
1www.eurosurveillance.org

Research article

Influenza epidemiology, vaccine coverage and vaccine 
effectiveness in children admitted to sentinel Australian 
hospitals in 2014: the Influenza Complications Alert 
Network (FluCAN)

CC Blyth 1 2 3 4 , KK Macartney 5 6 , S Hewagama ⁷ , S Senenayake 8 9 , ND Friedman 10 , G Simpson 11 , J Upham 12 , T Kotsimbos 13 , P 
Kelly 8 14 , AC Cheng 13 
1.	 School of Paediatrics and Child Health, University of Western Australia, Perth, Australia
2.	 Department of Infectious Diseases, Princess Margaret Hospital for Children, Perth Australia
3.	 Department of Microbiology, PathWest Laboratory Medicine WA, Princess Margaret Hospital for Children, Perth, Australia
4.	 Wesfarmers Centre for Vaccines and Infectious Diseases, Telethon Kids Institute, University of Western Australia, Perth, 

Australia
5.	 National Centre for Immunisation Research and Surveillance of Vaccine Preventable Diseases, University of Sydney, Sydney, 

Australia
6.	 Children’s Hospital Westmead, University of Sydney, Sydney, Australia
7.	 Alice Springs Hospital, Alice Springs, Northern Territory, Australia
8.	 Australian National University Medical School, Acton, Australian Capital Territory, Australia
9.	 The Canberra Hospital, Garran, Australian Capital Territory, Australia
10.	Barwon Health, Geelong, Victoria, Australia
11.	 Cairns Base Hospital, Cairns, Queensland, Australia
12.	Princess Alexandra Hospital and The University of Queensland, Brisbane, Queensland, Australia
13.	Alfred Health; Monash University, Melbourne, Victoria, Australia
14.	ACT Health Directorate, Canberra, Australian Capital Territory, Australia
Correspondence: Christopher Blyth (christopher.blyth@uwa.edu.au)

Citation style for this article: 
Blyth CC, Macartney KK, Hewagama S, Senenayake S, Friedman ND, Simpson G, Upham J, Kotsimbos T, Kelly P, Cheng AC. Influenza epidemiology, vaccine coverage 
and vaccine effectiveness in children admitted to sentinel Australian hospitals in 2014: the Influenza Complications Alert Network (FluCAN). Euro Surveill. 
2016;21(30):pii=30301. DOI: http://dx.doi.org/10.2807/1560-7917.ES.2016.21.30.30301 

Article submitted on 29 May 2015/ accepted on 06 November 2015 / published on 28 July 2016

The Influenza Complications Alert Network (FluCAN) 
is a sentinel hospital-based surveillance programme 
operating in all states and territories in Australia. 
We summarise the epidemiology of children hospital-
ised with laboratory-confirmed influenza in 2014 and 
reports on the effectiveness of inactivated trivalent 
inactivated vaccine (TIV) in children. In this observa-
tional study, cases were defined as children admit-
ted with acute respiratory illness (ARI) with influenza 
confirmed by PCR. Controls were hospitalised children 
with ARI testing negative for influenza. Vaccine effec-
tiveness (VE) was estimated as 1 minus the odds ratio 
of vaccination in influenza positive cases compared 
with test-negative controls using conditional logistic 
regression models. From April until October 2014, 402 
children were admitted with PCR-confirmed influenza. 
Of these, 28% were aged < 1 year, 16% were Indigenous, 
and 39% had underlying conditions predisposing to 
severe influenza. Influenza A was detected in 90% of 
cases of influenza; influenza A(H1N1)pdm09 was the 
most frequent subtype (109/141 of subtyped cases) 
followed by A(H3N2) (32/141). Only 15% of children 
with influenza received antiviral therapy. The adjusted 
VE of one or more doses of TIV for preventing hos-
pitalised influenza was estimated at 55.5% (95% 

confidence intervals (CI): 11.6–77.6%). Effectiveness 
against influenza A(H1N1)pdm09 was high (91.6% , 
95% CI: 36.0–98.9%) yet appeared poor against H3N2. 
In summary, the 2014 southern hemisphere TIV was 
moderately effective against severe influenza in chil-
dren. Significant VE was observed against influenza 
A(H1N1)pdm09.

Introduction
Influenza is a common respiratory viral infection that 
affects up to 5–10% of the population each year [1]. 
Previous studies demonstrate that young children 
have the highest rate of hospitalisation [2]. A national 
sentinel surveillance programme for severe influ-
enza was established in Australia in 2009, primarily 
to monitor hospitalisations in adults with confirmed 
influenza: the Influenza Complications Alert Network 
(FluCAN). Given the significant burden of disease in 
young children and the important role that children 
play in introducing and spreading influenza virus in the 
household and the community [3], paediatric influenza 
surveillance provides public health authorities with 
important and timely information on disease sever-
ity in the early phase of the winter respiratory virus 
season. Hospital-based sentinel surveillance enables 
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detailed information on the severity of illness to be 
collected, and complements community- and primary 
care-based surveillance systems. Comprehensive 
nationwide clinical data were collected from Australian 
children admitted to six tertiary paediatric hospitals 
during the pandemic in 2009 [4]. However, from 2010 
to 2013, insufficient numbers of children were pro-
spectively enrolled in existing surveillance programs 
to ascertain paediatric seasonal influenza activity and 
severity in Australia. Two tertiary paediatric hospitals 
(from the separate Paediatric Active Enhanced Disease 
Surveillance network (PAEDS) [5]) were included in the 
existing FluCAN sentinel system in 2014.

The Australian Technical Advisory Group on 
Immunisation (ATAGI) recommends influenza vaccina-
tion in all children 6 months and older, yet in 2014, 
influenza vaccine was only provided free of charge 
under the National Immunisation Programme (NIP) for 
children with comorbidities that predispose them to 
severe outcomes following influenza infection [6]. In 
Western Australia, a state funded programme has pro-
vided free influenza vaccine to all children between 6 
months and 5 years of age from 2008 [7-9]. Four brands 
of inactivated unadjuvanted trivalent influenza vac-
cine (TIV) were available for use in Australian children: 
more than 80% of vaccine administered to children 
in Australia was Vaxigrip or Vaxigrip junior (Sanofi-
Pasteur Pty Ltd; personal communication, Brynley Hull, 
October 2015). Live attenuated and quadrivalent influ-
enza vaccines were not available in Australia in 2014.

Previous studies have demonstrated that inactivated 
influenza vaccine is protective against influenza [10, 
11], yet have concluded that insufficient evidence 
exists to confirm the effectiveness in the very young. 
The Western Australian Influenza Vaccine Effectiveness 
(WAIVE) study has previously estimated vaccine effec-
tiveness (VE) of TIV in children aged 6 to 59 months 
attending a paediatric emergency department against 
any laboratory-confirmed influenza at 64.7% (95% 
confidence interval (CI): 33.7–81.2%) [7]. Insufficient 
numbers of hospitalised children have been enrolled 
in this and similar paediatric VE studies to generate 
robust estimates against hospitalisation. Cowling et al. 
estimated VE against hospitalisation with laboratory-
confirmed influenza to be 61.7% (95% CI: 43.0–74.2%) 
in Hong Kong (2009–2013) [12].

With nearly 70,000 notifications of laboratory-con-
firmed influenza, the incidence of disease in 2014 was 
high compared with previous seasons [13]. Virological 
surveillance of circulating strains suggested influenza 
A(H1N1)pdm09 predominated across most jurisdictions 
throughout the season, but influenza A(H3N2) was 
predominant in New South Wales and the Australian 
Capital Territory [14]. In this report, we describe the 
epidemiology of hospitalisation in children with con-
firmed influenza and report on VE estimates for the 
2014 southern hemisphere inactivated TIV.

Methods
FluCAN is a national hospital-based sentinel surveil-
lance system [15]. In 2014, surveillance was expanded 
to include two large specialty paediatric hospitals: 

Figure 1
Date of admission in children hospitalised with confirmed influenza, epidemiological cohort, Influenza Complications 
Alert Network, Australia, April to October 2014 (n=402)
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Children’s Hospital at Westmead (New South Wales) 
and the Princess Margaret Hospital for Children 
(Western Australia). In addition, paediatric cases from 
the other 15 participating sites were also included: 
Canberra Hospital (ACT), University Hospital Geelong 
(VIC), Princess Alexandra Hospital (QLD), Cairns Base 
Hospital (QLD), and Alice Springs Hospital (NT) con-
tributed cases. Ethics approval has been obtained at 
all participating sites, at Monash University and the 
Australian National University.

An influenza case was defined as a paediatric patient 
(< 16 years) admitted to hospital with an acute respira-
tory illness (ARI) and with influenza confirmed by PCR. 
Influenza testing was initiated by clinicians based on 
clinical indications and local guidelines. All influenza 
cases were confirmed using real-time reverse tran-
scriptase PCR assays using standard primers. All tests 
were performed in local or referral laboratories accred-
ited by the National Association of Testing Authorities. 
An ARI was defined by the presence of new respiratory 
symptoms including cough and rhinorrhoea. A hospital 
admission was defined as requiring inpatient care out-
side of the emergency department.

Under FluCAN, surveillance is conducted during the 
southern hemisphere influenza season (i.e. April 

to October with follow up continuing to the end of 
November each year). Admission to an intensive care 
unit (ICU), including high dependency unit (HDU), was 
also recorded. The presence of risk factors predispos-
ing to severe outcomes following influenza infection 
including ethnicity (Indigenous or non-Indigenous 
Australian) and the presence of underlying conditions 
(hereafter referred to as comorbidities) was ascertained 
from the patient’s medical record [6]. Comorbidities 
assessed included congenital heart disease, chronic 
respiratory and neurological disorders, immunocom-
promising conditions or immunosuppression, Down 
syndrome and chronic illnesses such as diabetes mel-
litus and renal failure [6].

We examined factors associated with ICU admission 
and the length of hospital stay (LOS) using multivari-
able regression. Factors associated with ICU admission 
were determined using a logistic regression model, 
with factors retained in the multivariable model if 
p < 0.20. Factors associated with LOS were modelled 
using a linear regression, as the mean duration of stay 
was the parameter of interest. Standard errors were 
estimated using bootstrapping (1,000 replicates) to 
correct for heteroskedasticity.

Figure 2
Flowchart of children included in epidemiological and vaccine effectiveness cohorts, Influenza Complications Alert 
Network, Australia, April to October 2014 (n=747)

Influenza positive
(n = 402)

Excluded (n = 148)

• Age < 6 months (n = 66)
• Missing vaccination status (n = 54)
• Duration of symptoms > 7 days (n = 28)

Epidemiological cohort

VE analysis cohort

Excluded (n = 120)

• Age < 6 months (n = 80)
• Missing vaccination status (n = 34)
• Duration of symptoms > 7 days (n = 6)

Influenza negative
(n = 345)

Influenza positive
(n = 254)

Influenza negative
(n = 225)

18/236 (7.1%)
vaccinated

25/197 (12.4%) 
vaccinated

VE: vaccine effectiveness.
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Estimation of vaccination coverage and 
effectiveness
Vaccination status was obtained from the medical 
record, by parental report and confirmed, in children < 7 
years of age, on the Australian Childhood Immunisation 
Register (ACIR). In those 10 years and older, ‘fully 
immunised’ was defined by receipt of one dose of 2014 
TIV more than 2 weeks before presentation. In children 
age < 10 years, ‘fully immunised’ was defined as either 
(i) two doses of TIV at least 21 days apart and at least 
2 weeks before presentation or (ii) one dose of TIV at 
least 2 weeks before presentation and receipt of at 
least one TIV dose in a previous year [6]. ‘Partially vac-
cinated’ children were those aged < 10 years receiving 
only one dose of vaccination in 2014 without receipt of 
TIV in previous years. ‘Unvaccinated’ children where 
those not receiving TIV in 2014 or receiving the vaccine 
less than 2 weeks before presentation.

Vaccination coverage was estimated in patients > 6 
months of age admitted with ARI who tested nega-
tive to influenza by PCR. We used an incidence density 
test negative design to estimate VE, where controls 
were selected from influenza-test negative subjects 
with ARI tested contemporaneously with a case: con-
trols could be test-negative for all pathogens or have 
an alternative pathogen detected [16-18]. VE was esti-
mated as 1 minus the odds ratio (OR) of vaccination in 
influenza-positive cases compared with test-negative 
control patients using methods previously described 

[15,19]. Only children > 6 months of age and tested 
within 7 days of admission were included in VE esti-
mates. A conditional logistic regression model using 
influenza case status as the dependent outcome was 
constructed from influenza vaccination and adjusted 
for potential confounders (age group < 2 years and 
comorbidities). The regression was stratified on site, 
except for the models that considered VE against H1N1 
due to small numbers. Models that included more age 
groups (< 1 year, 1–4 years, 5–9 years and ≥ 10 years,) 
and Indigenous status as adjusting variables were 
considered in sensitivity analyses. In addition, VE esti-
mates excluding children with duration of symptoms 
of > 7 days (as opposed to restriction the analysis to 
who underwent testing within 7 days) were performed. 
These adjustments had minimal effect (< 3%) on VE 
estimates and thus were dropped from the final model. 
Analyses were performed using Stata 13 for Windows 
(College Station, Texas, US).

Results
During the period 3 April to 31 October 2014, 402 chil-
dren were admitted with PCR-confirmed influenza to 
seven of 17 sentinel hospitals, including 283 admis-
sions to the two specialist paediatric hospitals, and 119 
admissions to five non-specialist hospitals (Table 1). 
The peak rate of admission was in late August (Figure 
1). Of these 402 children, 114 (28%) were < 1 year of age, 
63 (16%) were Indigenous Australians, and 155 (39%) 
had underlying comorbidities (Table 1; Table 2).

Table 1
Demographic characteristics of children hospitalised with confirmed influenza, epidemiological cohort, Influenza 
Complications Alert Network, Australia, April to October 2014 (n=402)

Influenza type Total influenza positive cases

A(H1N1A(H1N1)09pdm A(H3N2) A not 
subtyped B 

Number of children 109 32 218 42 402a

Age group
Neonate < 28 days 2 (1.8%) 0 (0.0%) 5 (2.3%) 0 (0.0%) 7 (1.7%)
Infant 28 days to 1 year 29 (26.6%) 9 (28.1%) 60 (27.5%) 8 (19.0%) 107 (26.6%)
1–5 years 40 (36.7%) 16 (50.0%) 94 (43.1%) 15 (35.7%) 165 (41.0%)
5–9 years 23 (21.1%) 5 (15.6%) 34 (15.6%) 12 (28.6%) 74 (18.4%)
10–16 years 15 (13.8%) 2 (6.3%) 25 (11.5%) 7 (16.7%) 49 (12.2%)
Male 62 (56.9%) 16 (50.0%) 107 (49.1%) 24 (57.1%) 209 (52.0%)
Indigenous 9 (8.3%) 3 (9.4%) 48 (22.0%) 3 (7.1%) 63 (15.7%)
Hospital
Alice Springs 0 (0.0%) 0 (0.0%) 43 (19.7%) 5 (11.9%) 48 (11.9%)
Canberra 15 (13.8%) 14 (43.8%) 0 (0.0%) 2 (4.8%) 31 (7.7%)
Cairns Base 4 (3.7%) 0 (0.0%) 10 (4.6%) 3 (7.1%) 17 (4.2%)
Children›s Hospital, 
Westmead 0 (0.0%) 0 (0.0%) 135 (61.9%) 16 (38.1%) 151 (37.6%)

Geelong Hospital 0 (0.0%) 0 (0.0%) 21 (9.6%) 0 (0.0%) 22 (5.5%)
Princess Alexandra 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (2.4%) 1 (0.2%)
Princess Margaret 90 (82.6%) 18 (56.3%) 9 (4.1%) 15 (35.7%) 132 (32.8%)

a One child with disease due to multiple subtypes included in total
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Presentation and treatment
In 395 patients with influenza where the duration of 
symptoms was known, the median duration of symp-
toms before admission was 3 days (interquartile range 
(IQR): 2, 5 days). Only 64 (15%) of patients with influ-
enza, received oseltamivir; of these, 24 patients were 
known to have received oseltamivir within 48 hours of 
symptom onset.

Admission to intensive care
Of all influenza cases, 40 (10%) were initially admitted 
to intensive care (ICU) and a further six (1%) patients 
were subsequently transferred to ICU after initial 
admission to a general ward. The presence of comor-
bidities was associated with intensive care admission: 
OR 2.80 (95% CI: 1.49–5.27, p = 0.001). Influenza B 
appeared associated with a lower risk of admission to 
ICU but this difference was not statistically significant: 
OR 0.36 (95% CI: 0.08–1.53, p = 0.16). In a multivariate 

model, only the presence of one or more comorbidity 
was associated with ICU admission (Table 3).

Outcome
The mean LOS of all patients was 3.7 days. The pres-
ence of comorbidities was associated with an increase 
in mean hospital length of stay of 2.6 days. Other fac-
tors associated with prolonged length of stay included 
ICU admission and being Indigenous but these dif-
ferences were not statistically significant (data not 
shown). The duration of hospital stay was similar in 
patients that received antivirals within 48 hours of 
symptom onset (median: 2.5 days; IQR: 2, 6 days), com-
pared with those who received antivirals more than 48 
hours after symptom onset (median: 4 days; IQR: 1, 
7 days) and who did not receive antivirals (median: 2 
days; IQR: 1, 3 days).

One in-hospital death was reported, in a 13-year-old 
boy with no known comorbidities.

Table 2
Risk factors, severity and outcomes in children hospitalised with confirmed influenza, epidemiological cohort, Influenza 
Complications Alert Network, Australia, April to October 2014 (n=402)

Not admitted to ICU Admitted to ICU Total
Total 356 46 402
Age group
Neonate < 28 days 5 (1.4%) 2 (4.3%) 7 (1.7%)
Infant 28d - 1 year 93 (26.1%) 14 (30.4%) 107 (26.6%)
1–4 years 147 (41.3%) 18 (39.1%) 165 (41.0%)
5–9 years 68 (19.1%) 6 (13.0%) 74 (18.4%)
10–15 years 43 (12.1%) 6 (13.0%) 49 (12.2%)
Smoking 4 (1.1%) 2 (4.3%) 6 (1.5%)
Others smoking in the household 21 (5.9%) 5 (10.9%) 26 (6.5%)
Chronic medical comorbidities 127 (35.7%) 28 (60.9%) 155 (38.6%)
Chronic respiratory disease 38 (10.7%) 12 (26.1%) 50 (12.4%)
Prematurity 33 (9.3%) 12 (26.1%) 45 (11.2%)
Chronic cardiac disease 21 (5.9%) 3 (6.5%) 24 (6.0%)
Diabetes 4 (1.1%) 1 (2.2%) 5 (1.2%)
Chronic neurological disease 26 (7.3%) 7 (15.2%) 33 (8.2%)
Chronic renal disease 10 (2.8%) 4 (8.7%) 14 (3.5%)
Immunosuppressed 35 (9.8%) 4 (8.7%) 39 (9.7%)
Chronic liver disease 7 (2.0%) 3 (6.5%) 10 (2.5%)
Genetic abnormality 28 (7.9%) 10 (21.7%) 38 (9.5%)
Inborn error of metabolism 4 (1.1%) 3 (6.5%) 7 (1.7%)
Chronic aspirin use 4 (1.1%) 0 (0.0%) 4 (1.0%)
Residential care 1 (0.3%) 1 (2.2%) 2 (0.5%)
Influenza vaccination 11/242 (4.5%) 4/35 (11.4%) 15/277 (5.4%)
Influenza subtype
A(H1N1)09pdm 92 (25.8%) 17 (37.0%) 109 (27.1%)
A(H3N2) 24 (6.7%) 8 (17.4%) 32 (8.0%)
A not subtyped 199 (55.9%) 19 (41.3%) 218 (54.2%)
B 40 (11.2%) 2 (4.3%) 42 (10.4%)
multiple strains 1 (0.3%) 0 (0.0%) 1 (0.2%)
Mortality 0/317 (0.0%) 1/41 (2.4%) 1/358 (0.3%)
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Vaccine coverage
Vaccine coverage for all children > 6 months of age, as 
shown in Figure 2, was low. Of the 225 children who 
tested negative for influenza within 7 days of onset of 
illness, 28 children had received at least one dose of 
vaccine in 2014 (estimated full or partial vaccine cover-
age: 12.4%). Eighteen children were regarded as fully 
vaccinated (estimated full coverage: 8.0%) Of those 
with comorbidities (eligible to receive influenza vac-
cine under the NIP), only 16 of 89 children had received 
at least one dose of vaccine in 2014 (estimated full or 
partial coverage: 18.0%), of whom only nine children 
were regarded as fully vaccinated (estimated full cov-
erage: 10.1%).

Vaccine effectiveness
In children aged > 6 months, the crude VE of full or par-
tial vaccination (i.e. children who received at least one 
dose of vaccine in 2014) was estimated as 48.8% (95% 
CI: 1.1–73.5%; Table 4). After adjusting for age group 
and comorbidities, the adjusted full/partial VE was 
estimated as 55.5% (95% CI: 11.6–77.6%). VE differed 
by infecting strain (Table 4) with poor VE against cir-
culating influenza A(H3N2) noted. Only one child with 
A(H1N1) infection was partially vaccinated with no 
vaccine breakthrough cases in fully vaccinated chil-
dren identified: adjusted fully/partial VE estimate for 
A(H1N1) was 91.6% (95% CI: 36.0–98.9%).

In children aged > 6 months, the crude VE based on 
children who were regarded as fully vaccinated in 2014 
was estimated as 30.5% (95%CI -45.7 to 66.8%). After 
adjusting for age group (age < 2 years), and chronic 
medical comorbidities, the adjusted VE was estimated 
as 41.1% (95% CI: -26.7 to 72.6%).

Discussion
Inclusion of two tertiary paediatric hospitals (from 
the separate Paediatric Active Enhanced Disease 
Surveillance network; PAEDS [5]) into the existing 
FluCAN sentinel system has allowed us to report on 
influenza in 3,400 hospitalised children and adults 
in 2014 (unpublished data), inclusive of metropolitan 
and regional hospitals, specialist paediatric and adult 
hospitals and hospitals in tropical and subtropical 

regions. By collecting data on control patients with 
ARI who tested negative for influenza, vaccine cover-
age (particularly in vulnerable patients) and VE against 
severe influenza can also be accurately estimated [20]. 
Here we report the first significant VE estimate against 
hospitalised influenza in Australian children.

In 2014, we recorded over 400 paediatric admissions in 
the FluCAN system. When compared with children with 
influenza requiring hospitalisation in 2009 (n = 601 
across six paediatric hospitals), a number of similari-
ties and differences were identified. In both cohorts, 
more than 50% of children did not have any underly-
ing comorbidities, highlighting that healthy children 
form a significant proportion of those requiring hospi-
tal admission. Indigenous Australians are at increased 
risk of hospital admission with influenza; national hos-
pitalisation discharge data indicate that indigenous 
children aged < 5 years are hospitalised more than 
twice as frequently with influenza compared with their 
non-indigenous peers [21]. This finding has prompted 
the inclusion of Indigenous children < 5 years of age as 
eligible for NIP-funded influenza vaccination from 2015 
onwards. The higher proportion of indigenous children 
enrolled in this study in 2014 (16.0% vs 4.5% in 2009) 
needs to be interpreted with caution as recruitment 
from sites with sizable indigenous populations (e.g. 
Alice Springs Hospital) occurred in 2014 and not in 
2009. The proportion of Indigenous children with influ-
enza in the study (excluding those admitted to Alice 
Springs Hospital) was 6.5% (23/354). This is compared 
with the national average of 4.4% [22].

For all children, similar outcomes were observed in 
2014 compared with 2009, respectively: 11.4% and 
9.9% of children were admitted to ICU, and mortality 
was 0.3% and 0.9% respectively. Despite the avail-
ability of free vaccine through the NIP for children 
with comorbidities from 2010, uptake of seasonal TIV 
in those at greatest risk has not significantly changed 
since 2009: in 2014 only 21.0% of controls with comor-
bidities were vaccinated compared with 18.4% in 2009 
[4]. Another striking difference is the infrequent use of 
antiviral medications in 2014 compared with the pan-
demic year, 2009 (15% vs 47%). The effectiveness of 

Table 3
Factors associated with admission to intensive care in patients hospitalised with confirmed influenza, epidemiological 
cohort, Influenza Complications Alert Network, Australia, April to October 2014 (n=402)

Variable Crude OR (95% CI) p value AOR (95% CI) p value
Infant < 12 months 1.40 (0.73, 2.69) 0.306 1.86 (0.94, 3.69) 0.076
Medical comorbidities 2.80 (1.49, 5.27) 0.001 3.20 (1.66, 6.16) 0.001
Indigenous Australian 0.79 (0.32, 1.94) 0.603 NI NA
Influenza type
Influenza A 1 (referent) 1 (referent)
Influenza B 0.36 (0.08, 1.53) 0.166 NI NA

AOR: adjusted odds ratio; CI: confidence interval; NA: not applicable; NI: not included in final model; OR: odds ratio.
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oseltamivir in children and adults with influenza has 
recently been debated following meta-analyses by 
Jefferson et al. and Dobson et al. with conflicting meth-
ods, results and conclusions [23,24]. Data pooled by 
Jefferson et al. demonstrates that oseltamivir reduces 
the length of symptoms by 29 hours (95% CI: 12 to 47 
hours; p = 0.001) at the expense of increased rates of 
vomiting in children [23]. Despite no appreciable differ-
ence in complications or hospitalisation being noted, 
the numbers of children in both the intervention and 
control arms of these analyses are very small. Given 
the current evidence, oseltamivir is most likely to ben-
efit patients at high risk of hospitalisation and patient 
with influenza requiring hospitalisation [25]. Future 
work should focus on ways to improve both vaccine 
uptake and antiviral use, particularly among children 
with comorbidities or other risk factors for severe 
influenza.

VE estimates are now generated using test-negative 
design in multiple populations to guide vaccine strain 
choice. Existing southern-hemisphere systems and VE 
studies have either focused on children (and adults) 
presenting for outpatient or emergency care [7,26,27] 
or enrolled insufficient numbers of children to gen-
erate robust estimates for hospitalised influenza in 
children, particularly in any single influenza seasons 
[9,26,27]. The addition of large paediatric sites to 
the FluCAN network, has enabled calculation of VE 
estimates against hospitalised influenza for children 
aged < 16 years in a single season. Moreover, the VE 

point estimate (55.5% (95% CI: 11.6–77.6%)) is com-
parable to that observed in hospitalised adults (51.5% 
(95% CI: 41.6–59.7%), unpublished data), albeit with 
less precision. Restricting the estimate to those fully 
vaccinated resulted in a lower point estimate (41.1% 
(95% CI: -26.7–72.6%)) but given the small numbers 
of vaccinated cases and controls and wide confidence 
intervals, this result needs to be interpreted with cau-
tion, Similar differences in VE between different influ-
enza strains were also observed (data not shown). The 
addition of data from more paediatric hospitals, or 
over subsequent seasons, would assist in providing 
VE estimates against specific influenza strains and in 
subgroups of interest, for example the children aged 6 
months to 2 years in whom data on VE is sparse.

There are a number of limitations to this study. The 
decision to test was left to the treating clinician using 
local guidelines. The impact of this is expected to be 
small as influenza tests are routinely recommended 
for infection control purposes in children requiring 
hospital admission with acute respiratory symptoms. 
It remains possible that the decision to test might 
have been influenced by vaccination status. As in all 
observational studies, a biased estimate of VE may 
result from unmeasured confounding or misascertain-
ment of vaccination status or outcome. Case ascertain-
ment was likely incomplete due to the underutilisation 
of influenza laboratory testing by treating clinicians, 
despite the diagnosis of influenza having implications 
for infection control and antiviral use in hospitals. 

Table 4
Estimated vaccine effectiveness against hospitalisation with influenza in children aged > 6 months (vaccine effectiveness 
cohort), Influenza Complications Alert Network, Australia, April to October 2014

Strains
Number of cases and controls

Unadjusted VE (95% 
CI) Adjusted VEa (95% CI)Vaccinated 

cases
Unvaccinated 

cases
Vaccinated 

controls
Unvaccinated 

controls
Vaccinated cases inclusive of fully and partially vaccinated children
All 
strainsb 18 236 28 197 48.8% 

(1.1%, 73.5%)
55.5% 

(11.6%, 77.6%)

H1N1 1 72 28 197 90.2% 
(26.9%, 98.7%)

91.6%c 
(36.0%, 98.9%)

H3N2 13 90 28 197 6.2% 
(-110.7%, 58.2%)

-4.0% 
(-138.9%, 54.7%)

B 2 22 28 197 66.0% 
(-163.3%, 95.6%)

65.0% 
(-179.4%, 95.6%)

Vaccinated cases inclusive of fully vaccinated cases only
All 
strainsb 15 236 18 197 30.5% 

(-45.7%, 66.8%)
41.1% 

(-26.7%, 72.6%)
H1N1 0 72 18 197 100% 100%c

H3N2 11 90 18 197 3.5% 
(-154.1%, 63.4%)

-13.6% 
(-204.1%, 57.6%)

B 2 22 18 197 47.3% 
(-317.0%, 93.3%)

51.5% 
(-294.4%, 94.0%)

CI: confidence intervals; VE: vaccine effectiveness.
a adjusted for age > 2 years, and comorbidities
b Inclusive of patients with untyped influenza A infection, H1N1, H3N2 and influenza B.
c 1 patient with A(H1N1) was partially vaccinated and none fully vaccinated. Non-conditional logistic regression used
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Delayed presentations or secondary bacterial pneu-
monia may be associated with false negative influ-
enza tests as the influenza infection may be cleared at 
the time of presentation. Influenza subtyping was not 
available for the majority (55%) of patients, thereby 
limiting our ability to determine the relative burden of 
influenza A types and calculate accurate VE estimates 
by strain. Furthermore, the antigenic characteristics of 
influenza viruses from cases was not performed and as 
such we are unable to determine the relatedness of cir-
culating strains with influenza strains included in the 
2014 seasonal vaccine. The inability to determine vac-
cination status in all children was a limitation although 
no significant differences were noted when influenza 
status and risk factors of those with known vaccination 
status were compared with children with unknown vac-
cination status (data not shown). Low vaccine uptake 
was a major limitation impacting on our ability to more 
precisely calculate VE.

In summary, we describe more than 400 children hos-
pitalised with seasonal influenza in Australia, of whom 
10% required ICU admission. Influenza A was detected 
in 90% of cases with influenza A(H1N109)pdm the 
most frequent subtype. Vaccine uptake in those with 
and without comorbidities remains poor. Use of influ-
enza antivirals in children is infrequent. TIV appeared 
moderately effective against hospitalisation with any 
influenza in 2014, but was more effective against the 
influenza A(H1N109)pdm subtype.

The FluCAN network and PAEDS group
Additional investigators of the FluCAN Influenza 
Complications Alert Network include:

• Peter Wark, University of Newcastle, John Hunter Hospital

• Cameron Hunter, Royal Hobart Hospital

• Tony Korman, Monash Health; Monash University

• John Upham, Princess Alexandra Hospital, The University 
of Queensland

• Simon Bowler, Mater Hospitals

• Mark Holmes, Royal Adelaide Hospital, University of 
Adelaide

• Louis Irving, Royal Melbourne Hospital, University of 
Melbourne

• Simon Brown, University of Western Australia, Royal Perth 
Hospital

• Grant Waterer, University of Western Australia, Royal Perth 
Hospital

• Dominic E Dwyer, University of Sydney, Westmead Hospital

Additional investigators from the PAEDS Group include:

• Elizabeth Elliott, Australian Paediatric Surveillance Unit, 
University of Sydney

• Yvonne Zurynski, Australian Paediatric Surveillance Unit, 
University of Sydney

• Peter McIntyre, National Centre for Immunisation Research 
and Surveillance of Vaccine Preventable Diseases, The 
Children’s Hospital at Westmead

• Robert Booy, National Centre for Immunisation Research 
and Surveillance of Vaccine Preventable Diseases, The 
Children’s Hospital at Westmead

• Nicholas Wood, National Centre for Immunisation Research 
and Surveillance of Vaccine Preventable Diseases, The 
Children’s Hospital at Westmead

• Alison Kesson, The Children’s Hospital at Westmead

• Peter Richmond, Princess Margaret Hospital and University 
of Western Australia, Perth

• Tom Snelling, Princesss Margaret Hospital and Telethon 
Kids Institute, Perth

• Jim Buttery, Murdoch Children’s Research Institute and 
Monash Medical Centre

• Nigel Crawford, Royal Children’s Hospital and Murdoch 
Children’s Research Institute

• Mike Gold, Women's and Children's Hospital, Adelaide

• Helen Marshall, Women's and Children's Hospital, Adelaide

• Anne Kynaston, Lady Cilento Children’s Hospital, Brisbane

• Julia Clark, Lady Cilento Children’s Hospital, Brisbane

FluCAN and PAEDS are funded by the Australian Department 
of Health.

Acknowledgements
We thank Sue Dixon, Sue Richmond (Cairns Base Hospital), 
Tina Collins, Michelle Collins (Princess Alexandra Hospital), 
Wendy Beckingham, Sammy Xu (The Canberra Hospital), 
Amber Smith, Lorissa Hopkins, Douglas Dorahy (John Hunter 
Hospital), Susan Wagg (Royal Hobart Hospital), Janine Roney, 
Leah Christie, Jill Garlick (The Alfred), Kate Ellis (University 
Hospital Geelong), Jocelynne McRae, Helen Knight, Sue 
Low, Sharon Tan, Laura Rost, Jean Li-Kim-Moy (Children’s 
Hospital at Westmead), Carolyn Finucane, Jackie Connell, 
(Princess Margaret Hospital). We also thank the members of 
the FluCAN network and the PAEDS group, whose additional 
investigators are listed below.

Conflict of interest
Dr Blyth has received salary supported from a WA Health / 
Raine Medical Clinical Research Fellowship.

Authors’ contributions
Drs Blyth, Macartney, Hewagama, Senenayake, Friedman, 
Simpson and Upham supervised recruitment of children at 
their respective sites. Drs Cheng, Kotsimbos and Kelly es-
tablished the FluCAN network. Drs Blyth and Cheng under-
took the analysis and drafted the manuscript. All authors 
reviewed the manuscript prior to submission.



9www.eurosurveillance.org

References
1.	 Dawood FS, Iuliano AD, Reed C, Meltzer MI, Shay DK, Cheng PY,  

et al.  Estimated global mortality associated with the first 12 
months of 2009 pandemic influenza A H1N1 virus circulation: 
a modelling study. Lancet Infect Dis. 2012;12(9):687-95. DOI: 
10.1016/S1473-3099(12)70121-4 PMID: 22738893

2.	 Chiu C, Dey A, Wang H, Menzies R, Deeks S, Mahajan D,  
et al.  Vaccine preventable diseases in Australia, 2005 to 
2007. Commun Dis Intell Q Rep. 2010;34(Supp):S1-167.PMID: 
21416762

3.	 Carr S. Seasonal and pandemic influenza: an overview with 
pediatric focus.Adv Pediatr. 2012;59(1):75-93. DOI: 10.1016/j.
yapd.2012.04.016 PMID: 22789575

4.	 Khandaker G, Zurynski Y, Ridley G, Buttery J, Marshall H, 
Richmond PC,  et al.  Clinical epidemiology and predictors 
of outcome in children hospitalised with influenza A(H1N1)
pdm09 in 2009: a prospective national study. Influenza Other 
Respi Viruses. 2014;8(6):636-45. DOI: 10.1111/irv.12286 PMID: 
25263176

5.	 Zurynski Y, McIntyre P, Booy R, Elliott EJ, PAEDS Investigators 
Group. Paediatric active enhanced disease surveillance: a 
new surveillance system for Australia.J Paediatr Child Health. 
2013;49(7):588-94. DOI: 10.1111/jpc.12282 PMID: 23781900

6.	 Australian Technical Advisory Group on Immunisation. 
Australian Immunisation Handbook 10th Edition. Canberra: 
Department of Health; 2013. [Accessed Oct 2015]. Available 
from: http://www.immunise.health.gov.au/internet/immunise/
publishing.nsf/Content/Handbook10-home

7.	 Blyth CC, Jacoby P, Effler PV, Kelly H, Smith DW, Robins C,  et 
al. , WAIVE Study Team. Effectiveness of trivalent flu vaccine in 
healthy young children.Pediatrics. 2014;133(5):e1218-25. DOI: 
10.1542/peds.2013-3707 PMID: 24753525

8.	 Kelly H, Jacoby P, Dixon GA, Carcione D, Williams S, Moore 
HC,  et al. , WAIVE Study Team. Vaccine Effectiveness Against 
Laboratory-confirmed Influenza in Healthy Young Children: A 
Case-Control Study.Pediatr Infect Dis J. 2011;30(2):107-11. DOI: 
10.1097/INF.0b013e318201811c PMID: 21079528

9.	 Dixon GA, Moore HC, Kelly H, Jacoby P, Carcione D, Williams 
S,  et al. , WAIVE study team. Lessons from the first year of the 
WAIVE study investigating the protective effect of influenza 
vaccine against laboratory-confirmed influenza in hospitalised 
children aged 6-59 months.Influenza Other Respi Viruses. 
2010;4(4):231-4. DOI: 10.1111/j.1750-2659.2010.00141.x PMID: 
20629773

10.	 Jefferson T, Rivetti A, Di Pietrantonj C, Demicheli V, Ferroni E. 
Vaccines for preventing influenza in healthy children.Cochrane 
Database Syst Rev. 2012;8(8):CD004879.PMID: 22895945

11.	 Osterholm MT, Kelley NS, Sommer A, Belongia EA. Efficacy 
and effectiveness of influenza vaccines: a systematic review 
and meta-analysis.Lancet Infect Dis. 2012;12(1):36-44. DOI: 
10.1016/S1473-3099(11)70295-X PMID: 22032844

12.	 Cowling BJ, Chan KH, Feng S, Chan EL, Lo JY, Peiris JS,  et 
al.  The effectiveness of influenza vaccination in preventing 
hospitalizations in children in Hong Kong, 2009-2013. Vaccine. 
2014;32(41):5278-84. DOI: 10.1016/j.vaccine.2014.07.084 
PMID: 25092636

13.	 Department of Health, Australian Government. National 
Notifiable Surveillance System Data; [Accessed 24 Sep 2015). 
Available from: http://www9.health.gov.au/cda/source/cda-
index.cfm

14.	 Department of Health, Australian Government. Australian 
Influenza Surveillance Report No 8 -27 September to 10 
October 2014: [Accessed 23 Mar 2015]. Available from: http://
www.health.gov.au/internet/main/publishing.nsf/Content/
ozflu-surveil-no08-14.htm

15.	 Kelly PM, Kotsimbos T, Reynolds A, Wood-Baker R, Hancox B, 
Brown SG,  et al.  FluCAN 2009: initial results from sentinel 
surveillance for adult influenza and pneumonia in eight 
Australian hospitals. Med J Aust. 2011;194(4):169-74.PMID: 
21401456

16.	 Greenland S, Thomas DC. On the need for the rare disease 
assumption in case-control studies.Am J Epidemiol. 
1982;116(3):547-53.PMID: 7124721

17.	 Rodrigues L, Kirkwood BR. Case-control designs in the study of 
common diseases: updates on the demise of the rare disease 
assumption and the choice of sampling scheme for controls.Int 
J Epidemiol. 1990;19(1):205-13. DOI: 10.1093/ije/19.1.205 PMID: 
2190942

18.	 Smith PG, Rodrigues LC, Fine PE. Assessment of the protective 
efficacy of vaccines against common diseases using case-
control and cohort studies.Int J Epidemiol. 1984;13(1):87-93. 
DOI: 10.1093/ije/13.1.87 PMID: 6698708

19.	 Cheng AC, Brown S, Waterer G, Holmes M, Senenayake S, 
Friedman ND,  et al.  Influenza epidemiology, vaccine coverage 
and vaccine effectiveness in sentinel Australian hospitals in 

2012: the Influenza Complications Alert Network (FluCAN). 
Commun Dis Intell Q Rep. 2013;37(3):E246-52.PMID: 24890961

20.	 Cheng AC, Holmes M, Irving LB, Brown SG, Waterer GW, 
Korman TM,  et al.  Influenza vaccine effectiveness against 
hospitalisation with confirmed influenza in the 2010-11 
seasons: a test-negative observational study. PLoS One. 
2013;8(7):e68760. DOI: 10.1371/journal.pone.0068760 PMID: 
23874754

21.	 Naidu L, Chiu C, Habig A, Lowbridge C, Jayasinghe S, Wang H,  
et al.  Vaccine preventable diseases and vaccination coverage 
in Aboriginal and Torres Strait Islander people, Australia 2006-
2010. Commun Dis Intell Q Rep. 2013;37(Suppl):S1-95.PMID: 
24410428

22.	 Australian Bureau of Statistics. ABS statistics. Canberra: 
Australian Government; 2015. [Accessed 24 Sep 2015]. 
Available from: http://www.abs.gov.au/

23.	 Jefferson T, Jones M, Doshi P, Spencer EA, Onakpoya I, 
Heneghan CJ. Oseltamivir for influenza in adults and children: 
systematic review of clinical study reports and summary of 
regulatory comments.BMJ. 2014;348(apr09 2):g2545. DOI: 
10.1136/bmj.g2545 PMID: 24811411

24.	Dobson J, Whitley RJ, Pocock S, Monto AS. Oseltamivir 
treatment for influenza in adults: a meta-analysis of 
randomised controlled trials.Lancet. 2015;385(9979):1729-37. 
DOI: 10.1016/S0140-6736(14)62449-1 PMID: 25640810

25.	 Nguyen-Van-Tam JS, Venkatesan S, Muthuri SG, Myles PR. 
Neuraminidase inhibitors: who, when, where?Clin Microbiol 
Infect. 2015;21(3):222-5. DOI: 10.1016/j.cmi.2014.11.020 PMID: 
25703253

26.	 Turner N, Pierse N, Bissielo A, Huang Q, Radke S, Baker M,  et 
al. , SHIVERS investigation team. Effectiveness of seasonal 
trivalent inactivated influenza vaccine in preventing influenza 
hospitalisations and primary care visits in Auckland, New 
Zealand, in 2013.Euro Surveill. 2014;19(34):20884. DOI: 
10.2807/1560-7917.ES2014.19.34.20884 PMID: 25188614

27.	 Turner N, Pierse N, Bissielo A, Huang QS, Baker MG, 
Widdowson MA,  et al. , SHIVERS investigation team. The 
effectiveness of seasonal trivalent inactivated influenza 
vaccine in preventing laboratory confirmed influenza 
hospitalisations in Auckland, New Zealand in 2012.Vaccine. 
2014;32(29):3687-93. DOI: 10.1016/j.vaccine.2014.04.013 
PMID: 24768730

License and copyright
This is an open-access article distributed under the terms of 
the Creative Commons Attribution (CC BY 4.0) Licence. You 
may share and adapt the material, but must give appropriate 
credit to the source, provide a link to the licence, and indi-
cate if changes were made.

This article is copyright of the authors, 2016.

This article is copyright of the European Centre for Disease 
Prevention and Control, 2016.


