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ABSTRACT

Introduction As new vaccines are developed

more vaccine coadministrations vaccines are being
offered to make delivery more practical for health
systems and patients. We compared the safety of
coadministered vaccines with separate vaccination for 20
coadministrations by considering nine types of adverse
events following immunisation (AEFI).

Methods Real-life immunisation and adverse event
data for this observational cohort study were extracted
from the Oxford-Royal College of General Practitioners
Research and Surveillance Centre for children registered
in the database between 2008 and 2018. We applied the
self-controlled case series method to calculate relative
incidence ratios (RIR) for AEFI. These RIRs compare the RI
of AEFI following coadministration with the Rl following
separate administration of the same vaccines.

Results We assessed 3 518 047 adverse events and
included 5 993 290 vaccine doses given to 958 591
children. 17% of AEFI occurred less and 11% more
frequently following coadministration than would have
been expected based on the RlIs following separate
vaccinations, while there was no significant difference
for 72% of AEFI. We found amplifying interaction effects
for AEFI after five coadministrations comprising three
vaccines: for fever (RIR 1.93 (95% CI 1.63 to 2.29)), rash
(RIR 1.49 (95% Cl 1.29 to 1.74)), gastrointestinal events
(RIR 1.31 (95% CI 1.14 to 1.49)) and respiratory events
(RIR 1.27 (1.17-1.38)) following DTaP/IPV/Hib+MenC+
PCV; gastrointestinal events (RIR 1.65 (95% Cl 1.35 to
2.02)) following DTaP/IPV/Hib+MenC+ RV; fever (RIR
1.44 (95% Cl 1.09 to 1.90)) and respiratory events

(RIR 1.40 (95% Cl 1.25 to 1.57)) following DTaP/IPV/
Hib+PCV+ RV; gastrointestinal (RIR 1.48 (95% Cl 1.20 to
1.82)) and respiratory events (RIR 1.43 (95% Cl 1.26 to
1.63)) following MMR-+Hib/MenC+PCV; gastrointestinal
events (RIR 1.68 (95% Cl 1.07 to 2.64)) and general
symptoms (RIR 11.83 (95% CI 1.28 to 109.01)) following
MMR-+MenC+PCV. Coadministration of MMR+PCV

led to more fever (RIR 1.91 (95% Cl 1.83 to 1.99)),
neurological events (RIR 2.04 (95% Cl 1.67 to 2.49)) and
rash (RIR 1.06 (95% CI 1.01 to 1.11)) compared with
separate administration, DTaP/IPV/Hib+MMR to more
musculoskeletal events (RIR 3.56 (95% Cl 1.21 to 10.50))
and MMR+MenC to more fever (RIR 1.58 (95% Cl 1.37
t0 1.82)). There was no indication that unscheduled

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Vaccine coadministration may lead to interactions
between individual products and alter health out-
comes. Information about the safety of real-life
vaccine coadministrations versus separate vaccina-
tions is scarce and a potential source for vaccine
hesitancy.

WHAT THIS STUDY ADDS

= Coadministering two vaccines decreases the relative
incidence of severaladverse events following immu-
nisation (AEFI) compared with separately adminis-
tering the respective vaccines, while adding a third
vaccine can lead to a higher than expected relative
incidence of AEFI.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Real-life relative incidence ratios of AEFI justify
the coadministration of routine childhood vaccines
as recommended in immunisation schedules.
Nevertheless, health systems should run enhanced
surveillance for a comprehensive monitoring of the
burden of AEFI following vaccine coadministration.

coadministrations are less safe than scheduled
coadministrations.

Conclusion Real-life RIRs of AEFI justify coadministering
routine childhood vaccines according to the immunisation
schedule. Further research into the severity of AEFI
following coadministration is required for a complete
understanding of the burden of these AEFI.

INTRODUCTION

As new vaccines are developed to protect
against a growing number of vaccine-
preventable diseases, vaccine coadministra-
tions will gain importance to make immu-
nising more practicable for health systems and
patients globally. Vaccine coadministration
practices cost-effectively facilitate the intro-
duction of new vaccines into immunisation
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Figure 1 Coadministrations in the routine paediatric immunisation schedule NHS 2018. NHS, National Health Service.

programmes and improve coverage rates.'” According to
the National Health Service and Public Health England’s
immunisation schedule for 2018, between two and four
vaccines were scheduled for coadministration at six
time points between birth and 14 years, adding up to
17 vaccines (first and subsequent doses) for 16 different
antigens (figure 1).° However, coadministering vaccines
may lead to interactions between individual products
and alter their health outcomes.” Therefore, insights
in the effectiveness and safety profiles of vaccine coad-
ministration are essential to inform vaccination regi-
mens.” Furthermore, safety information can overcome
uncertainties about the health outcomes of coadminis-
tered vaccines, which is a driver for vaccine hesitancy in
parents.'’ !

All recommended paediatric routine immunisations
can be coadministered and there are no recommenda-
tions against coadministration, unless reported in the
Summary of Product Characteristics.'”” '* Coadministra-
tion is explicitly endorsed by the WHO for some vaccines,
while it does not mean that the vaccines without such
endorsement cannot be coadministered.'* Furthermore,
studying the safety of paediatric immunisation sched-
ules, for example, whether health outcomes differ for
children who receive fewer immunisations per physician
visit, is recommended by the Institute of Medicine."> A
recent literature review showed that the safety of vaccine
coadministrations versus separate vaccinations is mostly
assessed in prelicensure clinical trials, while data on the
extent and impact of vaccine coadministrations in real life
postlicensure are scarce.'® To fill this gap, we compared
the safety of coadministering vaccines versus the safety of
separately administering the same vaccines for 20 coad-
ministrations including real life both schedule and oft-
schedule coadministrations

METHODS

The study population and data collection methods were
previously described in detail.'” ** In brief, data for our
observational cohort study were extracted from the
Oxford-Royal College of General Practitioners Research
and Surveillance Centre, a national, electronic primary
healthcare medical record database, representative of
the English population.' * We included all children
between 0 and 18 years old during the study period
from 1 January 2008 to 31 December 2018. Children
were excluded from analyses if they were registered in
the database after the scheduled age for the first dose of
a vaccine. The extracted data were pseudonymised and
managed according to privacy and data protection regu-
lations. Neither patients nor the public were involved in
this study.

We included paediatric vaccines that were given in the
10 most frequent vaccine coadministrations according to
the immunisation schedule and the ten most frequent
unscheduled coadministrations (vaccines that were never
scheduled together) between 2008 and 2018: DTaP/IPV/
Hib, DTaP/IPV, dTaP/IPV, Td/IPV, MMR, PCV, MenB,
MenC, Hib/MenC, RV and HPV.” '® *'*** The selected
vaccine coadministrations are presented in table 1."® An
overview of the changes in the immunisation schedule
during the study period has been documented before."”
We collected the vaccination types and dates for each
vaccination. Records with a missing patient-ID, vaccina-
tion type or date were excluded. We selected 33 poten-
tial adverse events following immunisation (AEFI) based
on their occurrence in previous studies'® and grouped
these in 9 types of AEFI as listed in table 2. All event dates
during the study period for each of the included children
were collected.
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Table 1 Number of scheduled and off-schedule vaccine coadministrations'®

Coadministrations according to schedule* n % Off-schedule coadministrations n %

DTaP/IPV/Hib+PCV 274 919 13.9 MMR+Td/IPV 10927 0.6
DTaP/IPV or dTaP/IPV+MMR 205 362 10.4 MenC+MMR + PCV 8779 0.4
DTaP/IPV/Hib+MenC 194 083 9.8 DTaP/IPV/Hib+MMR 7452 0.4
DTaP/IPV/Hib+MenC+PCV 180 688 9.2 DTaP/IPV or dTaP/IPV+PCV 6800 0.3
Hib/MenC+MMR+PCV 148 218 7.5 MenC+MMR 4922 0.2
MMR+PCV 91134 4.6 DTaP/IPV or dTaP/IPV+Hib/MenC+MMR 2834 0.1
DTaP/IPV/Hib+MenC+RV 89 332 4.5 DTaP/IPV/Hib+MenB + MenC + RV 2748 0.1
DTaP/IPV/Hib+PCV+RV 74 704 3.8 DTaP/IPV or dTaP/IPV+Hib/MenC 2127 0.1
DTaP/IPV/Hib+MenB+PCV 42 154 2.1 MenB+MenC + MMR + PCV 1630 0.1
DTaP/IPV/Hib+RV 40 668 2.1 HPV+Td/IPV 1273 0.1
Total 1341262 67.8 Total 49492 25

*Vaccine coadministrations given according to the immunisation schedule valid at the moment of vaccination.

We used the self-controlled case series (SCCS) method
to compare the relative incidences (RI) of each type of
AEFI after vaccine coadministration with their RI after
separate administrations of the same vaccines. The RI
compares the incidence of events in a risk period with
the incidence in a control period for the same individual.
The risk period was defined as 42 days postvaccination.
Events in overlapping risk periods were allocated to the
most recent exposure. The unexposed period encom-
passed the remaining time that children were registered
in the database during the study period while between 0
and 18 years of age, whereby the observation period was
partitioned by ages.

The SCCS model estimates the RI of an AEFI for each
vaccine in absence of other vaccines, corresponding to a
separate vaccine administration. These Rls are estimated
by a fitted SCCS conditional Poisson model using the
SCCS method.* * When estimating the RI as a depen-
dent variable, the regression model includes the inde-
pendent variables: age effects; exposure effects of each
of the separate vaccines; exposure effects of any vaccines
coadministered. The latter covariate is thus an interac-
tion term for the effect of coadministration on the indi-
vidual vaccines’ RIs. This term can be interpreted as an
Rl ratio (RIR) (RIR, .} because it corresponds to the
ratio of the RI in the coadministration group (RI . ..~
wea) compared with the RI in the designated reference
group with separate vaccinations (eg, RI 31
The factors relate as follows:

RIR - ion = RLdministerea / (Rlvucciue a vaccine b)

An interaction term significantly less than 1 (p<0.05)
indicates an inhibitory interaction effect as the R[ .
wa Will be lower than expected based on the Rls of the
separately administered vaccines. An interaction term
significantly greater than 1 (p<0.05) indicates an ampli-
fying interaction effect. Vaccination ages were included
as a vector in the SCCS model to stratify the analyses and
account for age-related differences in incidences. These
analyses were performed in R** using the SCCS package.*

vaccine a’ vaccine b) .

RESULTS

A total of 5 993 290 vaccine doses delivering 13 920 730
antigen exposures to 958 591 children met our inclusion
criteria for analysis. This study population was represent-
ative for the entire population in the database."” Twenty
per cent of the included vaccines were given separately,
while 80% were coadministered: 37% were coadministra-
tions of two, 34% were coadministrations of three and 8%
were c-administrations of four vaccines. The patterns of
coadministration for each vaccine are shown in figure 2.
Our study included 3 518 047 adverse events, which are
categorised and quantified in table 2. The numbers of
adverse events in the control and risk periods, which
were included in the SCCS analysis, are listed in table 3.

Coadministrations of two vaccines
Table 4 presents the RIRs of the adverse events analysed
following vaccine coadministrations. The Rls of adverse
events following coadministration of DTaP/IPV/
Hib+PCV, DTaP/IPV or dTaP/IPV+Hib/MenC, DTaP/
IPV or dTaP/IPV+MMR, DTaP/IPV or dTaP/IPV+PCV,
MMR+Td/IPV or Td/IPV+HPV were not increased as
compared with the separate administration of these
vaccines. The RIs of respirato-ry events were lower
(RIR<1, p<0.05) than expected based on the separate
immunisations after all coadministrations of two vaccines
except Td/IPV+HPV. We also found lower Rls of gastro-
intestinal events after seven, and less local events and
rash after each three coadministrations of two vaccines.
While the coadministration of MMR+PCV had an
inhibitory interaction effect on gastrointestinal events,
local symptoms and respiratory events, it led to a higher
RI of fever (RIR 1.91, 95% CI 1.83 to 1.99), neurolog-
ical events (RIR 2.04, 95% CI 1.67 to 2.49)—particularly
convulsions—and rash (RIR 1.06, 95% CI 1.01 to 1.11).
Also coadministration of DTaP/IPV/Hib+MMR led to a
higher RI of musculoskeletal events (RIR 3.56, 95% CI
1.21 to 10.50) and MMR+MenC to a higher RI of fever
(RIR 1.58,95% CI 1.37 to 1.82).
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Table 2 Frequency of adverse events included in the study

Type n % Events n %
Fever 446 223 12.68 Fever symptoms 268 921 7.64
High fever (>39.5°C) 5334 0.15
Mild fever (<38.5°C) 139 397 3.96
Moderate fever (38.6°C-39.5°C) 32 571 0.93
Gastrointestinal 432 509 12.29 Diarrhoea 218 436 6.21
Loss of appetite 9520 0.27
Nausea 23177 0.66
Vomiting 181 376 5.16
General symptoms 245 240 6.97 Drowsiness 771 0.02
Fatigue 41285 1.17
Headache 153 319 4.6
Malaise 45 383 1.29
O/E—irritable 4482 0.13
Local symptoms 259 0.01 Local erythema 259 0.01
Musculoskeletal 136 835 3.89 Myalgia 134 940 3.84
Postimmunisation arthropathy 1895 0.05
Neurological 32 363 0.92 Bell’s palsy 1807 0.05
Convulsion/febrile convulsion 27 688 0.79
Guillain-Barre syndrome 113 0.00
Tremor 2755 0.08
Rash 511 090 14.53 Rash 511 090 14.53
Respiratory/miscellaneous 1679 864 47.75 Acute conjunctivitis 311 701 8.86
Acute coryza 55 489 1.58
Cough 841 733 23.93
Epistaxis 59 632 1.70
Hoarse 4120 0.12
Nasal airway obstruction 54 162 1.54
Rhinorrhoea 14 579 0.41
Sore mouth/throat pain 219 808 6.25
Wheezing 118 640 3.37
Sensitivity/anaphylaxis 33 664 0.96 Adverse drug reaction/vaccine allergy 29 217 0.83
Drug-induced anaphylaxis 1058 0.03
Facial swelling 3389 0.10
Total 3518 047 100% Total 3518 047 100.00

Fever and neurological events occurred less frequently
(RI<I) after the vaccination of either separate or coad-
ministration of DTaP/IPV/Hib+MenC, compared with
the control periods. We observed the same for fever
following DTaP/IPV/Hib+RV. However, the RIRs of these
AFEFI after coadministration indicated an amplifying
interaction effect compared with separate vaccinations
(RIR>1, p<0.05), although this effect did not raise the
resulting RI’s following coadministration above 1. Thus,
these AEFIs remained less frequent than in the control
periods.

Coadministrations of three vaccines
While the coadministration of DTaP/IPV/Hib+PCV had
an inhibitory interaction effect on fever, gastrointestinal

events, rash and respiratory events compared with these
vaccines’ separate administrations, adding a third vaccine
was associated with an RIR>1 (p<0.05) for these events in
the coadministration of, DTaP/IPV/Hib+MenC + PCV
(RIR 1.93, 95% CI 1.63 to 2.29; RIR 1.31, 95% CI 1.14
to 1.49; RIR 1.49, 95% CI 1.29 to 1.74; RIR 1.27, 95%
CI 1.17 to 1.38). As a result, the Rls of these AEFI were
higher than what would have been expected based on the
RIs of these vaccines’ separate administrations—particu-
larly for diarrhoea, acute conjunctivitis and cough. Simi-
larly, despite the inhibitory effect on gastrointestinal and
respiratory events of DTaP/IPV/Hib+PCV, DTaP/IPV/
Hib+MenC and DTaP/IPV/Hib+RYV, the RI of gastroin-
testinal events—particularly vomiting—was higher after

4
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Figure 2 Proportions of routine paediatric vaccines coadministered.

DTaP/IPV/Hib+MenC+RV (RIR 1.65, 95% CI 1.35 to
2.02) and the RI of respiratory events—articularly acute
conjunctivitis, cough and wheezing—was higher after
DTaP/IPV/Hib+PCV+RV (RIR 1.40, 95% CI 1.25 to
1.57). The latter also resulted in more fever (RIR 1.44;
95% CI 1.09 to 1.90). For the other AEFI included in
this study, there was an inhibitory or no significant effect
on the Rls following coadministration of DTaP/IPV/
Hib+MenB+PCV, DTaP/IPV/Hib+MenC+PCV, DTaP/
IPV/Hib+MenC+RV and DTaP/IPV/Hib+PCV+RV (see
table 4).

Coadministering MMR+MenC and MMR+PCV had
an inhibitory interaction effect on gastrointestinal and
respiratory events, as well as local symptoms (erythema)
for the latter, compared with separate vaccine adminis-
trations, while coadministering MMR+MenC+PCV was
associated with an RIR>1 (p<0.05) for gastrointestinal
events (RIR 1.68, 95% CI 1.07 to 2.64)—particularly
vomiting—and general symptoms (RIR 11.83, 95% CI
1.28 to 109.01). Also the RIRs for gastrointestinal (RIR
1.48, 95% CI 1.20 to 1.82)—particularly diarrhoea and
vomiting—and respiratory events (RIR 1.43, 95% CI
1.26 to 1.63)—acute conjunctivitis and cough—were >1
(p<0.05) after MMR+Hib/MenC+PCV. There was no
or an inhibitory interaction effect of coadministering
MMR+Hib/MenC+PCV, MMR+MenC + PCV, or DTaP/
IPV or dTaPIPV+tMMR+Hib/MenC on the other events
included in this study (see table 4).

Coadministration of four vaccines

Adding a fourth vaccine did not significantly alter the
amplifying effects observed when coadministering three
vaccines for any of the investigated AEFI.

DISCUSSION
The RIs following vaccine coadministration for most of
the analysed AEFI (72%) were not significantly different
from what would have been expected based on the Rls
following separate administration of the respective
vaccines, while we found an amplifying effect following
coadministration for 11% and an inhibitory effect for
17% of AEFI studied. Although studies comparing the
safety of coadministration with separate vaccination are
rare, an earlier literature review found increased AEFI
following coadministration in 16% of studies, less AEFI
following coadministration in 10% of studies, while the
majority of studies found no statistically significant differ-
ences in the incidence of any AEFI following coadmin-
istration compared with separate administration of the
same vaccines.'® We found more differences in the inci-
dence between coadministration and separate adminis-
tration of vaccines, likely because our study was designed
specifically to detect such differences while the majority
of reviewed studies were clinical trials not designed to
demonstrate statistically significant safety differences.'®
Half of the 20 investigated vaccine coadministrations
led to a higher reactogenicity for at least one AEFL
We found amplifying interaction effects for five out of
seven investigated coadministrations of three vaccines.
Such an increased reactogenicity is often reported
when coadministering three vaccines. DTaP/IPV/Hib+-
MenC+PCV led to more fever, rash, gastrointestinal and
respiratory events compared with the separate admin-
istration of these vaccines. Other studies also reported
fever, local and general symptoms, and gastrointestinal
events following this coadministration.” * We found
increased gastrointestinal events (vomiting) after DTaP/
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IPV/Hib+MenC+RV compared with separate administra-
tion, which were also detected in another study, together
with general symptoms.'® ** DTaP/IPV/Hib+PCV+RV
led to more fever and respiratory events compared with
separate administration. Fever, local and general symp-
toms, and gastrointestinal events were often reported in
another study on DTaP/IPV/Hib+PCV+RV coadministra-
tion.”” Also studies on DTaP/IPV/Hib/HepB+PCV+RV
reported mostly fever, local reactions, respiratory and
gastrointestinal events.” * MMR+Hib/MenC+PCV led
to more gastrointestinal, and respiratory events and less
fever and musculoskeletal events than would have been
expected based on separate vaccinations. One clinical
trial on this coadministration did not detect differences
for local or systemic adverse events compared with sepa-
rate administrations.*” One of the unscheduled coad-
ministrations of three vaccines—MMR+MenC+PCV—Iled
to more than expected gastrointestinal events and
general symptoms and less fever. No other studies inves-
tigated the safety of the unscheduled coadministrations
of three vaccines. One scheduled coadministration of
two vaccines—MMR+PCV led to more fever, neurolog-
ical events, and rash compared with separate adminis-
tration. One other study reported lower" and another
one higher proportions*' of fever, while the other AEFTs
were not specifically assessed or reported in these and
other studies on MMR+PCV."® ***** Also the unscheduled
coadministrations of DTaP/IPV/Hib+MMR caused more
musculoskeletal events and MMR+MenC more fever
than expected. One study reported an increase in overall
AE following DTaP/IPV/Hib+MMR'® ** and another
detected increased AE following coadministrations of
MMR+MenC, particularly febrile seizures.**

For coadministrations of two vaccines, we detected
amplifying interaction effects for events that had an RI<1
following vaccination and thus occurred less following
immunisation than in the control period. Although the
RIs of these events were higher following coadminis-
tration than would have been expected based on sepa-
rate administration of these vaccines, they still occurred
less than in the control period (RI<1). This indicates
that vaccination has a protective effect that is reduced
following coadministration. Such observations have not
been documented before, although some other studies
reported increased reactogenicity for some of these coad-
ministrations. We found a reduced protective effect for
fever and neurological events following DTaP/IPV/Hib+-
MenC, and fever after DTaP/IPV/Hib+RV. Other studies
assessing the safety of these coadministrations found
no differences between coadministration and separate
administration.'® ** Coadministering two vaccines
led to less AEFI than expected based on the Rls after
separate administration for 28% of analysed AEFIL. The
aforementioned literature review also found reports of
such a inhibitory effect of vaccine coadministration on
diarrhoea and fever following DTaP/ IPV+RV,* erythema
following DTaP/IPV/Hib/ HepB+MenC,49 and naso-
pharyngitis and insomnia following MMRV+PCV.*"0

Adding a fourth vaccine did not significantly alter the
reactogenicity for the studied AEFI. To date, no other
studies are available on the two unscheduled coadminis-
trations of four vaccines included in our study.

Based on the RIR alone, our observations underpin
the safety of coadministration of two scheduled routine
paediatric vaccines. Our findings also indicate that
adding a third vaccine may lead to a greater burden due
to AEFI, in line with previous studies.'® Either way, we
recommend further research into the severity of these
events following separate versus coadministration for a
more comprehensive assessment of the burden caused
by these events and to evaluate whether the benefits
of coadministration outweigh its risks. For example by
augmenting routine data collection with questionnaires
and/or other data sources, as has been conducted in
influenza vaccination,” and including supplementary
data such as hospital admissions and deaths.

We found no indications that never recommended
coadministrations per se are less safe than recommended
coadministrations. Two recommended (DTaP/IPV/
Hib+PCV, DTaP/IPV or dTaP/IPV+MMR) and four
never recommended (DTaP/IPV or dTaP/IPV+Hib/
MenC, DTaP/IPV or dTaP/IPV+PCV, MMR+Td/IPV,
Td/IPV+HPV) coadministrations of two vaccines did not
lead to more AEFI, which is in line with other studies’
ﬁndings.16 46 5254 One recommended (DTaP/IPV/
Hib+MenB + PCV) and one never recommended (DTaP/
IPV or dTaP/IPV+MMR + Hib/MenC) did not increase
AFEFT either. However, one study reported more fever, a
higher reactogenicity for local and general symptoms
(irritability) after DTaP/IPV/Hib+MenB + PCV.” Also
the unscheduled addition of a fourth vaccine did not
lead to more AEFIs and we found no studies reporting
safety concerns. Nevertheless, unscheduled coadmin-
istrations happen occasionally and hence data on AEFI
following such coadministrations may be too limited to
identify significant differences between separate and
coadministrations.

To the best of our knowledge, this is the first real-
life data study comparing the safety of coadministering
vaccines vs the safety of separately administering the
same vaccines in two scenarios: administration as recom-
mended in the immunisation schedule and never recom-
mended. We chose the SCCS method to control for
between-person confounders by comparing the risk and
reference periods in each patient. We used a 42-day expo-
sure period corresponding to risk periods commonly
used in vaccine pharmacovigilance studies and appro-
priate for hypothesis generating studies since it reassures
capturing nearly all AEFL.”® The SCCS method requires
only cases to provide consistent estimates of the RI and
controls implicitly for fixed confounders. *' SCCS esti-
mate RIs, comparing the incidences of adverse events in
exposure periods to unexposed periods within persons.”!
This is particularly useful for studying vaccines with high
coverage for which unvaccinated controls may be hard to
find.*! However, no estimates of absolute incidence can
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be obtained.” Therefore, we recommend researchers to
compare the incidences between separate and coadminis-
tration on the same data using other methods. The large
quantity of real-life vaccination and event data allows for
powerful analyses. However, data from medical records
may be prone to misclassification and heterogeneous
as they are recorded by different persons to document
and inform medical practice and not specifically for this
study. The data may be prone to reporting bias because
parents may consult their GP related to AEFI differently
than when such events would manifest without prior
vaccination, which may lead to lower Rls. Relying on
existing medical records limits analysis to the availability
of variables captured in the database.”” Consequently,
we invite researchers to replicate this study by using the
same method but on different data from other sources.
Given the emerging insights on non-specific effects of
vaccinations and calls for studying the influence of the
order of vaccinations on such effects,58 we advise to widen
the research focus to address the potential influence of
vaccine coadministrations on such non-specific effects as
well.

The implementation of coadministration practices
should be supported by evidence that coadministered
vaccines are at least equally safe as separately adminis-
tered vaccines. Real-life data show that coadministrations
of two vaccines have an equal or even better safety profile
than administering the respective vaccines separately,
but adding a third vaccine can increase the incidence
of AEFI. We call for enhanced surveillance for a more
comprehensive evaluation of the risks associated with
vaccine coadministrations, and whether such risks are
outweighed by the benefits of coadministration.

Contributors JB planned, designed, conducted the study and analyses, wrote
the manuscrip, and is the guarantor; SdL and NK served as scientific advisors
and critically reviewed the manuscript, YGW served as scientific advisor for
the SCCS method and critically reviewed the manuscript; JB planned this
study, served as scientific advisor, critically reviewed the study proposal and
manuscript.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This research was exempt from ethical approval. The research
proposal and data request were evaluated and accepted by the RCGP RSC. No other
approvals were required.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party and are not
publicly available. Data used for this study remains stored on secure servers of the
Oxford-Royal College of General Practitioners (RCGP) Research and Surveillance
Centre (RSC), and can be accessed on the RCGP RSC conditions.

Open access This is an open access article distributed in accordance with

the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided the
original work is properly cited, appropriate credit is given, any changes made
indicated, and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/.

ORCID iDs
Jorgen Bauwens http://orcid.org/0000-0003-2324-2283
Simon de Lusignan http://orcid.org/0000-0002-8553-2641

REFERENCES

1 Pellegrino A, Busellu G, Cucchi A, et al. Vaccine co-administration
in paediatric age: the experience of the local health unit of Cuneo-1
(Ambito di Cuneo), ltaly. Acta Biomed 2010;81:204-9.

2 Gilchrist SAN, Nanni A, Levine O. Benefits and effectiveness of
administering pneumococcal polysaccharide vaccine with seasonal
influenza vaccine: an approach for policymakers. Am J Public Health
2012;102:596-605.

3 Tafuri S, Martinelli D, Caputi G, et al. Simultaneous administration of
vaccines in immunization protocols: an audit in healthcare workers in
the Puglia region of Italy. Hum Vaccin 2009;5:745-7.

4 Sull M, Eavey J, Papadouka V, et al. Adolescent vaccine co-
administration and coverage in New York City: 2007-2013. Pediatrics
2014;134:e1576-883.

5 Suarez-Castaneda E, Burnett E, Elas M, et al. Catching-up with
pentavalent vaccine: exploring reasons behind lower rotavirus
vaccine coverage in El Salvador. Vaccine 2015;33:6865-70.

6 NHS. The routine immunisation schedule from autumn 2018 2018.

7 Stockwell MS, Broder K, LaRussa P. Risk of fever after pediatric
trivalent inactivated influenza vaccine and. JAMA Pediatr
2014;168:211-9.

8 Vidor E. The nature and consequences of intra- and inter-vaccine
interference. J Comp Pathol 2007;137:S62-6.

9 Dolhain J, Janssens W, Dindore V, et al. Infant vaccine co-
administration: review of 18 years of experience with GSK’s
hexavalent vaccine co-administered with routine childhood vaccines.
Expert Rev Vaccines 2020;19:419-43.

10 Gilkey MB, McRee A-L, Magnus BE, et al. Vaccination confidence
and parental Refusal/Delay of early childhood vaccines. PLoS One
2016;11:e0159087.

11 Karafillakis E, Larson HJ, ADVANCE consortium. The benefit of
the doubt or doubts over benefits? A systematic literature review
of perceived risks of vaccines in European populations. Vaccine
2017;35:4840-50.

12 Hamborsky J, Kroger A, Wolfe C. Pinkbook: epidemiology and
prevention of vaccine-preventable diseases 2020.

13 Immunization Action Coalition. Administering vaccines. ask
experts Adm vaccines, 2020. Available: https://www.immunize.org/
askexperts/administering-vaccines.asp [Accessed 11 Jan 2021].

14 WHO Recommendations for Routine Immunization - Summary
Tables 2020.

15 Institute of Medicine. Methodological approaches to studying health
outcomes associated with the current immunization schedule:
options, feasibility, ethical issues, and priorities. child. Immun. Sched.
Saf. Stakehold. Concerns Sci. Evid. Future Stud. Washington, DC:
The National Academies Press, 2013.

16 Bauwens J, Saenz L-H, Reusser A. Safety of co-administration
versus separate administration of the same vaccines in children: a
systematic literature review. Vaccines2020;8.

17 Bauwens J, de Lusignan S, Sherlock J, et al. Adherence to the
paediatric immunisation schedule in England. Vaccine 2021;9:9.

18 Bauwens J, de Lusignan S, Sherlock J, et al. Co-administration
of routine paediatric vaccines in England often deviates from the
immunisation schedule. Vaccine X 2021;9:9.

19 University of Surrey. Clinical informatics and health outcomes
research group, 2020. Available: https://clininf.eu/ [Accessed 28 Apr
2020].

20 Correa A, Hinton W, McGovern A, et al. Royal College of general
practitioners research and surveillance centre (RCGP RSC) sentinel
network: a cohort profile. BMJ Open 2016;6:e011092.

21 NHS. Routine childhood immunisation programme 2008.

22 Bevan-Jones L, Stones Y. No nonsense vaccine handbook, 2009.

23 Thomson J. Paediatric pearls 2011.

24 NHS. Routine childhood immunisations from September 2012 2012.

25 NHS. Routine childhood immunisations from June 2013 2013.

26 NHS. Routine childhood immunisations from July 2014 2014.

27 NHS. The routine immunisation schedule from summer 2016 2016.

28 NHS. The routine immunisation schedule from April 2018;2018.

29 Whitaker HJ, Farrington CP, Spiessens B, et al. Tutorial in
biostatistics: the self-controlled case series method. Stat Med
2006;25:1768-97.

30 Farrington P, Whitaker H, Ghebremichael Weldeselassie Y. Self-
controlled case series studies: a modelling guide with R. Boca
Raton: CRC Press, Taylor & Francis Group, 2018.

Bauwens J, et al. BMJ Global Health 2022;7:e008215. doi:10.1136/bmjgh-2021-008215

11

y61Adod Aq parosioid 1senb Ag 220z ‘8z 1890100 Uo /wod fwg yby/:dny woly papeojumod Zz0z Jaqualdss 9z uo §TZ800-T202-YBlwa/9eTT 0T Se paysiiand 1sui :yifesH qo|o CINg


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-2324-2283
http://orcid.org/0000-0002-8553-2641
http://www.ncbi.nlm.nih.gov/pubmed/22530458
http://dx.doi.org/10.2105/AJPH.2011.300512
http://dx.doi.org/10.4161/hv.5.11.9438
http://dx.doi.org/10.1542/peds.2014-1452
http://dx.doi.org/10.1016/j.vaccine.2015.07.092
http://dx.doi.org/10.1016/j.jcpa.2007.04.014
http://dx.doi.org/10.1080/14760584.2020.1758560
http://dx.doi.org/10.1371/journal.pone.0159087
http://dx.doi.org/10.1016/j.vaccine.2017.07.061
https://www.immunize.org/askexperts/administering-vaccines.asp
https://www.immunize.org/askexperts/administering-vaccines.asp
http://dx.doi.org/10.1016/j.jvacx.2021.100125
http://dx.doi.org/10.1016/j.jvacx.2021.100115
https://clininf.eu/
http://dx.doi.org/10.1136/bmjopen-2016-011092
http://dx.doi.org/10.1002/sim.2302
http://gh.bmj.com/

BMJ Global Health 8

31 Hawken S, Potter BK, Little J, et al. The use of relative incidence 46 Khatami A, Snape MD, Wysocki J, et al. Persistence of antibody
ratios in self-controlled case series studies: an overview. BMC Med response following a booster dose of Hib-MenC-TT glycoconjugate
Res Methodol 2016;16:126. vaccine to five years: a follow-up study. Pediatr Infect Dis J

32 R Core Team. R: a language and environment for statistical 2012;31:1069-73.
computing. Vienna, Austria: R Foundation for Statistical Computing, 47 Phua KB, Quak SH, Lim FS, et al. Imnmunogenicity, reactogenicity
2017. and safety of a diphtheria-tetanus-acellular pertussis-inactivated

33 Ghebremichael Weldeselassie Y, Whitaker H, Farrington P. The self- polio and Haemophilus influenzae type B vaccine in a placebo-
controlled case series method 2020. controlled rotavirus vaccine study. Ann Acad Med Singap

34 Diez-Domingo J, Gurtman A, Bernaola E, et al. Evaluation of 2008;37:546-53.
13-valent pneumococcal conjugate vaccine and concomitant 48 Tanaka Y, Yokokawa R, Rong HS, et al. Concomitant administration
meningococcal group C conjugate vaccine in healthy infants and of diphtheria, tetanus, acellular pertussis and inactivated poliovirus
toddlers in Spain. Vaccine 2013;31:5486-94. vaccine derived from Sabin strains (DTaP-sIPV) with pentavalent

35 Martinén-Torres F, Boisnard F, Thomas S, et al. Inmunogenicity rotavirus vaccine in Japanese infants. Hum Vaccin Immunother
and safety of a new hexavalent vaccine (DTaP5-IPV-HB-Hib) 2017;13:1352-8.
administered in a mixed primary series schedule with a pentavalent 49 Tejedor JC, Omefiaca F, Garcia-Sicilia J, et al. Immunogenicity
vaccine (DTaP5-IPV-Hib). Vaccine 2017;35:3764-72. and reactogenicity of a three-dose primary vaccination course

36 Vesikari T, Karvonen A, Borrow R, et al. Results from a randomized with a combined diphtheria-tetanus-acellular pertussis-hepatitis
clinical trial of coadministration of RotaTeq, a pentavalent rotavirus B-inactivated polio-haemophilus influenzae type B vaccine
vaccine, and NeisVac-C, a meningococcal serogroup C conjugate coadministered with a meningococcal C conjugate vaccine. Pediatr
vaccine. Clin Vaccine Immunol 2011;18:878-84. Infect Dis J 2004;23:1109-15.

37 Block SL, Klein NP, Sarpong K, et al. Lot-to-lot consistency, safety, 50 Leonardi M, Bromberg K, Baxter R, et al. Immunogenicity and safety
tolerability and immunogenicity of an investigational hexavalent of MMRV and PCV-7 administered concomitantly in healthy children.
vaccine in US infants. Pediatr Infect Dis J 2017;36:202-8. Pediatrics 2011;128:e1387-94.

38 Klein NP, Abu-Elyazeed R, Cheuvart B. Immunogenicity and safety 51 de Lusignan S, Damaso S, Ferreira F, et al. Brand-specific enhanced
following primary and booster vaccination with a hexavalent safety surveillance of GSK’s Fluarix Tetra seasonal influenza
diphtheria, tetanus, acellular pertussis, hepatitis B, inactivated vaccine in England: 2017/2018 season. Hum Vaccin Immunother
poliovirus and Haemophilus influenzae type B vaccine: a randomized 2020;16:1762-71.
trial in the United States. Hum Vaccines Immunother 2018. 52 Marshall H, Nolan T, Roberton D, et al. A comparison of booster

39 Lim FS, Koh MT, Tan KK, et al. A randomised trial to evaluate immunisation with a combination DTPa-IPV vaccine or DTPA plus
the immunogenicity, reactogenicity, and safety of the 10-valent IPV in separate injections when co-administered with MMR, at age
pneumococcal non-typeable Haemophilus influenzae protein D 4-6 years. Vaccine 2006;24:6120-8.
conjugate vaccine (PHiD-CV) co-administered with routine childhood 53 Kilein NP, Weston WM, Kuriyakose S, et al. An open-label,
vaccines in Singapore and Malaysia. BMC Infect Dis 2014;14:530. randomized, multi-center study of the immunogenicity and safety

40 Miller E, Andrews N, Waight P, et al. Safety and immunogenicity of DTaP-IPV (Kinrix™) co-administered with MMR vaccine with or
of coadministering a combined meningococcal serogroup C and without varicella vaccine in healthy pre-school age children. Vaccine
Haemophilus influenzae type B conjugate vaccine with 7-valent 2012;30:668-74.
pneumococcal conjugate vaccine and measles, mumps, and 54 MMR-158 Study Group. A second dose of a measles-mumps-
rubella vaccine at 12 months of age. Clin Vaccine Immunol rubella vaccine administered to healthy four-to-six-year-old children:
2011;18:367-72. a phase lll, observer-blind, randomized, safety and immunogenicity

41 Woo EJ, Winiecki SK, Arya D, et al. Adverse events after MMR or study comparing GSK MMR and MMR |l with and without DTaP-IPV
MMRYV vaccine in infants under nine months old. Pediatr Infect Dis J and varicella vaccines co-administration. Hum Vaccin Immunother
2016;35:253-7. 2019;15:786-99.

42 Hanf M, Quantin C, Farrington P, et al. Validation of the French 55 Chiu N-C, Huang L-M, Willemsen A, et al. Safety and
National health insurance information system as a tool in vaccine immunogenicity of a meningococcal B recombinant vaccine when
safety assessment: application to febrile convulsions after pediatric administered with routine vaccines to healthy infants in Taiwan: a
measles/mumps/rubella immunization. Vaccine 2013;31:5856-62. phase 3, open-label, randomized study. Hum Vaccin Immunother

43 Shneyer E, Strulov A, Rosenfeld Y. Reduced rate of side effects 2018;14:1075-83.
associated with separate administration of MMR and DTaP-Hib-IPV 56 Rowhani-Rahbar A, Klein NP, Dekker CL, et al. Biologically plausible
vaccinations. Isr Med Assoc J 2009;11:735-8. and evidence-based risk intervals in immunization safety research.

44 Levi M, Donzellini M, Varone O, et al. Surveillance of adverse events Vaccine 2012;31:271-7.
following immunization with meningococcal group C conjugate 57 Thygesen LC, Ersbgll AK. When the entire population is the sample:
vaccine: Tuscany, 2005-2012. J Prev Med Hyg 2014;55:145-51. strengths and limitations in register-based epidemiology. Eur J

45 \Vesikari T, Karvonen A, Prymula R, et al. Immunogenicity and safety Epidemiol 2014;29:551-8.
of the human rotavirus vaccine Rotarix co-administered with routine 58 de Bree LCJ, Koeken VACM, Joosten LAB, et al. Non-specific
infant vaccines following the vaccination schedules in Europe. effects of vaccines: current evidence and potential implications.
Vaccine 2010;28:5272-9. Semin Immunol 2018;39:35-43.

12 Bauwens J, et al. BMJ Global Health 2022;7:€008215. doi:10.1136/bmjgh-2021-008215

y61Adod Aq parosioid 1senb Ag 220z ‘8z 1890100 Uo /wod fwg yby/:dny woly papeojumod Zz0z Jaqualdss 9z uo §TZ800-T202-YBlwa/9eTT 0T Se paysiiand 1sui :yifesH qo|o CINg


http://dx.doi.org/10.1186/s12874-016-0225-0
http://dx.doi.org/10.1186/s12874-016-0225-0
http://dx.doi.org/10.1016/j.vaccine.2013.06.049
http://dx.doi.org/10.1016/j.vaccine.2017.05.043
http://dx.doi.org/10.1128/CVI.00437-10
http://dx.doi.org/10.1097/INF.0000000000001405
http://dx.doi.org/10.1186/1471-2334-14-530
http://dx.doi.org/10.1128/CVI.00516-10
http://dx.doi.org/10.1097/INF.0000000000001201
http://dx.doi.org/10.1016/j.vaccine.2013.09.052
http://www.ncbi.nlm.nih.gov/pubmed/20166340
http://www.ncbi.nlm.nih.gov/pubmed/26137788
http://dx.doi.org/10.1016/j.vaccine.2010.05.057
http://dx.doi.org/10.1097/INF.0b013e318262528c
http://www.ncbi.nlm.nih.gov/pubmed/18695765
http://dx.doi.org/10.1080/21645515.2017.1279769
http://www.ncbi.nlm.nih.gov/pubmed/15626947
http://www.ncbi.nlm.nih.gov/pubmed/15626947
http://dx.doi.org/10.1542/peds.2010-2132
http://dx.doi.org/10.1080/21645515.2019.1705112
http://dx.doi.org/10.1016/j.vaccine.2006.05.017
http://dx.doi.org/10.1016/j.vaccine.2011.10.065
http://dx.doi.org/10.1080/21645515.2018.1554971
http://dx.doi.org/10.1080/21645515.2018.1425659
http://dx.doi.org/10.1016/j.vaccine.2012.07.024
http://dx.doi.org/10.1007/s10654-013-9873-0
http://dx.doi.org/10.1007/s10654-013-9873-0
http://dx.doi.org/10.1016/j.smim.2018.06.002
http://gh.bmj.com/

	Safety of routine childhood vaccine coadministration versus separate vaccination
	Abstract
	Introduction﻿﻿
	Methods
	Results
	Coadministrations of two vaccines
	Coadministrations of three vaccines
	Coadministration of four vaccines

	Discussion
	References


