
Increased reactions to pediatric influenza vaccination
following concomitant pneumococcal vaccination

Paul G. Van Buynder,a,b,c Gillian Frosst,d,e Jan L. Van Buynder,d Francios-William Tremblay,d Alie

Ross,d Claire Jardine,d Bao Gang Feif

aFraser Health Authority, Surrey, British Columbia, Canada. bUniversity of Western Australia, Perth Western Australia, Australia. cSimon Fraser

University, Surrey, British Columbia, Canada. dNew Brunswick Department of Health, Fredericton NB Canada. eCanadian Field Epidemiology

Program, Public Health Agency of Canada, Ottawa ON. fCanadian Institute for Health Information, Toronto, ON, Canada.

Correspondence: Paul G. Van Buynder, Fraser Health Authority, Surrey, British Columbia, Canada. E-mail: pjvb@iinet.net.au

Accepted for publication 18 February 2012. Published Online 12 April 2012.

Background Influenza in children causes significant morbidity

and hospitalizations and also some mortality particularly in

children <5 years of age. Influenza vaccination in children

has been shown to be safe and effective, but in 2010 the

pediatric influenza vaccination program was suspended in

Western Australia after the rate of febrile convulsions

observed (9 ⁄ 1000 doses) was 55 times the previously reported

rate.

In 2009, over 80% of all children in New Brunswick were

vaccinated with an adjuvanted monovalent H1N1 vaccine shown

to have very high effectiveness, raising the prospect of potential

hyper-responsiveness because of residual protection. We

conducted enhanced post-marketing surveillance to monitor local

and general reactions.

Methods Parents of participating children seen at dedicated

vaccination clinics were given influenza vaccine survey kits to

record local and general symptoms up to 3 days following receipt

of season influenza vaccine.

Results Febrile reactions of ‡38� occurred in <10% of children

who received a first dose of seasonal influenza vaccine (n = 660)

and severe febrile incidents with fever ‡39� were uncommon.

Concurrent administration of other vaccine(s) including

conjugated pneumococcal vaccine appeared to increase

reactogenicity. No child in the study had a febrile convulsion.

Conclusion Influenza vaccines in children are safe, and this study

provides a baseline for rapid assessment studies at the start of a

vaccine season. Parents should be aware of increased fevers with

concurrent vaccine administration, and antipyretics should be

considered.

Keywords Children, febrile convusions, influenza, pneumococcal

vaccine, reactogenicity, safety, vaccination.
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Introduction

Influenza in children is under-recognized, and its impor-

tance underestimated. Available data suggest that influenza

causes significant morbidity and hospitalizations and also

some mortality particularly in children <5 years of age.1–5

Prospective studies from the USA of laboratory-proven

influenza have shown that in a single influenza season, up

to 12% of outpatient clinic and emergency room visits in

children <5 years of age are attributable to influenza and

about one child <5 years of age in 1000 with laboratory-

confirmed influenza is admitted to hospital.6 In a South

Australian study, 81% of children aged <5 years admitted

to hospital with influenza had no documented risk factor

that increased their risk of serious outcome following infec-

tion.7 Children are also likely to shed virus for longer peri-

ods and to be an important contributor to continued

propagation of influenza in the community.8

Influenza vaccination in children has been shown to be

safe and to be effective if two doses are initially given so

that young children are immunologically primed.9,10 Also

some studies have shown that yearly immunization against

influenza in children is cost-effective.11,12

In Western Australia, all children up to 59 months of

age have been offered free influenza vaccination since 2008

after a cluster of influenza-related deaths in 2007 prompted

a review of vaccination benefits.13

On April 22, 2010, the Western Australian Health

Department suspended the pediatric influenza vaccination

program after they noted an increase in the number of feb-

rile convulsions in children <5 years of age. Following a

detailed review of case reports of affected children, the Aus-

tralian Government Therapeutic Goods Administration

(TGA) concluded that there were 99 confirmed cases of

febrile convulsions in children under the age of 5 years

across Australia causally related to seasonal influenza

184 ª 2012 Blackwell Publishing Ltd and Her Majesty the Queen in Right of Canada 2012. Reproduced with the permission of the Minister Health.

DOI:10.1111/j.1750-2659.2012.00364.x

www.influenzajournal.com
Original Article



vaccination with Fluvax (CSL Biotherapies).14–17 The rate

of febrile convulsions observed in Western Australia

(9 ⁄ 1000 doses) was 55 times the rate reported by the Uni-

ted States Centers for Disease Control and Prevention (US

CDC) from 2005–2006 to 2009–2010 (0Æ16 ⁄ 1000 doses)

quoted in a TGA review.18

In 2010, in the province of New Brunswick, Canada, the

trivalent split virion seasonal influenza vaccines Fluviral

(GlaxoSmithKline) and Vaxigrip (Sanofi Pasteur) were

offered to children aged 6 months to 18 years through the

publicly funded immunization program. 16 Both vaccines

were standard unadjuvanted compositions that year (15 lg

of A ⁄ California ⁄ 7 ⁄ 2009 (H1N1)-like virus; A ⁄ Perth ⁄ 16 ⁄
2009 (H3N2)-like virus; B ⁄ Brisbane ⁄ 60 ⁄ 2008-like virus). In

light of the Australian observations, the potential for an

increased reactogenicity to seasonal influenza vaccine was

of concern to local Health authorities.

In 2009, over 80% of all children in New Brunswick had

been vaccinated with an adjuvanted monovalent H1N1 vac-

cine shown to have very high vaccine effectiveness after one

dose, and half of these children received two doses of the

monovalent H1N1 vaccine (Arepanrix� GlaxoSmithKline

Inc. Mississauga, ON, Canada 09 H1N1 and an AS03 adju-

vant composed of DL-a-tocopherol, squalene and polysor-

bate 80 as an oil-in-water emulsion).19 A previous Hong

Kong study showed vaccine efficacy with a non-adjuvanted

vaccine lasted 3 years in children,20 so there was a high likeli-

hood of residual protection in children who had received the

highly effective adjuvanted H1N1 vaccine. This raised the

prospect of potential increased reactogenicity, as all the triva-

lent inactivated influenza vaccines (TIV) licensed for use in

Canada for the 2010–2011 influenza season contained the

A ⁄ California ⁄ 7 ⁄ 2009 (H1N1)-like pandemic strain.21

Strong support by parents for vaccination during the

pandemic produced a very high monovalent H1N1 vaccine

coverage in children in the province. It was hoped that this

awareness could be built upon to entrench the importance

of pediatric seasonal influenza vaccination in the minds of

parents, but this aim was at risk if increased reactogenicity

ensued.

Accordingly, we conducted enhanced post-marketing

surveillance of the two publicly funded TIV in New Bruns-

wick to monitor and review local and general reactions in

children aged six to 59 months.

Methods

Participants
Dedicated clinics to vaccinate children against influenza

were organized by public health staff throughout the prov-

ince of New Brunswick, Canada commencing October 13,

2010. Children aged 6–59 months on the day of vaccina-

tion were recruited by research assistants trained by the

Communicable Disease Control Branch of the Office of the

Chief Medical Officer of Health. Written informed consent

was obtained from the parent, guardian, or caregiver of

each participating child.

Procedures
Parents of participating children were given influenza vac-

cine survey kits containing a diary card, diary card instruc-

tion sheet, participant information and consent form, pen,

digital thermometer, measuring tape, and return envelope.

Parents were educated on how to complete the diary card

by recording their child’s local and general symptoms on

the evening of the day the vaccine was given and for the

following three days.

Local symptoms measured included pain, redness, and

swelling at the injection site. General symptoms measured

included temperature, nausea ⁄ vomiting, diarrhea, loss of

appetite, and irritability. The variables pain, nausea ⁄ vomit-

ing, diarrhea, loss of appetite, and irritability were assessed

using a grading scale of 0–3, with zero being absence of

symptoms and three being considered severe symptoms.

Redness and swelling were measured by taking the widest

diameter of reaction at the injection site. Axillary tempera-

ture was taken using the digital thermometer provided in

the survey kit. Parents were also asked to record on the

diary card if symptoms were ongoing after the evening of

the fourth day, if medical advice was sought, and ⁄ or if

medication was taken for a specific event.

Participant information on age, sex, previous influenza

vaccination (both 2009 pandemic and seasonal), and medi-

cal condition(s) was collected by research assistants at the

time of recruitment. Information on receipt of concurrent

vaccine(s) was obtained through the New Brunswick Client

Service Delivery System (CSDS) which records all child-

hood vaccinations. Data collected at the time of 2010 sea-

sonal influenza immunization and data retrieved from

CSDS were merged prior to analysis.

As per the National Advisory Committee on Immuniza-

tion recommendations, children aged 6–35 months received

0Æ25 ml of vaccine, while children 36–59 months of age

received 0Æ5 ml of vaccine.

Data analysis
Observations were linked to doses of seasonal influenza

vaccine administered to children between the ages of 6 and

59 months. Analysis was restricted to first dose of vaccine

administered between October 13 and December 17, 2010.

The primary outcome of interest was whether or not the

child experienced fever following immunization. Localized

pain, redness and ⁄ or swelling, nausea, diarrhea, loss of

appetite, and irritability were measured as secondary out-

comes. Independent factors assessed included sex, vaccine

type (Fluviral or Vaxigrip), age group, receipt of a previous
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H1N1 or seasonal influenza vaccine, and receipt of concur-

rent vaccine(s).

For analysis, concurrent vaccines administered were sep-

arated into three groups, children who received 13 valent

pneumococcal vaccine (Prevnar 13�, Pfizer Canada Inc,

Kirkland, QC, Canada) with or without other vaccines,

children who received at least one other vaccine with or

without Prevnar 13�, and finally children who received at

least one other vaccine but not including Prevnar 13�.

Two consolidated age group variables were included in the

analysis: firstly 6–23 versus 24–59 months, and secondly

6–11, 12–23, 24–35, 36–47, and 48–59 months as groupings.

All data were entered into Microsoft Access 2007

(Microsoft Corporation, Redmond, WA, USA) and analyzed

using SAS version 9.1 (SAS Institute Inc., Cary, NC, USA).

In the univariate analysis, the chi-square test was used to

test for an overall association between each of the factors

of interest and four outcomes: (i) fever of ‡38� on the

evening following immunization; (ii) fever of ‡39� on the

evening following immunization; (iii) fever of ‡38� up to

3 days following the day of immunization; and (iv) fever of

‡39� up to 3 days following day of immunization. Fisher’s

two-tailed exact test was used to test for differences where

expected cell counts were £5.

Factors significant at the P < 0Æ05 level, as well as poten-

tial confounders, were then included in the multivariate

analysis. Poisson regression models were used to estimate

the relative risk and 95% confidence interval for having

fever according to sex, age group (6–23, 24–59 months

only), having previous seasonal influenza vaccine, having

adjuvanted monovalent H1N1 vaccine, influenza vaccine

type, receipt of concurrent vaccines including Prevnar 13�

and receipt of at least one other vaccine with or without

Prevnar 13�). The third vaccine group (n = 134) who had

other concomitant vaccines but not Prevnar 13� were a

subset of the group at least one other vaccine (n = 215).

This third vaccine group variable was thus not included in

the multivariate regression as it was not independent, and

the model became unstable.

Because likelihood ratio confidence intervals are more

reliable than the Wald confidence intervals for small and

moderate sample size, they were provided for all primary

outcomes of interest. However, because no children who

received previous seasonal influenza vaccine experienced a

body temperature of ‡39� up to 3 days following day of

vaccine receipt, this led to quasi-complete separation in the

regression models and no likelihood ratio confidence inter-

vals could be produced. Instead, 95% Wald confidence

intervals were provided. All the p-values from the regres-

sion model were based on likelihood ratio tests.

Proc GENMOD in SAS was used for multivariate analy-

ses. All tests were two-tailed, where P < 0Æ05 indicated sta-

tistical significance.

Results

Participants
Influenza vaccine survey kits were given to 1516 parents of

vaccinated children during the immunization program.

Returned diary cards for 790 doses of seasonal influenza

vaccine (52%) administered to 706 children were initially

included in the analysis: 592 children who received a first

dose only, 84 children who received both a first and second

dose, and 33 children for whom only the second dose was

captured. Six hundred and seventy-three (n = 673) of the

790 total doses were first doses. After removal of 13 vacci-

nation episodes for whom no information was available on

concurrent vaccine administration, 777 vaccine dose recipi-

ents remained of which 660 were first-dose episodes. The

latter were included in more detailed analysis.

Of the 660 first-dose children, an almost equal number

of observations were collected for boys (52%) and girls

(48%), and just over half (56%) of the observations were

in children under 24 months of age. Fifty-eight percent

(58%) received the Fluviral vaccine, while the remaining

42% received the Vaxigrip vaccine. Similar proportions

were seen in the analysis of all doses. No significant differ-

ences were seen in vaccine type administered between gen-

der or age groups.

Concomitant vaccines administered included Prevnar

13� (85), MMR11� (88), Pediacel� (131), Recombivax

HB� (75), Quadracel� (47), Varilrix� (30), Menjugate�

(29), Hib� (1), and Imovax Polio� (1).

Frequency of non-febrile adverse events
The frequency of non-febrile adverse events on the evening

following immunization or up to 3 days following immuni-

zation for the first dose is shown in Table 1. Both pain and

irritability were common, occurring in over a third of vac-

cine recipients at some time. Other adverse events were less

Table 1. Frequency of having a non-febrile adverse event N = 660

Adverse event

Day 1* £Day 4**

n % n %

Pain 234 35Æ5 270 41Æ0
Nausea 21 3Æ2 43 6Æ5
Diarrhea 30 4Æ6 82 12Æ4
Loss of appetite 74 11Æ2 136 20Æ6
Irritability 179 27Æ1 258 39Æ1
Redness (>3 cm) 2 0Æ3 37 5Æ6
Swelling (>3 cm) 2 0Æ3 17 2Æ6

*Evening following immunization.

**In the 3 days following immunization.
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common. Non-febrile events at 4 days or more following

immunization were reported for <4% of observations

(n = 29) and included nausea, diarrhea, loss of appetite,

and ⁄ or irritability.

Univariate analysis
Fifty-six children (8Æ5%) reported having any fever up to

3 days following receipt of first dose of seasonal influenza

vaccine. Of these, 24 (3Æ6%) had a fever of ‡38� on the

evening following immunization, and 7 (1Æ1%) had a fever

of ‡39� on the evening following day of immunization.

The prevalence of fever by all independent factors of

interest in first-dose recipients on the evening following the

day of immunization is shown in Table 2. Sex, vaccine

type, age group, receipt of previous H1N1 vaccine, and

receipt of previous seasonal influenza vaccine were not

associated with an increase in fever.

Among children reporting any fever on the evening fol-

lowing receipt of first dose of 2010 seasonal influenza vac-

cine, 58% (14 ⁄ 24) received at least one concurrent vaccine.

Receipt of concurrent vaccine(s) was significantly associated

with fever, but the effect appeared to be principally related

to receipt of Prevnar 13�. Children who received Prevnar

13� were more likely to have a fever of ‡38� on the even-

ing following immunization (P < 0Æ001). Receipt of other

vaccine(s) when Prevnar 13� was not included was not

associated with fever.

Twenty-seven of the children who received a first dose of

influenza vaccine had a co-morbidity described. Only

asthma (n = 6) and symptoms related to teething (n = 4)

had more than two children in a co-morbidity category.

No difference was found for any of the fever outcomes for

any co-morbidity although the numbers were very small.

Multivariate analysis
Sex, vaccine type, age group, previous seasonal or H1N1

influenza vaccine, and concurrent receipt of at least one

other vaccine with or without Prevnar 13� were not signifi-

cantly associated with febrile episodes on the evening of

immunization in first-dose recipients in the multivariate

analysis (Table 3).

The only factor that was significantly associated with

fever outcomes was the concurrent administration of Prev-

nar 13� vaccine. Those children who received one or more

concurrent vaccines including Prevnar 13� were over four

times as likely to have a febrile episode ‡38� on the even-

ing following immunization (RR = 4Æ26, 95% CI: 1Æ24–

15Æ74, P = 0Æ02) and almost three times as likely to have a

febrile episode of ‡38� up to 3 days following day of

immunization (RR = 2Æ73, 95% CI: 1Æ17–6Æ47, P = 0Æ02).

Receipt of one or more concurrent vaccines including

Prevnar 13� was also significantly associated with fever of

‡39� up to 3 days following day of immunization

(RR = 17Æ20, 95% CI: 1Æ61–228Æ99, P = 0Æ02). However, the

confidence intervals were large as the numbers involved

were small. The addition of children without Prevnar 13�

weakened the strength of the association with fever.

Discussion

Our study has shown that febrile reactions to the 2010 ⁄ 11

northern hemisphere seasonal influenza vaccine occurred in

<10% of children and severe febrile incidents with fevers

>39 degrees were uncommon (<2%). No child in the study

had a febrile convulsion.

Table 2. Frequency of having a fever on the evening following

immunization (n = 660)

Fever ‡38

(n = 24)

Fever ‡39

(n = 7)

n % n %

Sex

Male (n = 341) 12 3Æ5 4 1Æ2
Female (n = 319) 12 3Æ8 3 0Æ9

Vaccine type

Fluviral (n = 384) 10 2Æ6 4 1Æ0
Vaxigrip (n = 276) 14 5Æ1 3 1Æ1

Age group 1 (months)

6–11 (n = 166) 3 1Æ8 0 0Æ0
12–23 (n = 202) 12 5Æ9 5 2Æ5
24–35 (n = 96) 1 1Æ0 0 0Æ0
36–47 (n = 90) 3 3Æ3 1 1Æ1
48–59 (n = 106) 5 4Æ7 1 0Æ9

Age group 2 (months)

6–23 (n = 368) 15 4Æ1 5 1Æ4
24–59 (n = 292) 9 3Æ1 2 0Æ7

Prev H1N1 vaccine*

Yes (n = 402) 16 4Æ0 6 1Æ5

Prev seasonal flu vaccine*

Yes (n = 138) 2 1Æ4 0 0Æ0

Concomitant vaccines

received on same day*

Prevnar 13� ± other

vaccines (n = 85)

10 11Æ8 P < 0Æ001 4 4Æ7 P < 0Æ01

Any concomitant vaccine ±

Prevnar 13� (n = 215)

14 6Æ5 P < 0Æ01 4 1Æ9

Any concomitant vaccine

except Prevnar 13�

(n = 134)

4 3Æ0 0 0Æ0

*Binary variables for which the number and percent in those with-

out the factor are not shown.
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As just over half the parents returned cards, a participa-

tion bias may have been present. However, if present, we

expect such a bias would have over-estimated febrile reac-

tions because parents with unaffected children may have

been less likely to submit diary cards.

Phone calls to a random sample of 50 parents who did

not return forms revealed five children who may have

experienced fevers (10%), suggesting that those children for

whom diary cards were not returned did not differ signifi-

cantly from those who were included in the sample.

Our data found an increase in febrile episodes in chil-

dren receiving concurrent administration of other vaccines

including Prevnar 13� at the time of influenza vaccination.

Because of small numbers, we were unable to assess fever

in children who received only Prevnar 13� concurrently

with seasonal influenza vaccine (n = 4). However, our find-

ing of increased febrile events associated with concurrent

vaccination with at least Prevnar 13� is aligned with the

January 2011 announcement by the US Food and Drug

Administration (FDA) of an increase in the number of

reports to the USCDC and FDA’s Vaccine Adverse Events

Reporting System (VAERS) of febrile seizures following

vaccination with Fluzone manufactured by Sanofi Pasteur,

Inc. again in association with concurrent receipt of Prevnar

13�. These reported febrile seizures were primarily seen in

children younger than 2 years of age. No change to vacci-

nation policy in the USA occurred following this initial sig-

nal. However, those findings lend weight to our data that

suggested an increase in febrile responses with concurrent

administration in a Canadian population.22

For the 2011 Southern winter, the Australian TGA

restricted the use of CSL vaccine to those children 5 years

and over and required CSL to conduct a preliminary study

of 600 children aged 5–18 years looking for reactions in the

first 3 days. Subsequently, this requirement was extended

to other manufacturers with pediatric influenza vaccines

not previously licensed in Australia.

The CSL vaccine was previously studied in 298 children

in a multicentre study in Australia in 2005 and 2006.

Higher rates of fever were seen in that study than here with

22% of children under 3 years of age reporting fever. How-

ever, the ‘‘case definition’’ criteria for fever in the Austra-

lian study included axillary temperatures over 37Æ5 degrees

potentially explaining this higher rate as an ascertainment

Table 3. Factors significantly associated* with having a fever on the evening following immunization (n = 660)

Fever ‡38 Fever ‡39

Risk

ratio

95% confidence

interval* P Value

Risk

ratio

95% confidence

interval* P value

Sex

Boys 1Æ07 (0Æ47–2Æ42) 0Æ88 1Æ62 (0Æ35–0Æ87) 0Æ53

Girls – – – – – –

Vaccine type

Fluviral –– – – – – –

Vaxigrip 1Æ83 (0Æ82–4Æ27) 0Æ14 0Æ87 (0Æ17–4Æ05) 0Æ86

Age, months

6–23 – – – – – –

24–59 1Æ68 (0Æ52–5Æ51) 0Æ39 0Æ76 (0Æ07–8Æ18) 0Æ81

Previous seasonal vaccine

Yes 0Æ33 (0Æ05–1Æ20) 0Æ10 – – –

No – – –

Previous H1N1 vaccine

Yes 1Æ22 (0Æ44–3Æ56) 0Æ71 4Æ25 (0Æ59–86Æ48) 0Æ16

No – – – – – –

Concomitant Prevnar 13� vaccine ± other vaccines

Yes 4Æ26 (1Æ24–15Æ74) 0Æ02 12Æ09 (0Æ83–235Æ36) 0Æ07

No – – – – – –

Any concomitant vaccine received ± Prevnar 13�

Yes 1Æ46 (0Æ46–4Æ22) 0Æ51 0Æ61 (0Æ06–6Æ68) 0Æ70

No – – – – – –

*P < 0Æ05.
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issue rather than a continued tendency for CSL vaccines to

be more reactogenic.23

In the United Kingdom where another CSL vaccine is in

use for children, the Medicines and Healthcare products

Regulatory Agency (MHRA) calculated background rates of

febrile convulsion after influenza vaccines from 2008 ⁄ 09

and 2009 ⁄ 10 with data from the General Practice Research

Database.

As of Feb 15, 2011, MHRA had received only two

reports of febrile convulsions in children younger than

5 years after influenza immunization. At least 72 000 chil-

dren had been vaccinated in this age group at this time,

among whom up to ten cases of febrile convulsions were

expected to have occurred. The observed-to-expected ratio

for the age group was 0Æ19 (95% CI: 0Æ02–0Æ67). Brian and

Seabroke concluded that, taking into account the possibility

of under-reporting, there remained no indication that other

influenza vaccines are associated with a large increase in

risk of febrile convulsions as seen in Australia.24

Influenza vaccine is protective and important for all chil-

dren. Seizures occur in 1% of children under 5 years of age

with laboratory-confirmed influenza and 9% of children

who are hospitalized because of influenza infection.6 Our

study reinforces previous work on the safety of influenza

vaccine in children.25

However, to continue vaccinating children each year

parents will need to be convinced, influenza vaccine is

less harmful than contracting influenza itself, not the situ-

ation in 2010 in Australia.15 Rapid studies, such as the

study described here, on cohorts of children at the start

of vaccination programs enable assessments that would

prevent the use of vaccines associated with high rates of

complications. Our study provides a baseline of levels of

reactogenicity to seasonal influenza vaccines in subsets

of young children in actual practice which can be used

to assess future vaccine responses in rapid trials at the

commencement of vaccine programs. Study data were

collected over an 8-week period in this review but

increasing the number of study sites included can reduce

this time substantially.

Concurrent use of conjugated pneumococcal vaccine

increases reactogenicity and, although this was not associ-

ated with a demonstrable increase in febrile convulsions,

the sample size of our study may have been be too small to

exclude this possibility. In jurisdictions such as New Bruns-

wick where pneumococcal programs are delivered as a

‘‘two plus one’’ schedule with the booster dose at

12 months, the febrile risk may be higher. Concurrent use

of quadrivalent Measles Mumps Rubella Varicella (MMRV)

vaccine at the same time, also associated with fevers and

convulsions, may further exacerbate reactogenicity although

the fevers associated with MMRV occur some days after

vaccination.26 Therefore, further studies investigating reac-

togenicity associated with concurrent vaccines at time of

seasonal influenza vaccination are warranted. Consideration

should be given to prophylactic antipyretics with concur-

rent vaccinations to children aged 6–59 months which

include influenza and conjugated pneumococcal vaccines,

and parents should be advised to monitor for fevers.
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