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Summary: Significant influenza-associated pediatric morbidity was observed in Australia in 2017. This
has prompted multiple Australian states to introduce funded preschool vaccination in 2018. In 2017,
inactivated quadrivalent vaccine was protective but with lower effectiveness than observed in

previous seasons.



57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

Abstract

Background: In 2017, Australia experienced record influenza notifications. Two sentinel surveillance
programs combined to summarise the epidemiology of hospitalised influenza in children and report
on vaccine effectiveness (VE) in the context of a limited nationally-funded pediatric influenza

vaccination program.

Methods: Subjects were prospectively recruited from April until October. Cases were children aged
<16 years admitted to eleven hospitals with an acute respiratory illness (ARI) and laboratory-
confirmed influenza. Controls were hospitalised children with ARI testing negative for influenza. VE

estimates were calculated using the test-negative-design.

Results: 1268 children were hospitalised with influenza: 31.5% were <2 years, 8.2% were Indigenous,
and 45.1% had comorbidities predisposing to severe influenza. Influenza B was detected in 34.1% with
Influenza A/HIN1 and A/H3N2 detected in 47.2% and 52.8% of subtyped Influenza A specimens. The
median length of stay was 3 days (IQR: 1,5), 14.5% were admitted to ICU and 15.9% received
oseltamivir. Four in-hospital deaths occurred (0.3%), one considered to be influenza-associated. Only
17.1% of test-negative-controls were vaccinated with poor coverage in children eligible for free
vaccine. The VE of inactivated quadrivalent influenza vaccine (QlV) for preventing hospitalised

influenza was estimated at 30.3% (95%Cl: 2.6%;50.2%).

Conclusions: Significant influenza-associated morbidity was observed in 2017 in Australia. Most
hospitalised children had no comorbidities predisposing to severe influenza. Vaccine coverage and
antiviral use was inadequate. QIV was protective in 2017 yet VE was lower than previous seasonal
estimates. Multiple Australian states have introduce funded preschool vaccination programs in 2018.

Additional efforts to promote vaccination and monitor effectiveness are required.
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Introduction

Influenza is a common respiratory viral infection that affects up to 10% of the population each year
(1, 2). Previous studies demonstrate that young children have the highest rate of hospitalisation (3).
The Influenza Complications Alert Network (FIUCAN), a national sentinel surveillance program for
severe influenza, was established in 2009 to monitor hospitalisations in Australian adults with
confirmed influenza (4). Comprehensive clinical data were collected from Australian children admitted
to six tertiary pediatric hospitals during the 2009 influenza pandemic (5). However, from 2010-13,
insufficient numbers of children were prospectively enrolled in surveillance programs to ascertain
pediatric seasonal influenza activity and severity in Australia. In 2014, two tertiary pediatric hospitals
in New South Wales (NSW) and Western Australia (WA) from the separate Paediatric Active Enhanced
Disease Surveillance network (PAEDS (6)) were included in the existing FIUCAN sentinel system (7). In
2017, this collaboration was extended to include four further PAEDS hospitals resulting in a nationally

representative pediatric influenza surveillance program.

Inactivated influenza vaccination is recommended by the Australian Technical Advisory Group on
Immunisation (ATAGI) for all children 6 months and older. Despite this recommendation, influenza
vaccine was only provided free of charge in 2017 under the National Immunisation Program (NIP) for
all children 26 months of age with comorbidities predisposing them to severe outcomes following
influenza infection and Indigenous children aged 6-59 months (8). In a single state, Western Australia,
a state funded program has provided free influenza vaccine to all children 6-59 months of age from

2008 (9-11).

The 2017 Southern Hemisphere influenza vaccine contained influenza A/Michigan/45/2015
(HIN1)pdmO9 like virus; A/Hong Kong/4801/2014 (H3N2) like virus, B/Brisbane/60/2008 like virus and
B/Phuket/3073/2013 like virus (12). Vaccines distributed for children in 2017 included: FluQuadri

Junior and FluQuadri (Sanofi-Aventis; FluQuadri Junior provided for children 6-35 months) and Fluarix
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Tetra (GlaxoSmithKline; recommended for children 3 years and older) (12). Live attenuated influenza

vaccine has not been available in the Southern Hemisphere.

Previous studies have demonstrated that the Southern Hemisphere inactivated influenza vaccine is
protective against influenza in children (13, 14). The Western Australian Influenza Vaccine
Effectiveness study previously estimated vaccine effectiveness (VE) of TIV in children six to 59 months
attending a pediatric emergency department against any laboratory-confirmed influenza at 64.7% (95%
confidence interval [ClI] 33.7, 81.2) (9). The PAEDS-FIuCAN collaboration has previously demonstrated

vaccine effectiveness of 55.5% (11.6, 77.6) against hospitalisation in children in 2014 (7).

In this paper, we describe the epidemiology of hospitalisation in children presenting to Australian
sentinel sites with confirmed influenza, identify predictors for severe disease (intensive care unit (ICU)
admission; prolonged length of stay) and describe vaccine coverage and effectiveness estimates of the

2017 inactivated quadrivalent influenza vaccine (QIV).
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Methods

FIUCAN is a national hospital-based surveillance system recruiting patients with laboratory-confirmed
influenza from 15 sentinel sites (4). In 2017, additional surveillance sites from the PAEDS network
joined the surveillance network including five large specialty pediatric hospitals: Children’s Hospital at
Westmead (NSW), Lady Cilento Children’s Hospital (Queensland: QLD), Monash Children’s Hospital
(Victoria; VIC) Princess Margaret Hospital (WA), Women and Children’s Hospital (South Australia: SA);
and a large general hospital with an established pediatric unit: Royal Darwin Hospital (Northern
Territory: NT). In addition, pediatric patients from other participating FIUCAN hospitals were also
enrolled; Alice Springs (NT), Cairns Base Hospital (QLD), Canberra Hospital (Australian Capital Territory:

ACT), Geelong Hospital (VIC) and Royal Hobart Hospital (Tasmania; TAS).

An influenza case was defined as a patient (<16 years) admitted to hospital with an acute respiratory
illness (ARI) and influenza confirmed by nucleic-acid-testing (NAT). Influenza testing was initiated by
clinicians based on local guidelines. All influenza cases were confirmed using real-time reverse
transcriptase polymerase chain reaction (PCR) assays using standard primers. Subtype and lineage
were not routinely performed in all laboratories. All tests were performed in local or referral
laboratories accredited by the National Association of Testing Authorities. An ARI was defined by the
presence of new respiratory symptoms including cough, shortness of breath or rhinorrhoea. A hospital

admission was defined as requiring inpatient care outside of the emergency department.

Prospective clinician-led surveillance was conducted during the 2017 southern hemisphere influenza
season (April to October; follow up continuing to end of November) using a detailed case-report form.
Admission to an intensive care unit (ICU) was recorded as well as risk factors predisposing to severe
outcomes including race (Indigenous or non-Indigenous) and the presence of underlying conditions

(hereafter referred to as comorbidities) (8). Comorbidities assessed included congenital heart disease,
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chronic respiratory and neurological disorders, immunocompromising conditions and chronic illnesses

such as diabetes mellitus and renal failure (8).

Influenza complications and management

We examined factors associated with ICU admission using multivariable regression. Factors
independently associated with ICU admission were determined using a logistic regression model with
no variable selection process, as all factors were plausibly related to ICU admission. Factors associated
with length of hospital stay (LOS) were modelled using a negative binomial regression and adjusted
length of stay ratios were calculated using the exponential of the LOS regression coefficient.
Presentation delay was defined as the time from onset of illness to hospital admission. Treatment
delay was defined as the time from onset of illness to oseltamivir prescription (in patients that
received treatment). Patients were categorised into those that (a) did not receive oseltamivir (b)
received oseltamivir within 2 days of symptom onset and (c) received oseltamivir >2 days after

symptom onset.

Estimation of vaccination coverage and effectiveness

Vaccination status was obtained from the medical record, by parental report and confirmed on the
national Australian Immunisation Register (AIR) (15). Immunized was defined as receipt of at least one
dose of a licenced influenza vaccine prior to presentation. Vaccination coverage was estimated in

control patients’ 26 months of age admitted with ARI testing negative to influenza by PCR.

We used an incidence density test negative design to estimate vaccine effectiveness, where controls
were selected from influenza-test negative subjects with ARI tested contemporaneously with a case:
controls could be test-negative for all pathogens or have an alternative respiratory pathogen detected
(16-18). Vaccine effectiveness (VE) was estimated as 1 minus the odds ratio of vaccination in influenza
positive cases compared to test-negative control patients using methods previously described (4, 19).

8
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Only children 26 months of age and tested within seven days of admission were included in VE
estimates. A conditional logistic regression model using influenza case status as the dependent
outcome was constructed from influenza vaccination. The model was adjusted for potential
confounders (age group [6-11months, 12-23months, 2-4years, 5-9years, 210 years], indigenous status,
comorbidities and stratified by site and month of illness. Sensitivity analyses were performed by
i) restricting the cohort to children 26months of age tested within seven days of symptom onset and

ii) excluding those whose symptoms onset occurred within 14 days of vaccination.

Analyses were performed using Stata 14 for Windows (College Station, Texas, USA). Ethics approval

has been obtained at all participating sites and Monash University.
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Results

During the period 2 April to 31 October 2017, 1268 children were admitted with PCR-confirmed
influenza to eleven hospitals (table 1). The peak rate of admission was in late-August (week 34-35:
supplemental figure 1). Of these 1268 children, 400 (31.5%) were <2 years of age, 105 (8.3%) were

Indigenous, and 572 (45.1%) had underlying comorbidities (table 1; table 2).

Presentation and treatment

In 1192 patients with confirmed influenza where the duration of symptoms was known, the median
duration of symptoms prior to admission was 3 days (IQR 1,5 days). A subset of 42 cases (3.3%) were
diagnosed 27 days after hospital admission and therefore were likely to be hospital-acquired. Only
199 (15.9%) patients with influenza, received oseltamivir; of these, 82 (6.6% of total) patients were

known to have received oseltamivir within 48 hours of symptom onset.

Of all influenza cases, 184 (14.5%) were admitted to ICU. Young infants (<6 months; OR 1.97 [95%Cl:
1.21,3.20], p=0.006) and those with comorbidities (OR 2.29 [95%Cl: 1.60,3.26], p<0.001] were at
increased odds of ICU admission (table 3). The rate of ICU admission was not influenced by Indigenous

status, influenza type or vaccination status.

Outcomes

The median length of stay was 3 days (IQR: 1,5). The mean LOS was 4.6 days. LOS was prolonged in
Indigenous patients (adjusted length of stay ratio [aLOSR]: 1.51 [95%Cl: 1.19,1.92], p=0.001), those
admitted to ICU (aLOSR: 3.45 [2.94,4.05], p<0.001), children with comorbidities (aLOSR: 1.34
[1.11,1.61], p=0.002) and those receiving antivirals (aLOSR: 1.76 [1.25, 2.47, p = 0.001]). Vaccination

status was not associated with increased length of stay.

10
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In-hospital death was reported in four children (0.3%) ranging in age from <1 month to 13 years. Death
occurred 20 to 43 days after influenza diagnosis. Three children had pre-existing comorbidities and all
required ICU admission for respiratory support and/or extra corporal membrane oxygenation. One
child died of Staphylococcus aureus pneumonia related to influenza infection (0.07%) with other

deaths unrelated to influenza infection.

Vaccine coverage

Vaccine coverage for all children >6 months of age (figure 1; table 4), was low. Of the 551 children
who tested negative for influenza within 7 days of onset of illness, only 94 had received at least one
dose of vaccine in 2017 (17.1%; 95%Cl: 13.9,20.2; figure 2). Despite a funded influenza program,
vaccine coverage remained poor in WA children with only 24.4% (10.7,38.1) of test-negative children
aged 6-59 month vaccinated (national average: 14.8%; [11.7; 18.5]). No significant difference between
states were observed (figure 2a). Vaccine coverage in influenza test-negative children with
comorbidities ranged from 31.6% in WA to 22.9% in SA (figure 2b). Vaccine coverage was increased in
older children with comorbidities (33.0% in children =5 years compared with 19.8% in children 6-23
months; figure 2c). Higher vaccine coverage was observed in indigenous children (30.0% [12.6;47.4])
compared with non-indigenous children (16.5% [13.1;19.4]). In the age group eligible for funded
vaccine (Indigenous children 6-59 months), vaccine coverage was significantly greatly in indigenous
children (38.1% [15.4;60.7]) compared with non-Indigenous children (13.5% [10.1;16.9] p < 0.01) but

overall vaccination coverage was low.

Vaccine effectiveness

After adjusting for age group, comorbidities and Indigenous status, vaccine effectiveness was
estimated as 30.3% [95%Cl 2.6; 50.2%; table 5]. Vaccine effectiveness did not differ by infecting type
(table 5; Influenza A: 28.7% [-3.0; 50.6%], Influenza B: 32.3% [-11.2; 58.8%). Low VE was also

demonstrated in children with comorbidities. By restricting the cohort to those tested within 7 days

11
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of symptom onset, vaccine effectiveness was estimated to be 24.3% [-7.1; 46.6%). Following exclusion
of those vaccinated within 14 days of symptom onset, vaccine effectiveness was estimated to be 31.7%

(2.9; 51.9%)

Discussion

We report on the largest and most comprehensive Australian study to date of pediatric influenza
detailing data from 11 sentinel sites. Inclusion of tertiary pediatric hospitals (from the separate PAEDS
network (6)) into the existing FIUCAN sentinel system has allowed us to report on influenza in 1268
hospitalised children inclusive of metropolitan and regional hospitals, specialist pediatric hospitals and
hospitals in tropical and subtropical regions. By collecting data on control patients testing negative for
influenza, vaccine coverage (particularly in vulnerable patients) and effectiveness against severe

influenza has been accurately estimated (20).

These data demonstrate that the majority of Australian children requiring admission to hospital with
influenza are aged <5 years (57.8%) and have no comorbidities (54.9%). Of those hospitalised in 2017,
14% were admitted to ICU and the in-hospital case fatality rate was 0.3%. Despite a significant increase
in influenza activity in all age groups in the majority of Australian states in 2017 (21), pediatric
influenza outcomes appear similar to those observed in previous years (ICU admission: 11% in 2014
and 10% in 2009 and case fatality rate: 0.3% and 0.9%, respectively (5, 7).) Indigenous children were
overrepresented in influenza-associated admissions (8.3% of the total influenza-positive population
compared with the national average of 4.4% (22)) as were children with comorbidities (45.1% of the
total influenza positive population). These data highlight the ongoing significant burden of influenza

in childhood and impact on health-care systems.

The FIuCAN network has reported vaccine effectiveness in Australian adults since 2010 but has lacked

sufficient recruitment to report separate pediatric VE estimates (19, 20, 23, 24). The addition of large

12



257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

pediatric sites to the network, has enabled calculation of VE estimates against hospitalised influenza
for children aged <16 years. In a 2014 pilot study, where two PAEDS sites were included, pediatric VE
was estimated at (55% [95%Cl 12, 77%]), comparable to that observed in hospitalised adults in the
same year (51% [95%Cl 42, 60%](7)). Likewise, the 2017 pediatric vaccine effectiveness point estimate
(30% [95%CI 3%, 50%]) is comparable to that observed in hospitalised adults (23% [95% Cl: 7%, 36%])
(25). These data highlight that VE estimates in children and adults are comparable, providing further

evidence of the effectiveness of inactivated vaccines against hospitalised influenza in childhood.

In 2017, Australia experienced record high influenza disease notifications in all age groups (21). Data
from the PAEDS-FLUCAN collaboration and other surveillance data have been used by policy makers
in states and territories to justify the provision of funded preschool influenza vaccination in 2018.
Through these programs, it is anticipated that national influenza vaccine coverage will significantly
improve. As the most effective influenza prevention strategy available, vaccination is likely to have a
direct impact on the burden of disease in children and potentially an impact on influenza burden more
broadly through indirect effects (26-28). The overall benefits of such a program will continue to be
influence by the variable and moderate vaccine effectiveness observed with inactivated seasonal

influenza vaccines.

The findings of this study highlight ongoing and future challenges with childhood influenza vaccination
in Australia. Despite existing funding arrangements, vaccine coverage in children with comorbidities,
Indigenous children and children 6-59 months in WA remains inadequate. Free vaccination has been
provided through the NIP for children with comorbidities from 2010 yet coverage in those with
comorbidities has not significantly changed since 2009(5), remaining well below that observed in
adults with risk factors (2015 estimates: 80.2% in the elderly and 57.9% in non-elderly adults with
comorbidities(24)). Indigenous Australians are at increased risk of hospital admission with influenza;

national hospitalisation discharge data indicate that indigenous children aged <5 years are

13
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hospitalised more than twice as frequently with influenza compared with their non-indigenous peers
(29). This finding previously prompted the inclusion of Indigenous children <5 years of age as eligible
for NIP-funded influenza vaccination from 2015 onwards: coverage achieved with this program in 2017
continues to be inadequate. 2017 vaccine coverage in WA, the only state with a funded universal
vaccination program for children aged 6 to 59 months remains suboptimal. One dose coverage of >50%
was initially observed in this age group in WA when introduced in 2008 yet plummeted following
suspension of the program in 2010 with adverse events with one brand of influenza vaccine identified
(30, 31). Despite ongoing attempts to improve coverage in WA children, coverage remains inadequate.
Parents cite ongoing concerns about safety and side effects, despite extensive post marketing
surveillance data demonstrating low rates of adverse events (9, 32-35). As Australia moves to improve
influenza vaccination coverage in children in 2018, ongoing safety monitoring and community

engagement is paramount to the success of such a program (34).

As demonstrated in 2014, antiviral medications are infrequently used in Australian children with
influenza (7). Early clinical trials demonstrated more rapid resolution of symptoms and reduced
shedding when neuraminidase inhibitors were used early in the iliness (36). Although controversial,
individual patient level meta-analysis suggest that neuraminidase inhibitors including oseltamivir,
when used in seasonal influenza, result in a reduction in illness duration, hospitalization and
respiratory complication (37). Early use is expected to have greater impact compared with delayed
prescription. Antivirals are currently recommended in national antimicrobial guidelines, regardless of
symptom duration, for all individuals with established influenza-associated complications and for
patients requiring admission to hospital (38). The finding that oseltamivir receipt was associated with
prolonged length of stay needs to be interpreted in this study cautiously due to previously
demonstrated residual confounding by severity of iliness (39). Future work should focus on ways to

improve antiviral use, particularly among children with risk factors for severe influenza.
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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 Australian children requiring hospital admission with
acute respiratory symptoms. Delayed presentations or secondary bacterial pneumonia may be
associated with false negative influenza tests as the influenza infection may be cleared at the time of
presentation. It remains possible, although unlikely, that the decision to test might have been
influenced by vaccination status. In this study, we considered receipt of one or more doses of vaccine
to equal fully-vaccinated despite recommendations for children aged < 9 years of age to receive two
doses in the first vaccination year (8). As in all observational studies, a biased VE estimate may result
from unmeasured confounding or mis-ascertainment of vaccination status or outcome. Influenza
subtyping was not available for the majority of patients, limiting our ability to determine the relative
burden of influenza A types and calculate accurate vaccine effectiveness 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 circulating strains with influenza strains included
in the 2017 seasonal vaccine. Low vaccine uptake was also a major limitation impacting on our ability
to more precisely calculate vaccine effectiveness. Inclusion of many, but not all pediatric hospitals
precludes estimation of the population at risk and thus the incidence of hospitalised influenza: based
on previous estimates from two states, we estimate that this represents 20-40% of pediatric influenza
admission nationally in 2017 (40). Despite these limitations, this remains the largest and most

comprehensive study to date on pediatric influenza during a single season in Australia.

In summary, we describe more than 1200 children hospitalised with seasonal influenza in Australia, of
whom 14% required ICU admission. QIV appeared protective in 2017 but VE was lower than previous
estimates. With all states introducing funded pediatric influenza-vaccine programs in 2018, additional
efforts to promote vaccination are required. The PAEDS-FLUCAN Network is uniquely placed to

monitor the effectiveness of these programs against outcomes of public health importance.
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Notes:

Additional investigators of the FIuCAN Influenza Complications Alert Network include:

Prof Mark Holmes, University of Adelaide, Royal Adelaide Hospital,

Prof Dominic E Dwyer, University of Sydney, Westmead Hospital,

A/Prof Sanjaya Senenayake, Australian National University, The Canberra Hospital,
Dr Louise Cooley, Royal Hobart Hospital

A/Prof Louis Irving, Royal Melbourne Hospital, University of Melbourne,
Dr Graham Simpson, Cairns Base Hospital,

A/Prof Tony Korman, Monash Medical Centre; Monash University,
A/Prof N. Deborah Friedman, University Hospital Geelong,

Prof Peter Wark, University of Newcastle, John Hunter Hospital,

Dr Anna Holwell, Alice Springs Hospital,

Dr Simon Bowler, Mater Hospitals,

Prof John Upham, Princess Alexandra Hospital, University of Queensland,

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

Additional investigators from the PAEDS Group include:

Elizabeth Elliott, Australian Paediatric Surveillance Unit, University of Sydney

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

Robert Booy, National Centre for Imnmunisation 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,

Phillip Britton, National Centre for Inmunisation Research and Surveillance of Vaccine

Preventable Diseases, The Children’s Hospital at Westmead,
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e Alison Kesson, The Children’s Hospital at Westmead,

e Peter Richmond, Princess Margaret Hospital and University of Western Australia, Perth
e Tom Snelling, Princess Margaret Hospital and Telethon Kids Institute, Perth

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

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

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

FIUCAN receives support from the Australian Government Department of Health. PAEDS receives
support from the National Health and Medical Research Council (NHMRC Partnership Grant:
APP1113851), Australian Government Departments of Health and Departments of Health in NSW,
Victoria, Queensland, South Australia, Western Australia and the Northern Territory. A/Prof Blyth, Prof

Marshall and Prof Cheng are supported by NHMRC Fellowships.

17



374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406

Reference

1. Dawood FS, luliano 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 HIN1 virus circulation: a
modelling study. The Lancet Infectious diseases. 2012;12(9):687-95.

2. Ruf BR, Knuf M. The burden of seasonal and pandemic influenza in infants and children. Eur J
Pediatr. 2014;173(3):265-76.

3. Chiu C, Dey A, Wang H, Menzies R, Deeks S, Mahajan D, et al. Vaccine preventable diseases in
Australia, 2005 to 2007. Communicable diseases intelligence quarterly report. 2010;34 Supp:S1-167.
4, 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.
The Medical Journal of Australia. 2011;194(4):169-74.

5. 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(H1IN1)pdmO09 in
2009: a prospective national study. Influenza and Other Respiratory Viruses. 2014;8(6):636-45.

6. Zurynski Y, Mcintyre P, Booy R, Elliott EJ, Group PI. Paediatric active enhanced disease
surveillance: a new surveillance system for Australia. Journal of Paediatrics and Child Health.
2013;49(7):588-94.

7. Blyth CC, Macartney KK, Hewagama S, Senenayake S, Friedman ND, Simpson G, et al.
Influenza epidemiology, vaccine coverage and vaccine effectiveness in children admitted to sentinel
Australian hospitals in 2014: the Influenza Complications Alert Network (FIUCAN). Euro surveillance.
2016;21(30). doi: 10.2807/1560-7917.ES.2016.21.30.30301.

8. Australian Technical Advisory Group on Immunisation, Australian Immunisation Handbook
10th Edition, Department of Health, Australian Government. Australian Technical Advisory Group on
Immunisation, Australian Government, Editor. 2013, NHMRC: Canberra.

9. Blyth CC, Jacoby P, Effler PV, Kelly H, Smith DW, Robins C, et al. Effectiveness of trivalent flu
vaccine in healthy young children. Pediatrics. 2014;133(5):e1218-25.

10. Kelly H, Jacoby P, Dixon GA, Carcione D, Williams S, Moore HC, et al. Vaccine Effectiveness
Against Laboratory-confirmed Influenza in Healthy Young Children: A Case-Control Study. The
Pediatric infectious disease journal. 2011;30(2):107-11.

11. Dixon GA, Moore HC, Kelly H, Jacoby P, Carcione D, Williams S, et al. 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 and other respiratory

viruses. 2010;4(4):231-4.

18



407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439

12. Therapeutic Goods Adminstration, 2017 seasonal influenza vaccines, Department of Health.

Australian Government, Editor. 2017: https://www.tga.gov.au/media-release/2017-seasonal-

influenza-vaccines (accessed 12th March 2018).

13. Jefferson T, Rivetti A, Di Pietrantonj C, Demicheli V, Ferroni E. Vaccines for preventing
influenza in healthy children. The Cochrane Database of Systematic Reviews. 2012;8:CD004879.

14. Osterholm MT, Kelley NS, Sommer A, Belongia EA. Efficacy and effectiveness of influenza
vaccines: a systematic review and meta-analysis. The Lancet Infectious Diseases. 2012;12(1):36-44.
15. Hull BP, Deeks SL, Mcintyre PB. The Australian Childhood Immunisation Register-A model for
universal immunisation registers? Vaccine. 2009;27(37):5054-60.

16. Greenland S, Thomas DC. On the need for the rare disease assumption in case-control studies.
American journal of epidemiology. 1982;116(3):547-53.

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.
International Journal of Epidemiology. 1990;19(1):205-13.

18. Smith PG, Rodrigues LC, Fine PE. Assessment of the protective efficacy of vaccines against
common diseases using case-control and cohort studies. International Journal of Epidemiology.
1984;13(1):87-93.

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 (FIUCAN). Communicable Diseases Intelligence Quarterly
Report. 2013;37(3):E246-52.

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.

21. Department of Health , Australian Government., Australian Influenza Surveillance Report and
Activity Updates, in 2017 Influenza Season in Australia, Department of Health Editor. 2017:

http://www.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-ozflu-

flucurr.htm/SFile/2017-season-summary-22112017.pdf (accessed 12th March 2018).

22. Australian Bureau of Statistics, ABS statistics, Editor. 2015, Australian Government: Canberra.
23. Cheng AC, Dwyer DE, Holmes M, Irving LB, Brown SG, Waterer GW, et al. Influenza
epidemiology, vaccine coverage and vaccine effectiveness in sentinel Australian hospitals in 2013: the
Influenza Complications Alert Network. Communicable Diseases Intelligence Quarterly Report.

2014;38(2):E143-9.

19


https://www.tga.gov.au/media-release/2017-seasonal-influenza-vaccines
https://www.tga.gov.au/media-release/2017-seasonal-influenza-vaccines
http://www.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-ozflu-flucurr.htm/$File/2017-season-summary-22112017.pdf
http://www.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-ozflu-flucurr.htm/$File/2017-season-summary-22112017.pdf

440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473

24. Cheng AC, Holmes M, Dwyer DE, Irving LB, Korman TM, Senenayake S, et al. Influenza
epidemiology in patients admitted to sentinel Australian hospitals in 2015: the Influenza
Complications Alert Network. Communicable Diseases Intelligence Quarterly Report.
2016;40(4):E521-E6.

25. Cheng AC, Holmes M, Dwyer D, Senenayake S, Cooley L, Irving L, et al. Influenza epidemiology
in patients admitted to sentinel Australian hospitals in 2017: the Influenza Complications Alert
Network (FIuCAN). 2018 (submitted for publication)

26. Loeb M, Russell ML, Moss L, Fonseca K, Fox J, Earn DJ, et al. Effect of influenza vaccination of
children on infection rates in Hutterite communities: A Randomized Trial. JAMA. 2010;303(10):943-
50.

27. Hodgson D, Baguelin M, van Leeuwen E, Panovska-Griffiths J, Ramsay M, Pebody R, et al. Effect
of mass paediatric influenza vaccination on existing influenza vaccination programmes in England and
Wales: a modelling and cost-effectiveness analysis. Lancet Public Health. 2017;2(2):e74-e81.

28. Yin JK, Heywood AE, Georgousakis M, King C, Chiu C, Isaacs D, et al. Systematic Review and
Meta-analysis of Indirect Protection Afforded by Vaccinating Children Against Seasonal Influenza:
Implications for Policy. Clinical Infectious Diseases. 2017;65(5):719-28.

29. 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.
Communicable Diseases Intelligence Quarterly Report. 2013;37 Suppl:S1-95.

30. Armstrong PK, Dowse GK, Effler PV, Carcione D, Blyth CC, Richmond PC, et al. Epidemiological
study of severe febrile reactions in young children in Western Australia caused by a 2010 trivalent
inactivated influenza vaccine. BMJ open. 2011;1(1):e000016.

31. Blyth CC, Currie AJ, Wiertsema SP, Conway N, Kirkham LA, Fuery A, et al. Trivalent influenza
vaccine and febrile adverse events in Australia, 2010: clinical features and potential mechanisms.
Vaccine. 2011;29(32):5107-13.

32. Blyth CC, Jacoby P, Effler PV, Kelly H, Smith DW, Borland ML, et al. Influenza Vaccine
Effectiveness and Uptake in Children at Risk of Severe Disease. Pediatric Infectious Disease Journal.
2016;35(3):309-15.

33. Blyth CC, Richmond PC, Jacoby P, Thornton P, Regan A, Robins C, et al. The impact of pandemic
A(H1N1)pdmO09 influenza and vaccine-associated adverse events on parental attitudes and influenza
vaccine uptake in young children. Vaccine. 2014;32(32):4075-81.

34. Pillsbury A, Cashman P, Leeb A, Regan A, Westphal D, Snelling T, et al. Real-time safety
surveillance of seasonal influenza vaccines in children, Australia, 2015. Euro surveillance n.

2015;20(43):pii=30050. DOI: http://dx.doi.org/10.2807/1560-7917.ES.2015.20.43.

20


http://dx.doi.org/10.2807/1560-7917.ES.2015.20.43

474
475
476
477
478
479
480
481
482
483
484
485
486

487

35. Costa-Pinto JC, Willaby HW, Leask J, Hoq M, Schuster T, Ghazarian A, et al. Parental
Immunisation Needs and Attitudes Survey in paediatric hospital clinics and community maternal and
child health centres in Melbourne, Australia. Journal of Paediatrics and Child Health. 2017.

36. Whitley RJ, Hayden FG, Reisinger KS, Young N, Dutkowski R, Ipe D, et al. Oral oseltamivir
treatment of influenza in children. Pediatric Infectious Disease Journal. 2001;20(2):127-33.

37. 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.

38. Antibiotic Expert Group. Antibiotic, Version 15. Australian Therapeutic Guidelines 2014.

39. Blyth CC, Macartney KK, Kotsimbos T, Kelly PM, Cheng AC. Antiviral use in adults and children
with confirmed influenza: an observational study from the FIuCAN-PAEDS collaboration. Australasian
Society of Infectious Diseases Conference; Leura, NSW2017.

40. Li-Kim-Moy J, Yin JK, Blyth CC, Kesson A, Booy R, Cheng AC, et al. Influenza hospitalizations in
Australian children. Epidemiology and infection. 2017;145(7):1451-60.

21



488
489

490

Table 1: Demographic characteristics of hospitalised children with confirmed influenza and

influenza negative controls (Epidemiological cohort; April to October 2017, n = 1268)

Total
Influenza type Total .
. influenza
influenza i
negative
A/H1N1 A/H3N2 A/unsubtyped B positive cases &
controls
Number of children 76 85 675 432 1268 885
Age group
e 0-5 months 11 (14.5%) | 10 (11.8%) 94 (13.9%) 38 (8.8%) 153 (12.1%) | 252 (28.6%)
e 6-23 months 12 (15.8%) | 22 (25.9%) 155 (23.0%) 58 (13.4%) | 247 (19.5%) | 318 (35.9%)
e 2-4years 33 (43.4%) | 25 (29.4%) 178 (26.4%) 97 (22.5%) | 333 (26.3%) | 169 (19.2%)
e 5-16years 20 (26.3%) | 28 (32.9%) 248 (36.7%) | 239 (55.3%) | 535 (42.2%) | 143 (16.2%)
Male 43 (56.6%) | 48 (56.5%) 353 (52.3%) |221(51.2%) | 664 (52.3%) | 515 (58.2%)
Indigenous 5(6.6%) | 19(22.4%) 53 (7.9%) 28 (6.5%) 105 (8.3%) 58 (6.5%)
State

New South Wales

18 (23.7%)

30 (35.3%)

82 (12.1%)

120 (27.8%)

250 (19.7%)

250 (28.3%)

e Victoria 8 (10.5%) 0 80 (11.9%) | 62 (14.4%) | 150 (11.8%) | 93 (10.5%)
e Queensland 12 (15.8%) | 1 (1.2%) 268 (39.7%) | 89(20.6%) | 370(29.2%) | 179 (20.2%)
e Western Australia | 15(19.7%) | 25 (29.4%) 10 (1.5%) 15 (3.5%) 65 (5.1%) 66 (7.5%)
e South Australia 4 (5.3%) 0 (0%) 178 (26.4%) 72 (16.7%) | 254 (20.0%) 263 (29.7%)
e Tasmania 10(13.3%) | 9(10.4%) 3(0.44%) 17 (3.9%) 39 (3.1%) 0

e Northern Territory 6(7.9%) | 14 (16.5%) 7 (1.0%) 20 (4.6%) 47 (3.7%) 33 (3.7%)
e ACT* 3(4.0%) | 6(7.1%) 47 (7.0%) 37 (8.6%) 93 (7.3%) 1(0.1%)

* Australian Capital Territory
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Table 2: Risk factors, severity and outcomes in hospitalized children with confirmed influenza

(Epidemiological cohort; April to October 2017, n = 1268)

Not admitted Admitted Total
to ICU to ICU
Total 1084 184 1268
Age group
e 0-5months 118 (77.1%) 35 (22.9%) 153
e 6-23 months 217 (87.9%) 30 (12.1%) 247
e 2-4years 293 (88.0%) 40 (12.0%) 333
e 5-16years 456 (85.2%) 79 (14.8%) 535
Chronic medical comorbidities 459 (80.2%) 113 (19.8%) 572
e Prematurity 122 (81.3%) 28 (18.7%) 150
e Chronic respiratory disease 159 (76.1%) 50 (23.9%) 209
e Chronic cardiac disease 56 (69.1%) 25 (30.9%) 81
e Diabetes 13 (50%) 13 (50%) 26
e Chronic neurological disease 95 (73.1%) 35 (26.9%) 130
e Chronic renal disease 24 (85.7%) 4 (14.3%) 28
e Immunosuppressed 99 (88.4%) 13 (11.6%) 112
e Chronic liver disease 26 (81.2%) 6 (18.8% 32
e Genetic abnormality 56 (74.7%) 19 (25.3%) 75
e Inborn error of metabolism 16 (72.7%) 6 (27.3%) 22
e Chronic aspirin use 6 (75.0%) 2 (25.5%) 8
e Obesity (BMI > 30 or body weight >120kg) 7 (87.5%) 1(12.5%) 8
Influenza vaccination 125 (86.2%) 20 (13.8%) 145
Influenza subtype
e A/HIN1 67 (88.2%) 9(11.8%) 76
e A/H3N2 68 (80.0%) 17 (20.0%) 85
e A/unsubtyped 574 (85.0%) 101 (15.0%) 675
e B 375 (86.8%) 57 (13.2%) 432
Mortality 1(20%) 4 (80%) 5




Table 3: Factors associated with admission to intensive care identified using a multivariable model

(Epidemiological cohort; April to October 2017, n = 1268)

Unvaccinated in 2017

1 (referent)

1 (referent)

. Crude odds Adjusted odds ratio
Variable . P value P value
ratio (95% Cl) (95% ClI)
<6 months 1.71(1.10,2.68) | 0.018 1.97 (1.21, 3.20) 0.006
6-23 months 0.80(0.51, 1.25) 0.33 0.85 (0.51, 1.40) 0.52
Age
2-4 years 0.79 (0.52, 1.18) 0.25 0.86 (0.55. 1.35) 0.52
> 5 years 1 (referent) 1 (referent)
Medical Comorbidities present | 2.17(1.57,2.99) | <0.001 2.29(1.60, 3.26) |<0.001
comorbidities | comorbidities absent 1 (referent) 1 (referent)
Indigenous Indigenous 1.06 (0.61, 1.86) | 0.825 1.09 (0.60, 1.98) 0.76
Australian Non-Indigenous 1 (referent) 1 (referent)
Influenza A 1.18 (0.84, 1.65) | 0.339 1.15(0.79, 1.66) 0.48
Influenza type
Influenza B 1 (referent) 1 (referent)
Influenza Vaccinated in 2017 0.93(0.57,1.55) | 0.801 0.83 (0.49, 1.40) 0.49
vaccination
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Table 4: Characteristics of vaccinated and unvaccinated cases (n=937) and vaccinated and

unvaccinated controls (n=551; Vaccine effectiveness cohort: April to October 2017)

Influenza positive cases

Influenza negative controls

>120kg)

Vaccinated Unvaccinated Vaccinated Unvaccinated
Total 133 804 94 457
Age group
e 6-23 months 25 (18.8%) 186 (23.1%) 32 (34.0%) 241 (52.7%)
e 2-4vyears 43 (32.3%) 236 (29.4%) 31 (33.0%) 119 (26.0%)
e 5-16 years 65 (48.9%) 382 (47.5%) 31 (33.0%) 97 (21.2%)
Chronic medical comorbidities 95 (71.4%) 332 (41.3%) 72 (76.6%) 205 (44.9%)
e Prematurity 20 (15.0%) 82 (10.2%) 11 (11.8%) 69 (15.10%)
e Chronic respiratory disease 40 (30.1%) 126 (15.7%) 35 (37.2%) 86 (18.8%)
e Chronic cardiac disease 15 (11.7%) 35 (4.4%) 14 (14.9%) 29 (6.5%)
e Diabetes 3(2.3%) 16 (2.0%) 1(1.1%)) 2 (0.4%)
e Chronic neurological disease 31 (24.2%) 73 (9.2%) 20 (21.5%) 39 (8.7%)
e Chronic renal disease 9 (7.0%) 17 (2.1%) 4 (4.3%) 12 (2.7%)
e Immunosuppressed 30 (23.4%) 60 (7.6%) 21 (22.6%) 27 (6.1%)
e Chronic liver disease 12 (9.4%) 13 (1.6%) 5 (5.4%) 9 (2.0%)
e Genetic abnormality 17 (13.3%) 35 (4.4%) 8 (8.7%) 20 (4.5%)
e Inborn error of metabolism 2 (1.6%) 14 (1.77%) 2 (2.1%) 11 (2.5%)
e Chronic aspirin use 0 3(0.4%) 5(5.4%) 4 (0.9%)
e Obesity (BMI > 30 or body weight 2 (1.6%) 4 (0.5%) 1(1.1%) 4 (0.9%)
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Table 5: Estimated vaccine effectiveness against hospitalisation with influenzain children >6 months

(Vaccine effectiveness cohort; April to October 2017)

Number of cases and controls . )
Strains : : _ : Unadjusted VE | Adjusted VE*
Vaccinated |Unvaccinated| Vaccinated |Unvaccinated (95% Cl) (95% Cl)
cases cases controls controls
Overall
All 19.6% 30.3%
X 133 804 94 457
strainst (-7.3%; 39.7%) (2.6%; 50.2%)
19.0% 28.7%
A 87 522 94 457
(-11.3%; 41.0%) | (-3.0%; 50.6%)
20.7% 32.3%
B 46 282 94 457
(-16.3%; 45.9%) | (-11.2; 58.8%)
In children with comorbidities
All 12.2% 23.3%
. 105 343 75 215
strainst (-23.5%:37.7%) (-12.7%; 47.8%)

* adjusted by age group, medical risk factors and indigenous status

t Inclusive of patients with untyped influenza A infection, HIN1, H3N2 and influenza B.
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Figure 1: Flowchart of children included in epidemiological and VE cohorts (April to October 2017)

. . . Influenza positive Influenza negative
Epidemiological cohort (n = 1268) (n = 885)
Excluded (n =331) Excluded (n =334)
* Age <6 mo (n=153) * Age<6mo(n=252)
¢ Missing vaccination * Missing vaccination
status (n = 154) status (n = 67)
* Nosocomial * Nosocomial infection
infection (n = 42) (n=23)
A
VE analysis cohort Influenza positive Influenza negative
(n=937) (n=551)
N
133/937 (14.2%) 94/551 (17.1%)
vaccinated vaccinated
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Figure 2a: Influenza vaccine coverage by case-status and state (excluding children <6 months)
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Figure 2b: Influenza vaccine coverage by comorbidities and state in test negative controls
(excluding children <6 months)
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Figure 2c: Influenza vaccine coverage by comorbidities and age group in test negative controls

(excluding children <6 months)

50%
45%
40%
35%
30%

25%
20%
15%
10%
- Hm L
0%

6-23 months 24-59 months 5 years and older

B With Comorbidities B Without comorbidities

30



Supplemental figure 1: Date of admission in children hospitalized with confirmed influenza

(epidemiological cohort; April to October 2017, n = 1268)
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