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Australian and New Zealand health authorities identi-
fied seasonal trivalent inactivated influenza vaccines 
manufactured by CSL Biotherapies as the probable 
cause of increased febrile convulsions in children 
under five within 24 hours of vaccination and recom-
mended against their use in this age group. We quanti-
fied the benefit-risk profile of the CSL vaccines using 
the number needed to vaccinate and suggest they 
might have caused two to three hospital admissions 
due to febrile convulsions for every hospital admission 
due to influenza prevented.

Introduction
The recognition of an unexpectedly high number of 
febrile convulsions (not defined precisely initially) in 
children aged less than five years within 24 hours of 
receipt of trivalent inactivated influenza vaccine (TIV) 
in Australia in April 2010, led to the initial suspension 
of the childhood vaccination campaign for seasonal 
influenza in our country [1]. This was followed by more 
general discussion about the safety of influenza vac-
cines in children [2]. 

In 2010, trivalent vaccines from three manufacturers, 
CSL Biotherapies, Solvay Pharmaceuticals and Sanofi-
Pasteur, had been licensed for use in Australian chil-
dren. All vaccines contained the strains recommended 
by the World Health Organization (WHO) [3]. The influ-
enza A(H1N1) virus vaccine component of these vac-
cines was the 2009 pandemic strain. 

The increase in febrile convulsions was first recognised 
in the state of Western Australia [4]. This was possible 
because at the beginning of 2008 Western Australia 
had implemented a vaccine programme aimed at 
immunising children aged from six months to four 
years against influenza [5]. This programme acknowl-
edged (i) the importance of children in the spread of 
influenza, (ii) the high hospitalisation rate due to 
laboratory-confirmed influenza in this age group and 
(iii) three childhood deaths associated with influenza 
in the state in 2007 [5]. Influenza vaccine coverage 
of 20%–30% had been achieved in this age group for 

2008 and 2009 and also in 2010, prior to the suspen-
sion of the programme. 

Given this background and following concern about 
the possible risk of febrile convulsions associated 
with influenza vaccination, the childhood influenza 
vaccination programme was suspended by the health 
authorities in Western Australia on 22 April 2010. For 
the whole of Australia, the precise number of febrile 
convulsions associated with the administration of TIV 
was not clear at the time. However, as a precaution-
ary measure, the Australian Department of Health and 
Ageing recommended against using any formulation of 
2010 TIV in young children on 23 April 2010 [1]. 

At the same time, the Ministry of Health in New 
Zealand recommended specifically against the use 
of Fluvax or Fluvax Junior (both manufactured by CSL 
Biotherapies) in children from six months to four years, 
but recommended the continued use of other influ-
enza vaccines licensed for children in this age group, 
specifically Influvac (Solvay Pharmaceuticals) and 
Vaxigrip (Sanofi-Pasteur) [6], two vaccines that were 
also licensed in Australia. Recommendations for other 
age groups remained unchanged. Three months later, 
on 30 July 2010, the Australian Department of Health 
and Ageing published revised recommendations indi-
cating it was safe to use either Influvac or Vaxigrip in 
all children aged from six months to four years but rec-
ommended against the use of Fluvax or Fluvax junior in 
children aged under five years [7].

A timeline of recommendations from health authorities 
in Australia and New Zealand is shown in Table 1.

Decisions regarding the suspension of an immuni-
sation programme are important because they may 
have consequences for individuals and a long-term 
impact on vaccination programmes overall. It is there-
fore important that these decisions are based on 
objective assessments of the benefit and risk of all 
administered vaccines. We present an approach for 
quantifying the benefit-risk profile for vaccines from 
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two manufacturers, CSL Biotherapies and Solvay 
Pharmaceuticals, in 2010. We briefly compare with 
data collected in Western Australia on the frequency 
of febrile convulsions following administration of vac-
cines from Sanofi-Pasteur and CSL Biotherapies in 
2008 and 2009.  

Methods
We compared the benefit-risk profile of vaccination 
using data for the two vaccines (CSL Biotherapies and 
Solvay Pharmaceuticals) that had been administered 
in sufficient numbers in 2010 for meaningful com-
parisons to be made. To compare benefit and risk, we 
used hospitalisation data from 2009, obtained from 
the Department of Health in Western Australia, and 
adverse event data from 2010, sourced from a detailed 
investigation of adverse events in Western Australia 
(unpublished data). 

We assessed benefit by estimating the number of chil-
dren that would have required vaccination to prevent 
one hospital admission due to laboratory-confirmed 
influenza. We chose hospitalisation due to influenza of 

any type or subtype during the 2009 influenza A(H1N1) 
pandemic because viral testing for children hospital-
ised with febrile illnesses was intensive and relatively 
few children hospitalised due to influenza in 2009 
would have remained undiagnosed. 

We assessed risk using hospital admissions for febrile 
convulsions, which were defined by a systematic review 
of cases with reference to the criteria of the Brighton 
Collaboration for febrile convulsions following immuni-
sation [8]. Receipt of at least one dose of influenza vac-
cine in 2010 was verified from the Australian Childhood 
Immunisation Register [9] and direct questioning of 
parents or guardians.

Quantifying benefit 
To quantify benefit, we calculated the number of chil-
dren that would need to be vaccinated to prevent 
one hospital admission due to influenza, that is, the 
number needed to vaccinate (NNV). The NNV is cal-
culated as the reciprocal of the absolute risk reduc-
tion. The absolute risk reduction is calculated as the 
product of the absolute risk in the unexposed (in this 

Table 2
The number needed to vaccinate to prevent one hospital admission for laboratory-confirmed influenza, all subtypes, and 
the risk of hospital admission for febrile convulsion following receipt of trivalent inactivated influenza vaccinea by year and 
vaccine manufacturer

Year Manufacturer
NNV to prevent one 
hospital admission 
for influenza (2009)

Risk of hospital 
admission 
for febrile 

convulsionb 

Number of hospital 
admissions for febrile 
convulsions following 

vaccination of NNV

Risk of hospital admission 
for febrile convulsion 
(upper limit 95% CI)

Number of hospital 
admissions for febrile 

convulsions
(upper limit 95% CI)

2010
CSL 1,852 0.0013 2.4 0.0017 3.1

Solvay 1,852 0 0 0.0003 0.6
2009 CSL/Sanofi 1,852 0 0 Not quantified Not quantified
2008 CSL/Sanofi 1,852 0.00001 0 Not quantified Not quantified

a For 2010, the influenza A(H1N1) virus vaccine component was the 2009 pandemic strain as recommended by the World Health Organization.
b Calculated as risk of febrile convulsion following receipt of TIV x risk of hospitalisation following febrile convulsion.
CI: confidence interval; NNV: number needed to vaccinate.

Table 1
Timeline of decisions communicated by health authorities in Australia and New Zealand following recognition of febrile 
convulsions in children under five years occurring within 24 hours of receipt of trivalent inactivated vaccine, 2010

Date (2010) Decision

22 April
The Health Department of Western Australia suspends its influenza vaccination programme for children under five years 
of age because of concern about an unexpected number of febrile convulsions in children within 24 hours of receipt of the 
seasonal vaccine.

23 April The Australian Department of Health and Ageing suspends the influenza vaccination programme at national level for children 
under five years of age.

27 April
The New Zealand Ministry of Health writes to general practitioners, recommending them not to use influenza vaccines 
manufactured by CSL Biotherapies (Fluvax and Fluvax Junior), but to continue using licensed vaccines from other 
manufacturers for children under five years of age.

1 June
The Australian Department of Health and Ageing recommends influenza vaccination can be resumed for children at risk of a 
severe outcome of influenza. It suggests the CSL vaccines are most likely responsible for the unexpected number of febrile 
convulsions. Influenza vaccines, including CSL products, can be administered on a case by case basis.

8 July The New Zealand Ministry of Health reiterates its previous advice to general practitioners regarding the use of influenza 
vaccines for children under five years of age.

30 July

The Australian Department of Health and Ageing recommends that vaccination of healthy children under five years of age 
can resume, but not with CSL vaccines. The report states that ’continued close monitoring of side effects with this year’s 
seasonal flu vaccine in children under five years of age has shown that the higher than usual occurrence of fever and febrile 
convulsions appears to be confined to the vaccine Fluvax, manufactured by CSL.’
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case the unvaccinated) and the relative risk reduction. 
Vaccine effectiveness (VE) is the standard expression 
of the relative risk reduction for vaccine preventable 
diseases [10]. Hence, the NNV to prevent one hospitali-
sation = 1/(hospitalisation rate in the unvaccinated x 
VE). We therefore needed to estimate two parameters: 
the hospitalisation rate in the unvaccinated and the VE. 

To estimate the hospitalisation rate in the unvacci-
nated, we ascertained the vaccine status of children 
admitted to hospital for influenza in 2009, thus allow-
ing us to calculate the number of these children who 
were not vaccinated. We then estimated vaccine cov-
erage for influenza vaccine in 2009 for children aged 
between six months and four years from vaccine usage 
reported by immunisation providers state-wide. This 
allowed us to estimate the size of the unvaccinated 
population in this age group = (1- the proportion vacci-
nated) x (the population in that age group). The number 
of unvaccinated children admitted to hospital divided 
by the estimated number of unvaccinated children 
in the population gave the hospitalisation rate in the 
unvaccinated.

The VE for prevention of influenza infection in children 
aged between 2 and 16 years has been estimated in 
a systematic review as 59% (95% confidence inter-
val (CI): 41 to 71) [11]. This estimate is supported by 
findings from a study of children aged 0 to 4 years in 
Western Australia in 2008, in which the VE was 68% 
(95% CI: 26 to 86) [5]. The study found no significant 
difference in VE by age group (less than two years com-
pared with two to four years) for children with an influ-
enza-like illness proven to be caused by influenza [5]. 
We assumed the VE for TIV in 2010, the year for which 
we calculated the benefit-risk profile, would have been 
similar to previous estimates of VE when vaccine and 
circulating strains matched. This VE estimate should be 
appropriate for the TIV for 2010, as vaccine manufac-
turing processes were the same in 2010 as for previous 
years. We therefore used a VE of 60% for all children 
aged six months to four years in this analysis. 

Quantifying risk
To quantify risk, we calculated the number of hospitali-
sations that could be attributed to adverse events fol-
lowing vaccination of the NNV to prevent one hospital 
admission. We used vaccine-specific rates of febrile 
convulsions determined during the detailed investi-
gation into suspected adverse outcomes in 2010 in 
Western Australia (unpublished). We compared these 
with vaccine-specific rates of febrile convulsions in 
2008 and 2009, determined by passive surveillance 
in both years but augmented by active questioning of 
parents/guardians of children admitted to hospital in 
2009. We quantified the risk of admission to hospital 
for a febrile convulsion following receipt of TIV as the 
product of the NNV, the absolute risk of a febrile con-
vulsion and the risk of hospital admission following a 
febrile convulsion.

Results 
Quantifying benefit: the NNV to prevent 
one hospitalisation due to influenza
The number of children living in Western Australia 
aged between six months and four years in 2009 was 
approximately 130,000 of whom 30.3% were estimated 
to have received at least one dose of TIV in that year. 
The number of unvaccinated children was therefore 
90,610. 

In that year, 432 cases of influenza were notified in 
children in this age range, of whom 383 (89%) were 
infected with 2009 pandemic influenza A(H1N1) and 
49 (11%) were infected with seasonal influenza strains 
or influenza A not subtyped. One hundred and twenty 
children were hospitalised for any type of influenza, 
of whom 74 were unvaccinated. Vaccine status was 
unknown for a further 13 children. We allocated the 
children with unknown vaccine status to one of the 
two known groups in the same proportion as those 
whose status was known, giving an estimated total 
of 82 unvaccinated children admitted to hospital. The 
hospitalisation rate in unvaccinated children aged six 
months to four years was therefore 90 per 100,000. 

To prevent one hospitalisation due to any strain of 
circulating influenza in 2009 would have required the 
vaccination of 1,852 children (1/[90/1000,00 x 0.6]),  
the NNV.

Quantifying risk: hospital admission for 
febrile convulsions following receipt of TIV 
Prior to cessation of the immunisation programme in 
April 2010, more than 10,000 doses of Fluvax or Fluvax 
Junior and more than 3,300 doses of Influvac had been 
administered to children aged six months to four years 
in Western Australia in 2010 [4]. Detailed follow up 
investigation of adverse events following immunisa-
tion identified 56 children with febrile convulsions that 
occurred within 24 hours of receipt of TIV between 8 
March and 25 April 2010, of whom 19 (34%) required 
overnight hospital admission. All 55 cases with infor-
mation on vaccine formulation had received Fluvax or 
Fluvax Junior. The estimated risk of a febrile convulsion 
following receipt of Fluvax or Fluvax Junior was 0.39%, 
compared to 0% for Influvac (unpublished data).  

Applying these estimates of risk to the NNV to prevent 
one hospitalisation due to influenza indicates that vac-
cination with Fluvax or Fluvax Junior would have been 
likely to have caused seven febrile convulsions (1,852 
x 0.0039), with two to three of these children requiring 
hospitalisation (34% of seven children). Based on the 
data available, Influvac would have caused no febrile 
convulsions and no hospital admissions. 

The upper limit of the 95% CI for Influvac estimated a 
febrile convulsion risk of 0.08% (unpublished data). If 
the real risk were this high, Influvac may have caused 
one to two febrile convulsions, and zero or one hospi-
tal admission, in preventing one hospitalisation due 
to laboratory-confirmed influenza. The corresponding 
risk of febrile convulsions for the Fluvax products (that 
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is, estimating risk as the upper limit of the 95% CI= 
0.51%, unpublished data) would have seen nine febrile 
convulsions attributed to these vaccines, causing three 
hospital admissions for febrile convulsions for each 
hospital admission for influenza that was prevented.

Using routine passive surveillance in 2008 and 2009, 
plus direct enquiry to parents or guardians of children 
admitted to hospital with laboratory-confirmed influ-
enza in 2009, we estimated the risk of a febrile con-
vulsion following receipt of any seasonal TIV to have 
been 0.003% in 2008 and zero in 2009. In those two 
years, these vaccines would have caused no hospital 
admissions due to febrile convulsions for each hospital 
admission due to influenza that was prevented (Table 
2).

Discussion and conclusion
We have demonstrated a method that can be used to 
quantify the benefit and risk of vaccinating children 
aged six months to four years against influenza. In 
2009, with relatively high levels of hospital admission, 
it would have been necessary to have vaccinated about 
1,850 West Australian children with a vaccine that was 
60% effective to have prevented one hospital admis-
sion due to laboratory-confirmed influenza. 

If the hospitalisation rate for influenza in 2010 was the 
same as that in 2009, we estimated that vaccination 
with Fluvax or Fluvax Junior in 2010 may have caused 
two to three hospital admissions due to febrile con-
vulsions for every hospital admission due to influenza 
prevented. Although the influenza season is not yet 
over in Western Australia, current data indicate that 
influenza virus circulation has been considerably lower 
in 2010 than in 2009 [12] and fewer children will have 
been hospitalised for influenza in 2010 than were hos-
pitalised in 2009. This implies that the NNV to prevent 
one hospital admission in 2010 would be higher than 
in 2009. 

We did not see this same risk profile with another TIV 
licensed for this age group in 2010, or with the vac-
cines manufactured by CSL Biotherapies in 2008 or 
2009, despite similarly high vaccine coverage in these 
two years in Western Australia. Our results therefore 
indicate there is no excess risk over benefit with a 
childhood influenza vaccination programme in general. 
The problem identified in 2010 was related to a vaccine 
produced by a single manufacturer. Investigations pub-
lished to date have failed to find a cause for the prob-
lem [13].

A comprehensive approach to this analysis would 
involve assessment of other outcomes due to labo-
ratory-confirmed influenza and a detailed sensitivity 
analysis. Moreover, we have chosen to quantify the NNV 
using all children aged six months to four years. The 
benefit-risk profile would be improved if only children 
who were at increased risk of hospitalisation follow-
ing influenza infection were targeted for vaccination. 

However, we have shown that a good past benefit-risk 
profile for a vaccine may not guarantee a favourable 
profile in future years. This highlights once again the 
importance of continued and comprehensive safety 
monitoring of influenza vaccines post-marketing.
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