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Background: Safety of pentavalent (DTwP-HBV-Hib) vaccine has been a 
public concern in India and other countries. This study attempted to docu-
ment the association of serious adverse events following immunization 
(AEFI, including hospitalizations and deaths of all causes) with the 3 doses 
of pentavalent and oral poliovirus (OPV) vaccines.
Methods: A cohort of 30,688 infants in 2 south Indian districts were 
enrolled and followed-up between October 2014 and May 2016, following 
their first vaccination with DTwP-HBV-Hib and OPV at public health facili-
ties. During weekly follow-ups, by telephone or home visits, the serious 
AEFIs (hospitalizations and deaths) occurring any time after each vaccina-
tion until 4 weeks after third dose were documented. The incidence risk 
ratios (IRRs) of serious AEFIs in the first (days 0–6) and fourth weeks (days 
21–27) after the vaccine doses were compared using the poisson regression 
analysis.
Results: Of the 30,688 infants enrolled, 30,208 received their third doses 
of vaccines. During the 4-week periods following each vaccination, there 

were 365 hospitalizations and 17 deaths. Adjusted incidence risk ratio of 3 
doses combined for post-vaccination serious AEFIs during the first week 
compared with fourth week was 0.8 [95% confidence interval: 0.6–1.0].
Conclusions: There was no increased risk of a serious AEFIs during the 
first week after any of the 3 doses of pentavalent and OPV vaccination 
compared with the fourth week. In the absence of any temporal clustering, 
mortality and hospitalization rates observed in vaccinated infants probably 
reflects the natural occurrence of such events.

Key Words: pentavalent vaccine, oral polio vaccine, vaccine safety, serious 
adverse events, hospitalization, death

(Pediatr Infect Dis J 2020;39:389–396)

Vaccination has been one of the major success stories in global 
health, leading to the eradication of deadly diseases like small-

pox and possibly the virtual disappearance of some diseases from 
several regions.1 Over the last 25 years, effective vaccination 
programs have resulted in a >90% decrease in the global disease 
burdens for diphtheria, pertussis, and tetanus, including India.2–4 
However, in spite of the extensive evidence of their benefits, con-
cerns and controversies about the value and safety of vaccines 
continue to impact adversely their acceptance in diverse contexts. 
Public concerns over reports linking autism with measles, mumps, 
and rubella vaccine in the United Kingdom had negative impact on 
vaccine coverage causing several disease outbreaks,5 which spread 
to other countries, such as the United States, France, Italy, and 
the Netherlands.6–9 This misinformation has spread globally. The 
rumor mongering through social media considerably affected vac-
cine coverage during the MR campaigns in south India.10 The grow-
ing global challenge of vaccine hesitancy relates largely to vaccine 
safety concerns, leading to public confidence erosion, which in turn 
dampens the vaccine coverage.11 The Global Advisory Committee 
on Vaccine Safety emphasized the need for thorough investiga-
tion and causality assessment of serious adverse events following 
immunization (AEFI) as a quality assurance mechanism for immu-
nization programs.12

The decreased disease burdens in the developed countries 
have largely been due to the successful implementation of immuni-
zation programs using multivalent combination vaccines. The vac-
cines against diphtheria, tetanus, and pertussis combined (DTwP) 
are in use for several decades under universal immunization pro-
gram. Recently the HBV and Haemophilus influenza type b (Hib) 
have been added to DTwP, known as the pentavalent (DTwP-HBV-
Hib) vaccine. Over the past 15 years Global Alliance for Vaccines 
and Immunizations has supported the introduction of pentavalent 
vaccine in developing countries for protection against invasive 
Hib disease in universal immunization program.13 However, there 
were temporary interruptions and introduction delays in Sri Lanka, 
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Bhutan, Vietnam14 and Pakistan15 during 2011–2016 due to reports 
of hospitalizations and deaths following vaccination after national 
launch of the pentavalent vaccine. Temporal association of vaccina-
tions and sudden infant death syndrome (SIDS) has been the sub-
ject of extensive speculation, despite several studies having refuted 
any causal association,16–18 particularly after the diphtheria-pertus-
sis-tetanus immunization.19

In India, the reports of 32 infant deaths following the pen-
tavalent vaccination as part of the national AEFI surveillance 
between 2011 and 2013 raised concerns, although no causal asso-
ciation could be identified.20 Some professionals and civil society 
groups, however, appealed before the Supreme Court of India to 
ban the pentavalent vaccine.21,22 Although the safety of pentavalent 
vaccine has been documented in the pre-licensure studies,23,24 these 
studies were too small to identify rare adverse events. Thus, it was 
deemed necessary to carry out further investigations on this issue. 
This study was designed in consultation with all key stakeholders 
including the Ministry of Health and Family Welfare, Government 
of India and WHO (advised by Global Advisory Committee on 
Vaccine Safety), to assess the risk of serious AEFIs (hospitaliza-
tions and deaths) following pentavalent vaccination in an infant 
cohort from 2 Indian states, where pentavalent vaccine was first 
introduced.

MATERIALS AND METHODS
The pentavalent vaccine (manufactured by Serum Institute 

of India Ltd., Pune, India) was first introduced in the states of Ker-
ala and Tamil Nadu in December 2011 with a 6, 10 and 14 weeks 
schedule for 3 primary doses. Both states have efficient health 
systems with high vaccination coverage25 and low infant-mortal-
ity rates (IMR): 12 and 21 per 1000 live births in 2013 in Kerala 
and Tamil Nadu, respectively, compared with an overall IMR of 
40 across India.26 This study was conducted in 2 districts, Kollam 
(Kerala State) and Coimbatore (Tamil Nadu State).

Study Design
This prospective self-controlled cohort study enrolled 

infants who received their first dose of pentavalent and oral polio-
virus (OPV) vaccine from the public health system between Octo-
ber 2014 and November 2015 in Kollam district, and between May 
2015 and February 2016 in Coimbatore district.

Recruitment and Data Collection
Infants who received their first dose of pentavalent and OPV 

vaccines at all public health facilities in the 2 districts (District, 
Special and Taluk Hospitals, Community Health Centers, Primary 
Health Centers, Sub-centers) and out-reach points of rural and 
urban areas were traced based on the contact details recorded in the 
immunization registers. Home visits were made to confirm eligibil-
ity (received first dose of vaccine, expected to stay in the district 
for the 6 months follow-up period and contactable by telephone/
mobile) and to enroll infants after obtaining informed written 
consent. Data on maternal care, infant gender, date of birth, birth 
weight, pregnancy-related and neonatal illnesses were collected at 
enrollment. The parent(s) were contacted weekly by telephone or 
home visit to document the health of the infant including any ill-
ness, hospitalization or death. The follow-up contact was continued 
even if the second and third vaccine doses were delayed due to any 
reason. Study staff confirmed receipt of the second and third vac-
cine doses from the vaccination card and the health facility register. 
If infants received their second and third vaccine doses at private 
facilities, a copy of the vaccination card was collected as proof of 
date of exposure. For each dose, the vaccine batch number, date and 
place of administration was documented. Recruited infants were 

followed up to 4 weeks after the third dose of the vaccines or death, 
whichever was earlier. Data were collected on tablets using a cus-
tomized program developed with open source platforms (Android, 
PHP and MySQL version 5.1) and data including other materials 
uploaded, synchronized in the server and stored/deposited in a cen-
tral data repository. An independent International Advisory Group 
(IAG) with vaccine safety experts and Brighton Collaboration rep-
resentation supervised the study implementation including field 
visits. The IAG reanalyzed the data for validation.

Outcomes
This study captured the serious AEFIs which included both 

hospitalizations and deaths due to any cause during the follow-
up period. The details about the events such as clinical features, 
diagnosis, treatment, period and place of hospitalization were 
captured. For hospitalizations, the study team visited the hospital 
for confirmation and followed till outcome to document the infor-
mation. Hospitalization episodes of at least 24-hours as inpatient 
were further categorized as “appropriate,” “inappropriate” and 
“indeterminate” using the Pediatric Appropriateness Evaluation 
Protocol–India criteria. The PAEP-India tool for child and newborn 
were adapted from the available tools and validated in hospitalized 
patients from multiple hospitals in India.27 Each case was assessed 
by 2 independent pediatricians using the PAEP-India tool for child 
and categorized the case based on checklist criteria. A third pedia-
trician was consulted in cases of mismatch between the 2 reviewers. 
For deaths, the study confirmed the event by home visit, followed 
by verbal autopsy by senior investigator 4 weeks later. Causes of 
death were determined independently by 3 pediatricians trained in 
review of verbal autopsies and also referred to available hospital 
records.

Data Analysis
The 4 weeks following every dose of vaccination were con-

sidered to be the observation period with weekly intervals post-
vaccination as separate risk periods (Figure, Supplemental Digi-
tal Content 1, http://links.lww.com/INF/D758). As almost all the 
serious AEFI (deaths and hospitalizations) reported in the passive 
national AEFI surveillance program occurred during the first week 
after any vaccine dose, the first week was considered as the high-
risk period and the fourth week as the comparison period. It was 
hypothesized that, the risks of serious AEFI due to any cause, dur-
ing the first and fourth weeks post-vaccination remain similar for 
each dose of the vaccines.

Person-time of observation was calculated based on the time 
from vaccine administration and the date of occurrence of an event, 
the date of administration of the next vaccine dose (if <28 days), the 
last contact date (if lost to follow-up), date of death or the first 28 
days after vaccination when the next dose was delayed, according 
to the recommended schedule, whichever came first. Follow-up was 
defined by weekly risk windows after each vaccine dose split into 
first (0–6 days), second (7–13 days), third (14–20 days) and fourth 
(21–27 days) weeks. If a subsequent dose was given before the end 
of the fourth week, the follow-up time was censored and follow-
up period was assigned to the subsequent dose. If the next dose 
was delayed, the person-time beyond 27 days after each dose were 
excluded from the analysis. Poisson regression analysis was used to 
estimate the incidence rates (IRs) and incidence rate ratios (IRRs) 
for serious AEFIs (hospitalization and all-cause deaths) during the 
4-consecutive weekly risk periods after each dose separately and 
for all 3-doses combined. IRs were calculated by dividing the num-
ber of events by the corresponding person-time denominator and 
IRRs were calculated by dividing the IR in the risk period of inter-
est by the IR in the fourth week. In a multivariate model, the IRR 

http://links.lww.com/INF/D758
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was adjusted for age at start of risk period (continuous, in days) 
and seasonality (quarterly; January–March, April–June, July–Sep-
tember, and October–December). To assess the potential of healthy 
vaccinee bias, we performed a sensitivity analysis to compare the 
risks in the first week after vaccination following the second and 
third doses with the risks in the fourth weeks of the preceding 
doses. All statistical analyses were performed using Stata version 
15.0 (StataCorp LLC, TX). In addition, all deaths documented were 
reviewed by the national AEFI committee for causality assessment 
according to WHO published methodology.20

Sample Size
Considering the IMR in the study states to be 12–21 per 

1000 live births and a neonatal mortality rate (0–28 days) of 6–15 
per 1000 live births,26 the post-neonatal mortality (29–365 days) 
was expected to be 6 per 1000 live births. This translated to ~0.125 
infant deaths per 1000 live births per week. As there was no infor-
mation about the hospitalization:death ratio in this age group from 
India, we assumed that for every infant death there would be ~4 
hospitalizations. The required sample size was 27,422 infants to 
detect an IRR for hospitalizations and or deaths of 1.8 in the analy-
ses pooling the different doses, assuming a 5% significance level 
(α = 0.05) and 80% power (β = 0.2).28 With the available sample 
(30,688), the observed results show that between the risk periods, 
we are able to detect a risk-ratio of 2.5 and 1.5 (at a 5% significance 
level and 80% power) of serious AEFIs (hospitalization and deaths), 
for individual doses and all 3-doses combined, respectively.

Ethical Approvals
The study protocol and related documents were approved 

by ethics committees of participating institutes. The infants were 
recruited after obtaining informed written consent from parents or 
legally authorized representatives. The study protocol and related 
documents were approved by Institute Ethics committees at The 
INCLEN Trust International (INCLEN) (vide IIEC-021 dated 
October 14, 2013), Government Medical College, Thiruvanan-
thapuram (vide 01/01/2014 dated January 17, 2014), PSG Insti-
tute of Medical Sciences and Research, Coimbatore (vide 13/351 
dated March 5, 2014) and World Health organization, Geneva (vide 
RPC625 dated January 22, 2014).

RESULTS
During the study period, 34,914 infants received their 

first dose of pentavalent and OPV vaccines at the public health 
facilities. Of these, 1377 (3.9%) infants could not be traced, 2818 
(8.1%) were not eligible (1287 were not staying in the district for 
6 months, and 1531 were from other districts) and consent was 
refused for 31 (0.1%) infants. Of the 30,688 infants recruited, 
30,208 (98.4%) received their third vaccine dose and 29,728 
(96.9%) completed the scheduled follow-up (Fig. 1). Of 479,523 
scheduled weekly follow-up contacts (including the contacts dur-
ing the intervals between the different vaccine doses till comple-
tion of 4 weeks after third dose), 89.9% were completed with aver-
ages of 4.4 (dose 1), 4.8 (dose 2) and 4.9 (dose 3) contacts for the 
vaccine doses (data not shown).

Baseline characteristics of the cohort are summarized in 
Table 1. No age or sex differences were observed across the dis-
tricts. The Kollam population had a higher proportion of low and 
median socio-economic status and joint or extended families. 
Median ages of infants were 48, 83 and 118 days at the times of the 
first, second and third vaccine doses, respectively. A total of 622 
hospitalizations and 32 deaths were documented during the follow-
up period.

Within the 4 weeks after the 3 vaccine doses (per protocol 
study risk periods), a total of 365 hospitalizations (120, 137 and 
108 after doses 1, 2 and 3, respectively) were documented. Of these 
365 hospitalizations, 288 were classified as appropriate (96, 106 
and 86 after doses 1, 2 and 3, respectively). A total of 257 hos-
pitalizations (92, 136 and 29 after doses 1, 2 and 3, respectively) 
occurred after fourth weeks of the first and second doses of vacci-
nation (Fig. 1). Pneumonia/acute respiratory infection (70.1%) was 
the leading cause followed by diarrhea (6.4%), fever (4.3%) and 
urinary tract diseases (3.1%) during the 4 week and post-4 week 
periods after the vaccine doses (Table, Supplemental Digital Con-
tent 2, http://links.lww.com/INF/D759).

Of the 32 total deaths observed, 17 deaths (8,7 and 2 after 
doses 1, 2 and 3, respectively) occurred within 4 weeks after 3 vac-
cine doses, while 15 deaths (11, 3 and 1 after doses 1, 2 and 3, 
respectively) occurred during post-4 weeks period, (Fig. 1). The 
leading causes of death included infections (31.3%), congenital 
malformations (28.1%), congenital heart diseases with infections 
(15.6%), SIDS (15.6%) and other causes (9.4%) (Table, Supple-
mental Digital Content 2, http://links.lww.com/INF/D759). Almost 
all congenital malformations were diagnosed prior to death. The 
SIDS was made based on Brighton Collaboration Criteria.29 Causal-
ity assessment by the National AEFI committee classified all deaths 
as coincidental. Differentials in causes of hospitalization and death 
during the first 4-weeks (0–27 days) and post-4 weeks (28+ days) 
after vaccination were small (Table, Supplemental Digital Content 
2, http://links.lww.com/INF/D759). Figures 2 and 3 show the IRs 
of serious AEFIs (hospitalization and deaths) by age and season-
ality. Higher serious AEFI (hospitalization and deaths) rates were 
observed during 91 and 146 days of age (Fig. 2); between October 
and December, with a peak in December due to higher prevalence 
of respiratory illnesses (Fig. 3).

Serious AEFIs (Hospitalization and Deaths) Within 
4 Risk-periods

The occurrence of serious AEFIs (hospitalization and 
deaths) across the risk-periods for the 3 doses are summarized in 
Table 2. Within the 4 weeks after the 3 vaccine doses, a total of 375 
serious AEFIs (365 hospitalizations, 17 deaths and 7 hospitaliza-
tion and deaths) occurred (125, 140 and 110 after doses 1, 2 and 3, 
respectively) (Fig. 1). For all-3 doses combined, the adjusted IRRs 
of serious AEFIs within the first week compared with the fourth 
week were 0.8 [95% confidence interval, (CI): 0.6–1.0]. Compared 
with the fourth week, the adjusted IRRs of serious AEFIs for the 
first week after first, second and third doses were 1.2 (95% CI: 0.8–
1.9), 0.9 (95% CI: 0.6–1.5) and 0.5 (95% CI: 0.3–0.9), respectively. 
IRRs for serious AEFIs were not significantly higher in any of the 
other risk periods (second or third weeks) either for the 3 doses 
separately or for all doses pooled. Analyses of hospitalizations 
according to appropriateness did not show any increased risk in any 
week compared with the fourth week after any dose (Tables, Sup-
plemental Digital Content 3, http://links.lww.com/INF/D760, and 
Supplemental Digital Content 4, http://links.lww.com/INF/D761). 
The sensitivity analysis comparing the rates of serious AEFI in the 
first week after the second or third doses with the fourth week after 
the first or second doses did not show any differences, suggesting 
the absence of a healthy vaccinee effect (Table 2).

DISCUSSION
This is the first large study to examine the association 

between administration of routine infant pentavalent and OPV vac-
cines and serious AEFIs (all-cause hospitalizations and/or deaths) 
in India, using a self-controlled prospective cohort design. We have 
shown that the unadjusted and adjusted risks of hospitalizations 

http://links.lww.com/INF/D759
http://links.lww.com/INF/D759
http://links.lww.com/INF/D759
http://links.lww.com/INF/D760
http://links.lww.com/INF/D761


Arora et al The Pediatric Infectious Disease Journal • Volume 39, Number 5, May 2020

392 | www.pidj.com © 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

FIGURE 1. Selection and follow-up of the study population in the study districts and distribution of events. *Received 
first dose at public health facilities; ¶ lost contact is “Lost contact during the period”; †last contact defined as “Received 
respective vaccination and time period at last follow-up contact”; ‡appropriate hospitalizations as per expert opinion and 
identified using PAEP criteria. KE-Kerala; TN-Tamil Nadu. 
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and deaths after any of the 3 scheduled doses of routine vaccines 
were similar during the first and fourth weeks post-vaccination, 
for either each dose separately, or all doses combined. Due to low 
death rates,we could not perform analyses for each individual dose 
but the combined analysis and analyzing the first dose only did not 
indicate any death clusters following vaccination.

In a highly immunized population, self-controlled study 
designs with defined risk windows for outcome assessment are best 

suited to assess possible effects during a specific time period as they 
are not susceptible to control selection.30 Activation of the immune 
response to different vaccines occurs at different time points accord-
ing to the nature of the antigen.18,31–34 Hence, in the current study, we 
considered the first week after vaccination to represent the period of 
highest risk and the fourth week to be the comparison period. The 
findings of our study refute the concern of an association between 
serious adverse events and the pentavalent vaccine.

TABLE 1. Characteristics of Study Infants and Their Households

Characteristic
Kollam  

(N = 17,821)
Coimbatore  
(N = 12,867)

Combined  
(N = 30,688)*

Sex of the child (%)    
    Males 50.3 50.4 50.3
    Females 49.7 49.6 49.7
Median age at vaccination in days (P25, P75)    
    Dose 1 47 (45, 50) 49 (46, 53) 48 (45, 51)
    Dose 2 83 (79, 88) 83 (77, 90) 83 (78, 89)
    Dose 3 118 (113, 127) 117 (109, 127) 118 (111, 127)
Birth order (%)    
    1 58.7 49.4 54.8
    2 37.0 43.0 39.5
    ≥3 4.3 7.6 5.7
Household standard of living index (%)    
    Low 26.0 7.7 18.3
    Middle 56.8 45.3 52.0
    High 17.2 47.0 29.7
Type of family (%)    
    Nuclear/elementary family 32.7 57.0 42.9
    Joint/extended 67.3 43.0 57.1
Age of mother in years (mean ± SD) 25.9 ± 4.3 24.9 ± 4.2 25.5 ± 4.3
Education of mother (%)    
    Illiterate 0.1 2.0 0.9
    Literate 99.9 98.0 99·1
       Mean ± SD (in years) 12.9 ± 2.7 11.1 ± 3.3 12·1 ± 3.1
Age of father in years (Mean ± SD) 32.2 ± 4.5 30.2 ± 4.7 31.4 ± 4.7
Education of father (%)    
    Illiterate 0.1 3.0 1.3
    Literate 99.9 97.0 98.7
       Mean ± SD (in years) 11.8 ± 2.7 10.5 ± 3.4 11.1 ± 3.3
Received any ANC care (%) 98.9 92.5 96.2

*Total includes a small number of cases information missing for type of family, standard of living index (2 each in Kollam); Age of 
mother (20 in Kollam and 12 in Coimbatore); education of mother (14 in Kollam and 6 in Coimbatore); education of father (36 in Kollam 
and 16 in Coimbatore) and birth order (53 in Kollam and 40 in Coimbatore, respectively). Standard of living index (a proxy to household 
socio-economic status), constructed based on household assets and durable goods.

FIGURE 2. Serious AEFI (hospitalization and all-cause deaths) incidence rates (per 100,000 person-days with exact 95% CI 
as shaded area) by age (independent of vaccination windows). Incidence per 100,000 person-days (with exact 95% CI as 
shaded area); Week defined as 6-days period, starting on day-0; Person-time starts from age at first dose of vaccination and 
duration until the first and last day of the age period or until the Serious AEFI (hospitalization/death) events (succeeding 
vaccinations not considered). The hospitalization incidence presented in the figure is between 42 and 153 days of age, 
where 98.6% [(3,402,860/3,451,027)*100] of follow-up calls/visits were made. 
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The main strength of the study is the representativeness of 
the study cohort with respect to the population in the study area due 
to the high rates of participation and completion of follow-up. The 
socioeconomic status of the population enrolled in the study was 
highly representative of the overall population in the 2 districts. Use 
of electronic data collection enabled timely follow-up and accurate 
data capture with real-time monitoring. Documentation of hospital-
ization from both participants and hospitals allowed confirmation 
of causes of hospitalizations and deaths. In addition, the availability 

of source documents and vaccination records ensured accurate con-
firmation of vaccine exposure.

The main limitation was possible selection bias, as infants 
received first vaccine dose in the private system were not repre-
sented in the study. However, according to recent National Family 
Health Survey (NFHS-4, 2015–2016) data, 78% and 86% of chil-
dren 12–23 months of age in Kerala and Tamil Nadu, received their 
vaccines from a public health facility.25 We could not trace 3.9% 
infants due to inaccurate address information and 8.1% could not 

0.0
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FIGURE 3. Serious AEFIs (hospitalization and all-cause deaths) incidence rates (per 100,000 person-days with exact 95% 
CI) by calendar months. Incidence per 100,000 person-days (with exact 95% CI); *Calendar month with 30-days period, 
irrespective of study year period; Person-time starts from the first day of the month and until the last day of the month 
period or until the Serious AEFI events (hospitalization/death). 

TABLE 2. Serious AEFIs (Hospitalization and All-Cause Deaths) IRs and IRRs (Unadjusted and Adjusted) After 
Pentavalent and Oral Polio Vaccines: Combined for Both Districts, Kollam (Kerala) and Coimbatore (Tamil Nadu), India

Vaccine dose/risk period  
(in days)*

Total number of
Incidence-rate  
(IR, with exact 

95% CI)

IRRs, with 95% CI

Events
Person-time  

(in days) Unadjusted P Adjusted† P

Dose-1        
    0–6 days 36 214,702 16.8 (11.7–23.2) 0.9 (0.6–1.5) 0.808 1.2 (0.8–1.9) 0.407
    7–13 days 23 214,740 10.7 (6.8–16.1) 0.6 (0.4–1.0) 0.056 0.7 (0.4–1.2) 0.206
    14–20 days 28 214,693 13.0 (8.7–18.9) 0.7 (0.5–1.2) 0.216 0.8 (0.5–1.3) 0.368
    21–27 days‡ 38 214,158 17.7 (12.6–24.4) Reference  Reference  
Dose-2        
    0–6 days 31 213,472 14.5 (9.9–20.6) 0.8 (0.5–1.2) 0.233 0.9 (0.6–1.5) 0.740
    7–13 days 34 213,400 15.9 (11.0–22.3) 0.8 (0.5–1.3) 0.409 0.9 (0.6–1.5) 0.811
    14–20 days 34 213,306 15.9 (11.0–22.3) 0.8 (0.5–1.3) 0.411 0.9 (0.6–1.4) 0.592
    21–27 days‡ 41 212,523 19.3 (13.8–26.2) Reference  Reference  
Dose-3        
    0–6 days 14 211,294 6.6 (3.6–11.1) 0.4 (0.2–0.8) 0.005 0.5 (0.3–0.9) 0.026
    7–13 days 39 210,847 18.5 (13.2–25.3) 1.1 (0.7–1.8) 0.582 1.3 (0.8–2.0) 0.294
    14–20 days 23 210,418 10.9 (6.9–16.4) 0.7 (0.4–1.1) 0.142 0.7 (0.4–1.2) 0.207
    21–27 days‡ 34 209,168 16.3 (11.3–22.7) Reference  Reference  
All 3 doses        
    0–6 days 81 639,468 12.7 (10.1–15.7) 0.7 (0.5–0.9) 0.020 0.8 (0.6–1.0) 0.068
    7–13 days 96 638,987 15.0 (12.2–18.4) 0.8 (0.6–1.1) 0.226 0.9 (0.7–1.2) 0.374
    14–20 days 85 638,417 13.3 (10.6–16.5) 0.7 (0.6–1.0) 0.044 0.8 (0.6–1.0) 0.062
    21–27 days‡ 113 635,849 17.8 (14.7–21.4) Reference  Reference  
Sensitivity analyses        
    0–6 days of dose-2 31 213,472 14.5 (9.9–20.6) 0.8 (0.5–1.3) 0.408 0.7 (0.4–1.1) 0.117
    21–27 days of dose-1‡ 38 214,158 17.7 (12.6–24.4) Reference  Reference  
    0–6 days of dose-3 14 211,294 6.6 (3.6–11.1) 0.3 (0.2–0.6) 0.001 0.3 (0.2–0.6) 0.001
    21–27 days of dose-2‡ 41 212,523 19.3 (13.8–26.2) Reference  Reference  

*Risk period corresponds to date of hospitalization (considered as at least 24-hours stay in the hospital) or all-cause death after administration of vaccination (in days); The day 
of vaccination defined as day-0.

†Adjusted for seasonality (January–March, April–June, July–September, October–December); age at start of risk period (in days), using Poisson regression model.
‡Twenty-one to 27 days as reference category; IR: Number of events per 100,000 person-days of follow-time, calculated as the ratio of the hospitalizations of the person-time at 

risk.
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be included due to moving out or residing outside of the 2 districts. 
To control for confounding by contraindication to vaccination, pre-
vaccination time intervals were not included in the control periods 
in the main analysis. Sensitivity analyses performed to assess the 
potential of a healthy vaccinee bias did not suggest presence of this. 
The study was also limited in detecting small changes for deaths, 
despite the large sample size.

The study found that 128 serious adverse events (120 hospi-
talizations and 8 deaths) occurred among 30,000 infants during the 4 
weeks after receiving their first dose of pentavalent vaccine. Calculat-
ing based on Black et al35 and projected on a 26 million annual Indian 
birth cohort, it is estimated that with national coverage of 100% at a 
minimum 26,500 infants per year will suffer a serious health event 
within 1 week of receiving their first dose of pentavalent vaccine, or 
there will be at least 21,200 events with the current 3-dose coverage 
of ~80% for pentavalent vaccine.25 These events reflect prevailing 
morbidities and mortality that would have occurred regardless of vac-
cination as documented in 2 Indian districts with low infant mortal-
ity. Investigating these events to ensure that the vaccine product or its 
administration are safe remains a fundamental function of the vaccine 
pharmacovigilance system. This highlights the importance of con-
tinued monitoring of common serious health problems in the infant 
population to measure the health burden and provide new epidemio-
logic information on the true causes of morbidity and mortality in 
this group.

The study did not find any increased risk of serious AEFIs 
(all-cause hospitalizations or deaths) in the first week following 
pentavalent (and OPV) vaccination and the occurrence of these 
AEFIs were just coincidental. That is, in the absence of tem-
poral clustering, mortality and hospitalization rates observed 
in vaccinated children reflect the natural occurrence of such 
events in that age range in this part of India. The study findings 
should help to address the vaccine safety concerns and contro-
versies around the pentavalent vaccine in India and other low- 
and middle-income countries, and so boost public confidence in 
the program. Suspicion about a possible relationship between 
the vaccination and serious AEFIs among parents, communities 
and the health providers may not only threaten the success of 
immunization programs but also potentially hinder introduction 
of newer vaccines.

CONCLUSIONS
Close monitoring of over 30,000 infants during and after 

receiving their first 3 doses of DTwP-HBV-Hib and OPV did not 
identify any relationship between the vaccinations and the occur-
rence of serious AEFIs (hospitalization and/or death). The study 
did document the huge number of serious coincidental events that 
can be expected even when vaccines are properly administered. 
In view of the recent inclusion of several new vaccines into the 
immunization program in India, the findings of this study will be 
very useful in addressing vaccine hesitancy and safety concerns to 
increase public acceptance and coverage.
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