 285 cases with
history of rotavirus vaccination, 221 intussusception cases that
occurred within the first 60 days after rotavirus vaccination were
included in the SCCS analyses (Figure 1): 159 cases occurred in
the OPV period (50 after the 1% rotavirus vaccine dose and 109
after the 2™ dose) and 62 cases were reported in the IPV period
(30 cases occurring after the 1** dose and 32 after the 2" dose).
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296 reported cases with history
of rotavirus vaccine

vaccination

(
1

8 cases in transition months
3 cases after 3rd dose of rotavirus

285 reported cases with history
of rotavirus vaccine

vaccine

64 cases vaccinated > 60 days before

221 cases included in the SCCS
with event-dependent exposure
analysis

the occurrence of intussusception

(
.
[
.

|

50 after the 1st dose

‘ OPV period (n=159) ‘
109 after the 2nd dose

30 after the 1st dose

IPV period (n=62) ’
32 after the 2nd dose

Figure 1. Flowchart of the analyses of 325 confirmed cases of intussusception in children aged from 6 weeks to 11 months and 29 days of age, reported to surveillance

system. Sao Paulo State, Brazil, March 2006 — Dec 2017.

Table 2 displays the results of the SCCS with event-
dependent exposure analyses of intussusception, according
to the risk period (7 and 21 days after rotavirus vaccination)
relative to the control period (31-60 days after rotavirus vac-
cination), rotavirus vaccine dose, and study period (OPV-,
IPV- and the entire period). At first, each historic period
(OPV and IPV) was analyzed independently. In the 7-day
risk period, higher relative incidence of intussusception was
found for both the first and second rotavirus vaccine dose in
both OPV and IPV periods (Table 2), and the statistical
analyses showed no statistical differences between the OPV
and IPV periods (chi-square test p =.606). A similar pattern
was observed in the 21-day risk period, however the RIs were
lower than in the 7-day risk period (Table 2), without statis-
tical differences between the OPV- and the IPV-periods (p
=.811). As expected, when the entire study period was ana-
lyzed, the relative incidence (RI) of intussusception was
increased in both risk periods and for both rotavirus vaccine
doses, although higher RI was found for the 7-day risk period
as compared to the 21-day risk period (Table 2).

Results of the standard SCCS analysis are presented in the
Supplementary Table S2. In the 7-day risk period, we observed
statistically significant higher RI after the first rotavirus vaccine
dose in both OPV (RI=5.0, 95%CI 2.9-8.5, p <.001), and IPV
period (RI=4.6, 95%CI 2.0-10.4, p <.001), but highest RI after
the 2™ dose in both OPV (RI = 8.8, 95%CI 5.5-14.4, p <.001)
and IPV periods (RI =10.9, 95%CI 4.0-29.7, p <.001). The sta-
tistical analyses showed no statistical differences between the
OPV and IPV periods (chi-square test p =.558). Similar results
were observed in the 21-day risk period, statistically significant
higher RI after the first dose both OPV (RI = 1.8, 95%CI 1.1-3.0,

p =.016), and IPV period (RI = 2.3, 95%CI 1.2-4.6, p < .001), but
highest RI after the 2® dose both in the OPV (RI = 5.1, 95%CI
3.3-7.8, p<.001) and IPV period (RI = 8.9, 95%CI 3.8-20.8, p
<.001), without statistical differences between the OPV- and the
IPV-periods (p =.75) (Supplementary Table S2).

Discussion

Our study is the first, according to our knowledge, to assess the
role of oral and inactivated polio vaccines in the intussuscep-
tion temporarily associated to the rotavirus vaccine. Both SCCS
with event-dependent exposure and standard SCCS models
found that both 7- and 21-day risk periods following vaccina-
tion were associated with higher risk of intussusception, for
both rotavirus vaccine doses, independently of which polio
vaccine (OPV or IPV) was administered concomitantly.
Higher RI were found in the first week after both vaccine
doses, coinciding with the peak of intestinal replication of the
rotavirus vaccine virus. As expected, the RIs after the 274 dose
were higher with the standard SCCS model as compared to the
SCCS with event-dependent exposure, due to bias introduced
in the standard model that does not take into account the
contraindication of the 2™ rotavirus vaccine dose for children
that had intussusception after the first vaccine dose. “The
direction of bias resulting in the standard SCCS model is
often predictable. If occurrence of an event decreases the prob-
ability of subsequent exposures, then the RI will be biased
upwards. This is because exposures will tend to occur prior to
events, thus inducing bias in the direction of a positive
association”."> Both the SCCS with event-dependent exposure
analysis and the standard SCCs models did not find statistically
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Table 2. Relative incidence (RI) of intussusception and respective 95% confidence linterval (95%IC), according to risk period (7- and 21-days post-vaccination), rotavirus
vaccine dose, and study period (OPV-, IPV- or the entire study period) in the SCCS with event-dependent exposure model. Sao Paulo State, Brazil. March 2006 to

December 2017.

OPV period IPV period Entire study period
Risk period and rotavirus vaccine dose RI (95% Cl) p value RI (95% Cl) p value RI (95% Cl) p value
7-day risk period*
1°* dose, 1-7 days 44 (2.7 -7.) <0.001 42(1.9-9) <0.001 43 (2.8-6.5) <0.001
1° dose 1, 8-30 days 0.6 (0.3-1.1) 0.101 1(05-22) 0.921 0.7 (0.5-1.2) 0.194
2" dose, 1-7 days 4.1 (2.5 - 6.6) <0.001 46 (1.7 -12.2) 0.002 42 (2.7 -64) <0.001
2nd dose, 8-30 days 1.6 (1-24) 0.049 2.8(1.2-6.7) 0.017 1.8(1.2-26) 0.003
21-day risk period**
1° dose, 1-21 days 1.6 (1-25) 0.033 21(1.1-4) 0.019 1.8(1.2-25) <0.001
1% dose, 22-30 days 0.8 (0.4 - 1.6) 0.506 0.7 (0.2 - 2.5) 0.638 0.8 (0.4 -1.4) 0.408
ond dose, 1-21 days 24 (1.5-3.6) <0.001 3.7 (1.6 - 8.6) 0.002 2.6 (1.8 - 3.8) <0.001
2" dose, 22-30 days 1.7(1-3) 0.06 22 (0.7 -6.7) 0.174 1.8 (1.1-3) 0.022

OPV=oral polio vaccine; IPV=inactivated polio vaccine.

Chi-square test was used to compare the OPV and IPV periods: *7-day risk period: p =.606; **21-day risk period: p =.811.

significant differences in the relative incidence of intussuscep-
tion according to the polio vaccines (OPV or IPV) used. The
higher RI observed within seven days after both rotavirus vac-
cine doses is different from the previously reported in a case-
series with SCCS analyses, in which an increased risk of intus-
susception was seen in the first week after the first rotavirus
vaccine dose in Mexico and after the second dose in Brazil.
Active hospital-based surveillance was the source of intussus-
ception cases in this previous study, whereas routine passive
surveillance data were used in our study.

Our results (increased RI of intussusception following both
doses of rotavirus vaccine) are different from the results of
studies conducted in high-income countries, where IPV is
used for routine childhood immunization, and where an
increased risk of intussusception has been reported within
seven days after the first vaccine dose.'” However, an
Australian self-controlled case-series study, based on the
national hospital databases supplemented by active surveil-
lance, also observed an increased risk of intussusception within
the seven-day window after both the first and second vaccine
doses of both OHRYV and RV5, even though the highest relative
incidence of intussusception was found after the first RV5
dose.'®

Besides the study carried out in Brazil and Mexico, there is
another ecological evidence of a possible role of OPV on
rotavirus vaccine-related intussusception. A self-controlled
case series study, based on active surveillance data, in seven
African countries where rotavirus vaccine and OPV are simul-
taneously administered, did not find an increased risk of intus-
susception in the first week after OHRV administration, as
compared to the background risk (RI=.25, 95%CI <.001-
1.16, after the first OHRV dose and RI=.76 95%CI .16-1.87,
after the second dose).'” However, in these countries, the
vaccines are administered to younger children (at 6 and 10
weeks of age), which could have also contributed to the low
intussusception incidence, since this condition is rare in the
first two months of life."”

There is also biological plausibility for the hypothesis of
modification of vaccine-related intussusception risk by OPV
co-administration. Intestinal replication is critical for
immunogenicity and effectiveness of live attenuated oral
vaccines. When concurrently administered, these vaccines

may interfere with each other."®* OHRV and OPV coadmi-
nistration do not impair OPV immunogenicity but,
decreases the immune response to OHRV, particularly
after the first dose, suggesting lower OHRV
replication.'”' This negative effect of OPV on OHRV
immune response is overcome after completing the vaccina-
tion, with immune response at the end of the schedule
similar to administration of OHRV alone.'® Lower rotavirus
antigen shedding in feces was demonstrated in infants that
received rotavirus vaccine concomitantly with OPV, as com-
pared to infants who received IPV concomitantly, also sug-
gesting OPV interference with rotavirus vaccine replication
when both vaccines are co-administered.”® These evidence
support the hypothesis of lower risk of vaccine-associated
intussusception when the rotavirus vaccine is co-
administered with OPV.

So, we expected that the replacement of OPV by IPV in the
routine childhood immunization might shift the predominant
occurrence of intussusception cases toward to the first dose.
The results of our analysis do not allow such conclusion, since
we found no significant differences in the relative incidence of
intussusception after the first or second rotavirus vaccine dose,
in the IPV or OPV-periods, both for the 7-day or 21-day risk
periods after vaccination. However, we found an increased
relative incidence of intussusception in both 7-day and 21-
day period following rotavirus vaccination, for both the first
and second doses. The role of OPV vs. IPV in intussusception
related to rotavirus vaccine needs further careful evaluation.

Many factors are associated with intussusception, such as
infectious agents, genetic predisposition, and intestinal tract
abnormalities (intestinal polyps, lipomas), in addition to neu-
ronal intestinal dysplasia, celiac disease, or Crohn’s disease.”
Although most intussusception cases did not have an identified
cause, the increased intestinal motility during a viral infection
has been considered a possible associated factor.*?
A retrospective, self-controlled case series study based on
data from two North American databases suggested temporal
association of rotavirus gastroenteritis with intussusception,
with a incidence rate ratios (IRR) of 79.6 (95%CI 38.6-164.4)
in the first seven days after gastroenteritis and 25.5 (95%CI
13.2-49.2) for the first 21 days.”’ However, it is important to
emphasize that the study did not assess other risk factors that
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could be associated with intussusception.”’ The increased
intussusception risk within the first week after rotavirus vacci-
nation does not necessarily result in an increased incidence of
intussusception, when considering the whole first year of life.
This is probably due to a reduction in the intussusception risk
in older infants associated to decreased rates of rotavirus infec-
tion in vaccinees.”>**

AEFI passive surveillance systems are usually more sensitive
to severe cases and to cases occurring in the first months of a new
vaccination program implementation, when both the health-
care workers and population are more alert to adverse events.*”
In this study, the sentinel surveillance of intussusception and the
multi-center study on rotavirus vaccine safety, while active (until
2010), contributed to increase the intussusception reporting in
the OPV period. The changes in intussusception surveillance
over the years contributed to the gradual reduction of the report-
ing rates. It is also important to mention difficulties faced by
health-care workers in emergency rooms with limited resources
to perform a correct diagnosis of intussusception, since many
services do not have a medical surgeon and complementary
exams, such as ultrasonography. Therefore, our surveillance is
probably more sensitive to severe cases with late diagnosis.

The Brazilian AEFI Information System has been successful
in identifying more reactogenic vaccines or batches, as well as
previously unknown AEFIs.*® Unlike the experiences of other
countries of the European Community and North America,
this system has an exclusive link with the NIP/MoH, without
explicit relation to the regulatory agency (ANVISA). Although
there are several strategies to increase the AEFI surveillance
systems sensitivity, it is important to highlight that passive and
active systems have low specificity, since they identify adverse
events temporally associated with the vaccine, without neces-
sarily having a causal link.>>*°

Our access to data exclusively through surveillance records is
a great limit of our work, given the heterogeneity in the pattern
of data recording over time, and the important role played by
the sentinel surveillance (2006 to 2010), which contributed with
many cases. Passive surveillance systems, particularly the AEFI
surveillance are more likely to capture intussusception cases that
occur proximal to vaccination, given that this is the period when
surveillance is indicated. This could bias the results away from
the null. This seems more likely to occur when passive surveil-
lance is not supplemented by other surveillance systems, as
during the IPV period.

As there was no available Brazilian data on intussusception
rates without rotavirus vaccination, we used US rates to adjust
age distribution, which is another limitation since the under-
lying rates could differ by region and population. In addition, as
intussusception is a rare event, slight changes in absolute num-
bers may increase or decrease trend toward the first or second
dose without necessarily reflecting actual changes in trends.””
As strengths, we gathered data from the most populous state in
Brazil and with a wide distribution of primary, secondary, and
tertiary health-care services, as well as emergency rooms, pro-
viding good representation of our findings. A similar study with
nationwide data, or longer surveillance time after the IPV
introduction in childhood immunization may give more solid
evidence on the role of polio vaccines in intussusception asso-
ciated to rotavirus vaccines.

As conclusion, the SCCS model with event-dependent expo-
sure found an increased risk of intussusception temporally asso-
ciated with rotavirus vaccine in the first 7 and 21 days after both
rotavirus vaccine doses, regardless of OPV or IPV concomitant
use. The analyzes performed did not show differences in the
relative incidence of intussusception, according to rotavirus vac-
cine dose or polio vaccine administered (OPV or IPV), in the two
risk periods considered (7-day and 21-day after vaccination).
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