1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Vaccine. Author manuscript; available in PMC 2024 March 12.

-, HHS Public Access
«

Published in final edited form as:
Vaccine. 2023 November 22; 41(48): 7220-7225. doi:10.1016/j.vaccine.2023.10.042.

Intussusception risk following oral monovalent rotavirus
vaccination in 3 Asian countries: a self-control case series
evaluation

Eleanor Burnettl, Atif Riaz2, Palwasha Anwari3, Theingi Win Myat4, Tyler P. Chavers?,
Nabila Talat®, Najibullah Safi®, Nway Nway Thinn Aung’, Margaret M. Cortesel, Shazia
Sultana?, Akmal Samsor8, Hlaing Myat Thu?, Nasir Saleem Saddal8, Sohrab Safi®, Htin Lin4,
Saqib Hamid Qazi?, Helah Safi®, Asad Ali2, Umesh D. Parasharl, Jacqueline E. Tatel

Division of Viral Diseases, NCIRD, CDC, Atlanta, USA

2Department of Pediatrics and Child Health, Aga Khan University, Karachi, Pakistan
3London School of Hygiene and Tropical Medicine, London, UK

“Department of Medical Research, Ministry of Health and Sports, Yangon, Myanmar

SPediatric Surgery unit, University of Child Health Sciences and Children Hospital, Lahore,
Pakistan

6JS Consultancy, Kabul, Afghanistan
“Yangon Children’s Hospital, Ministry of Health and Sports, Myanmar

8Deparment of Surgery, National Institute of Child Health, Karachi, Pakistan

Abstract

Rotavirus vaccines have substantially decreased rotavirus hospitalizations in countries where they
have been implemented. In some high- and middle-income countries, a low-level of increased
risk of intussusception, a type of acute bowel obstruction, has been detected following rotavirus
vaccination. However, no increased risk of intussusception was found in India, South Africa, or a
network of 7 other African countries. We assessed the association between a 2-dose monovalent
rotavirus vaccine (Rotarix) and intussusception in 3 early-adopter low-income Asian countries

-- Afghanistan, Myanmar, and Pakistan. Children <12 months of age admitted to a sentinel
surveillance hospital with Brighton level 1 intussusception were eligible for enrollment. We
collected information about each child’s vaccination status and used the self-controlled case series
method to calculate the relative incidence of intussusception 1-7 days, 8-21 days, and 1-21 days
following each dose of vaccine and derived confidence intervals with bootstrapping. Of the 585
children meeting the analytic criteria, the median age at intussusception symptom onset was 24
weeks (IQR: 19-29). Overall, 494 (84%) children received the first Rotarix dose and 398 (68%)
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received the second dose. There was no increased intussusception risk during any of the risk
periods following the first (1-7 days: 1.01 (95%CI: 0.39, 2.60); 8-21 days: 1.37 (95%CIl: 0.81,
2.32); 1-21 days: 1.28 (95%CIl: 0.78, 2.11)) or second (1-7 days: 0.81 (95%Cl: 0.42, 1.54); 8-21
days: 0.77 (95%CI: 0.53, 1.16); 1-21 days: 0.78 (95%Cl: 0.53, 1.16)) rotavirus vaccine dose. Our
findings are consistent with other data showing no increased intussusception risk with rotavirus
vaccination in low-income countries and add to the growing body of evidence demonstrating
safety of rotavirus vaccines.
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Introduction

Intussusception, the invagination of a distal bowel segment in a proximal segment, is the
most common type of acute bowel obstruction among infants; left untreated, it can be

fatal. For reasons that remain unclear, rates of naturally occurring intussusception vary
considerably between geographic regions and countries, ranging from 16 per 100,000 infants
in Bangladesh to >300 per 100,000 infants in Vietnam (1, 2). The rate of intussusception
increases in early infancy and typically peaks around 6 months of age (2). In most

cases, the cause of intussusception is unknown. Naturally-occurring intussusception has
been associated with some infectious agents, notably adenovirus type C, but not wild-

type rotavirus (3). RotaShield, a live, oral rotavirus vaccine first licensed in 1998, was
found to cause 1-2 excess cases of intussusception per 10,000 vaccinated infants in the

first 1 to 2 weeks after vaccination. Because of this risk, RotaShield was subsequently
withdrawn from the market (4). Since then, four live, oral multinational vaccines (Rotarix
(GlaxoSmithKline Biologicals, Rixensart, Belgium), Rotasiil (Serum Institute of India,
Pune, India), RotaTeq (Merck, West Point, PA, USA), Rotavac (Bharat Biotech International
Ltd., Hyderabad, India)) have been licensed globally for infants. Post-licensure evaluations
found an association with intussusception with Rotarix and RotaTeq in 6 high-and middle-
income countries (5, 6) of about 1-5 excess cases per 100,000 children vaccinated (7, 8).
However, no association was found between Rotarix and intussusception in South Africa
nor in in a network of 7 other African countries, and no association between Rotavac and
intussusception in India (5, 9, 10).

Globally, rotavirus vaccines have been shown to reduce severe rotavirus disease by around
40%, though they somewhat less effective in low- and middle-income countries than in high-
income countries (11, 12, 13). There are several possible explanations for lower rotavirus
vaccine performance in low- and middle-income countries, including a higher prevalence

of malnutrition and concurrent administration of rotavirus vaccine with oral polio vaccine
(OPV) (14, 15, 16, 17, 18). In light of the substantial reductions in rotavirus disease where
the vaccines have been introduced and evidence showing any risk of intussusception is low,
the World Health Organization (WHQO) recommended all countries introduce a rotavirus
vaccine into their routine national infant vaccination program in 2009 (19, 20). WHO also
recommends countries monitor intussusception after rotavirus vaccine implementation (19).
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Though >120 countries have introduced rotavirus vaccines, countries in Asia have been
slower to add rotavirus vaccines to their national routine immunization programs than other
regions (21). Given the regional differences in intussusception rates and epidemiology,
generating post-licensure data from Asia evaluating intussusception is important to

provide local decisionmakers additional information while considering rotavirus vaccine
introduction. In this analysis, we pooled data from Afghanistan, Myanmar, and Pakistan to
assess for any association between a 2-dose, monovalent human rotavirus vaccine (Rotarix)
and intussusception.

Rotarix was introduced nationwide in 2018 in Afghanistan and Pakistan, and 2020 in
Myanmar (Table 1). The 2-dose series was recommended for administration at 6 and

10 weeks of age in Afghanistan and Pakistan and 2 and 4 months of age in Myanmar,
concurrently with bivalent oral polio vaccine (bOPV) and other routine childhood vaccines.
Surveillance periods and the number of sentinel hospitals in each country are presented in
Table 1.

Children <12 months of age were eligible to be enrolled in this evaluation if they were
admitted to a sentinel surveillance hospital with intussusception that met the Brighton

level 1 criteria (22). Briefly, the Brighton level 1 criteria require that the intussusception

be confirmed during surgery, by radiologic findings with reduction by enema, or by
autopsy. A standardized questionnaire was used to document each child’s vaccination
status, hospitalization, management, and outcome. Additionally, to ensure methodological
assumptions regarding survival were met, children <8 months old at the time of enrollment
were recontacted at 8 months of age to determine if the child was living, if they had had
any subsequent intussusception episodes, and if any rotavirus vaccine doses administered
after the initial intussusception episode. The final analysis was limited to children with
written documentation of their rotavirus vaccine status and who were 28-245 days old when
their intussusception symptoms began, because almost all of the children who had received
rotavirus vaccine were vaccinated in this age range.

Data analysis

For this data analysis, we used the pseudolikelihood self-controlled case series (SCCS)
method (23). Using the SCCS method, each child acts as their own control during

periods outside of the a priori defined risk windows following an exposure, in this case
rotavirus vaccination. The pseudolikelihood method allows for the contraindication of
rotavirus vaccine after an episode of intussusception. We calculated the relative incidence of
intussusception during three time periods following vaccination (1-7 days, 8-21 days, and
1-21 days) for each of the two Rotarix doses. We also accounted for the changing baseline
underlying rate of intussusception with age by calculating risk in 2-week age bands. We
estimated 574 cases would be needed to provide 80% power detect a relative incidence of
2.5 during the first 1-7 days following the first dose, at the 0.05 significance level (24).
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Confidence intervals were derived by bootstrapping with 1000 iterations. All descriptive
statistics are presented as percentages or medians with interquartile range (IQR).

In addition to the overall pooled analysis, we performed a sub analysis of cases from
Afghanistan and Pakistan combined after excluding the Myanmar cases as there were
several differences between these countries. First, the recommended ages for rotavirus
vaccine in Afghanistan and Pakistan are slightly younger than Myanmar (Table 1). Second,
Afghanistan and Pakistan are the last two countries in the world that have not eliminated
wild polio virus and thus their OPV programs may differ from those of other countries
(25). Finally, the cases from Myanmar were collected during only a 10-month period at the
beginning of the COVID-19 pandemic, which could introduce bias as the number of enrolled
cases was small, there was not adequate time for many in the vaccinated cohort to age to

8 months, and there may have been pandemic-related delays and interruptions to routine
vaccination similar to those reported by other countries (26). Enrollment in Afghanistan
and Pakistan also continued during the COVID-19 pandemic; however, the full enrollment
period started about 2 years earlier in Afghanistan and Pakistan and continued until 2022.

All data analyses were performed using SAS version 9.4 and R version 4.1.2. The SCCS
analysis was completed using the SCCS package in R (27). This investigation was reviewed
by CDC and conducted consistent with applicable federal law and CDC policy.

In total, 894 children <12 months old were enrolled, of which 585 met the age and
vaccination documentation criteria for inclusion in the analysis (Table 1). Of the 585
meeting the analytic criteria, the median age was 24 weeks (IQR: 19-29) at the time of
symptom onset (Figure 1) and 351 (60%) were male (Supplementary table 1). Nearly half
(n=283, 48%) were transferred from another facility to the surveillance hospital and the
interval between the first admission facility and admission to the surveillance hospital was a
median 2 days (IQR: 1-3). In all three countries, almost all children (n=574, 98%) had their
intussusception managed by surgery, though this ranged from 83% in Myanmar to 100% in
Pakistan. Twenty-seven children (5%) died. Characteristics of age eligible children excluded
for insufficient vaccination record documentation are in Supplementary Table 1. Of the 445
(76%) children included in this analysis who had documented follow up at 8 months old, 3
(1%) had a second intussusception episode, 12 (3%) had died at some point after discharge
from the hospital, and 29 (7%) received =1 rotavirus vaccine dose after their intussusception.

Overall, 494 (84%) of children meeting the analysis criteria received the first dose of
rotavirus vaccine and 398 (68%) received the second dose before their intussusception
(Figure 1). Rotavirus vaccination coverage was similar across all 3 countries. Corresponding
with the 2 different recommended vaccination schedules in these 3 countries, age at
rotavirus vaccination has an extended right tail for both doses (Figure 1). The median age

of administration of the first dose was 7 weeks (IQR: 6-9) in Afghanistan and Pakistan

and 10.5 weeks (IQR: 8-14.5) in Myanmar. Across all 3 countries, 21 children (4%)

who received the first dose were vaccinated after 15 weeks of age. The median age of
administration of the second dose was 13 weeks (IQR: 11-16) in Afghanistan and Pakistan
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and 18 weeks (IQR: 16-21) in Myanmar. Across all 3 countries, 17 children (4%) who
received the second dose were vaccinated after 24 weeks of age. Concurrent administration
of bOPV among rotavirus-vaccinated children was also somewhat higher for both doses in
Afghanistan and Pakistan (dose 1: n=452, 97%; dose 2: n=363, 97%) than in Myanmar
(dose 1: n=25, 89%; dose 2: n=18, 82%).

No clustering of cases in the 1 or 3 weeks following either dose of rotavirus vaccine was
apparent (Figure 2) and the risk following vaccination with either dose was not higher than
the background risk. Following the first dose of rotavirus vaccine, intussusception symptoms
began for 24 children in the first 1-21 days, a relative incidence of 1.28 (95%Cl: 0.78, 2.11)
(Table 2). Intussusception symptoms began for 5 children in the first 1-7 days after the first
dose, a relative incidence of 1.01 (95%Cl: 0.39, 2.60), and symptoms began for 19 children
8-21 after the first dose, a relative incidence of 1.37 (95%CI: 0.81, 2.32). Following the
second dose of rotavirus vaccine, intussusception symptoms began for 34 children in the
first 1-21 days, a relative incidence of 0.78 (95%CI: 0.53, 1.16). Intussusception symptoms
began for 11 children in the first 1-7 days after the second dose, a relative incidence of

0.81 (95%Cl: 0.42, 1.54), and symptoms began for 23 children 8-21 after the second dose, a
relative incidence of 0.77 (95%Cl: 0.49, 1.21).

In the sub-analysis of 550 cases enrolled in Afghanistan and Pakistan, there was no
increased of intussusception risk above the baseline during any of the risk periods following
the first (1-7 days: 1.08 (0.42, 2.80); 8-21 days: 1.04 (0.57, 1.88); 1-21 days: 0.97 (0.56,
1.69)) or second dose (1-7 days: 0.76 (0.38, 1.51); 8-21 days: 0.64 (0.39, 1.05); 1-21 days:
0.63 (0.42, 0.97)).

Discussion

There was no increased risk of intussusception following rotavirus vaccination with Rotarix
in this evaluation using data from 3 Asian countries, Afghanistan, Pakistan, and Myanmar.
This is the 4™ evaluation of oral rotavirus vaccine and intussusception (the third for Rotarix)
in low-income countries which did not show an increase over the baseline risk. Conversely,
other reports found an elevated risk of intussusception following rotavirus vaccine in 6

high- and middle-income countries, primarily after the first dose. Of all the post-licensure
evaluations of intussusception and rotavirus vaccines, there have been 2 others in Asian
countries. An elevated risk 8 times the baseline was found in Singapore after the first dose of
Rotarix, the same rotavirus vaccine used in this evaluation (28). No increased risk was found
following vaccination with Rotavac vaccine in India (5). Similar to the variation in rotavirus
vaccine effectiveness, country income level seems to be more important for differences

in intussusception risk following rotavirus vaccination than geographic region or vaccine
brand (12, 17). This also suggests lower vaccine performance and lower intussusception risk
may be due to the same mechanism that potentially results in decreased replication of the
rotavirus vaccine strains in the gastrointestinal tract (5, 10). While we did not assess for
other factors attributed to lower rotavirus vaccine performance such as malnutrition, bOPV
was administered with rotavirus vaccine in nearly all of the children in this evaluation.
These results should be reassuring to ministries of health and local healthcare providers that
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rotavirus vaccines are safe while substantially reducing hospitalizations and deaths due to
rotavirus disease.

Because underlying rates of intussusception increase with age during the first 6 months

of life, it has been hypothesized that rotavirus doses administered at very young ages

may be less likely to trigger an intussusception. This rationale guided the initial design

of the clinical trials and manufacturer recommended upper age limits of administration
(19, 29). However, none of the previously published studies have stratified analyses by
age of vaccination to assess the contribution of age at vaccination to risk. For example,
there was an increased risk reported from Singapore and nearly all vaccinated cases in
their study received the vaccine after 12 weeks of age, following the national schedule
(28). In the pooled analysis of 7 African countries and in South Africa, vaccine doses
were very timely, and, in both evaluations, there was little overlap between the ages

first dose of vaccine and ages of intussusception symptom onset (9, 10). Like the

African evaluations, the ages of vaccination with both doses were mostly younger than
intussusception symptom onset in Afghanistan and Pakistan, where the recommended ages
were 6 and 10 weeks and vaccination was timely. However, the second dose of Rotarix

in South Africa is recommended at 14 weeks of age and many doses in the evaluation
from India were delayed (5, 9). Similarly, in Myanmar, vaccination was delayed, likely
impacted by the COVID-19 pandemic’s disruptions to routine vaccination delivery systems
(26). The majority of second doses in Myanmar were administered at the ages of peak
intussusception symptom onset. Across all three countries, a small percentage of children
were vaccinated after the manufacturer’s recommended maximum ages of administration
of 15 weeks of age for the first dose and 24 weeks of age for the 2-dose series but were
still within the countries’ recommended ages for vaccination. There was no increased risk
of intussusception during any of the risk windows following either dose in the pooled
analysis or the combined Afghanistan and Pakistan analysis. The number of cases enrolled
in Myanmar was insufficient to assess separately. While the goal of timely vaccination

is important to protect children as young as possible from the most serious outcomes of
rotavirus disease, our findings reinforce the safety of vaccinating all infants with rotavirus
vaccine.

The results presented in this evaluation should be considered alongside a few limitations.
The previously published epidemiology of intussusception cases in Myanmar and Pakistan
is like that of other countries (2, 30, 31), but the actual rates of intussusception among
children <1 year old are unknown in these 3 countries. In other Asian countries, there

is a wide range of underlying baseline intussusception rates and the relationship between
underlying intussusception rates and vaccine-induced intussusception is unknown. However,
even extreme underlying rates should not impact true vaccine-induced intussusception

risk (1). Second, because intussusception is rare and case ascertainment is challenging,
provider awareness of intussusception and availability of specialized equipment for
diagnosis and management is a factor in properly identifying cases. Between and within
Afghanistan, Pakistan, and Myanmar, there is considerable variation in healthcare systems
and accessibility, as well as the availability of pediatric surgeons and enema reduction,
and it is possible not all intussusception cases were identified. Since cases were enrolled
independent of their vaccination status, missed cases should not introduce bias. Finally,
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this evaluation took place in 3 distinct settings during a unique time period and thus the
results may not be generalizable. For example, in addition to the impact of endemic polio

in two countries and the COVID-19 pandemic that were considered in our sub analyses,
Afghanistan experienced an unexpected political power transition in 2021, disrupting access
to the healthcare system. While our results may have limits to their generalizability, they
are consistent with findings from other low-income countries showing no increased risk of
intussusception associated with rotavirus vaccine.

Findings from this evaluation in Afghanistan, Pakistan, and Myanmar add to the growing
body of evidence showing safety of rotavirus vaccines. While this was the 15t such post-
introduction assessment of Rotarix in low-income countries in Asia, it is the 4! evaluation
with any rotavirus vaccine and the 3" with Rotarix in low-income countries that found

no increased risk of intussusception following rotavirus vaccine. This consistency in the
safety of rotavirus vaccination across multiple low- and middle-income countries should be a
reassuring consideration for healthcare providers and decisionmakers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:

In some countries, an increased risk of intussusception was found with
rotavirus vaccination.

We used the self-controlled case series method to assess this association in 3
Asian countries.

There was no association between intussusception and rotavirus vaccination
in these settings.

Factors that decrease rotavirus vaccine performance may also reduce the
intussusception risk.
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Figure 1.

Age at immunization and intussusception symptom onset among confirmed intussusception
cases enrolled at sentinel hospitals in Afghanistan, Myanmar and Pakistan, 2018-2022
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Figure 2.
Number of days confirmed intussusception cases reported intussusception symptom onset

after rotavirus vaccine administration at sentinel hospitals in Afghanistan, Myanmar and
Pakistan, 2018-2022
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Characteristics rotavirus vaccine recommendations, intussusception, and intussusception cases enrolled in
Afghanistan, Pakistan, and Myanmar.

Country Month and year | Recommended ages Enrollment Sentinel Patients age <12 Patients 28-245
of rotavirus of vaccine period hospitals months with Days of Age with
vaccine administration intussusception Intussusception and
introduction Confirmed rotavirus
Vaccination status
Afghanistan | January 2018 6 and 10 weeks May 2018- 4 468 264
March 2022
Pakistan January 2018 6 and 10 weeks May 2018- 4 385 286
March 2022
Myanmar February 2020 2 and 4 months March 2020- 3 41 35
December 2020

Vaccine. Author manuscript; available in PMC 2024 March 12.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Burnett et al.

Table 2.

Page 14

Relative incidence of intussusception in the 1-7, 8-21 and 1-21 day risk windows following the first and
second doses of rotavirus vaccine in Afghanistan, Myanmar and Pakistan and in Afghanistan and Pakistan.

All Afghanistan and Pakistan only

Dose and risk window | No. of cases | Relative incidence (95%Cl) | No. of cases Relative incidence (95%CI)
Dose 1

1-7 days 5 1.01 (0.39, 2.60) 5 1.08 (0.42, 2.80)

8-21 days 19 1.37 (081, 2.32) 14 1.04 (0.57, 1.88)

1-21 days 24 1.28 (0.78, 2.11) 19 0.97 (0.56, 1.69)

Dose 2

1-7 days 10 0.81 (0.42, 1.54) 9 0.76 (0.38, 1.51)

8-21 days 23 0.77 (0.49, 1.21) 18 0.64 (0.39, 1.05)

1-21 days 33 0.78 (0.53, 1.16) 27 0.63 (0.41, 0.97)
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