
BACKGROUND
Understanding the attack rate of influenza infection and the proportion 
that become ill by risk group is key to implement cost-effective prevention 
measures. While population-based studies of anti-haemagglutinin antibody 
responses have been described previously, studies examining both  
anti-haemagglutinin and anti-neuraminidase antibodies are lacking.   
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Figure 1. Flow diagram of HAI and NAI serology as well as PCR results among the unvaccinated cohort

Influenza infection and influenza-confirmed ILI attack rates (Figure 1): 
z  Of the 911 unvaccinated participants, 321 (35%) seroconverted to either HAI 

(haemagglutination-inhibition) or NAI (neuraminidase-inhibition) antibody. 
z  Of those serologically defined infections, an estimated 24% [76 (adjusted for non-reporting 

and non-swabbing)/321) would have experienced influenza-confirmed ILI (PCR positive)
z  Of the influenza-confirmed ILI, an estimated 20% (15 (adjusted for non-reporting and non-

swabbing)/76) would have sought medical care.
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Figure 2. Temporal distribution of influenza-like illness (ILI) and influenza-confirmed ILI and no-ILI 
among the cohort during 27 April to 27 September 2015. 
Influenza activity in NZ in 2015 was at the moderate level. Two distinct circulation patterns: 
A(H3N2) predominated during weeks 26-33 and influenza B (mainly B/Victoria predominated 
during weeks 34-39.

Figure 3:  Age distribution among serologically defined influenza infections. 
The highest attack rates of influenza infection were in children aged <5 years and 
Pacific peoples.

Panel A – Risk of influenza infections by age groups

Panel B – Risk of influenza infections by ethnic groups

Figure 4 Proportions and differences of HAI and NAI seroconversion by age groups and viruses. 
Seroconversion to NAI alone was significantly higher among children aged <5 years vs those 
aged ≥5 years (14% vs 4%; p<0.001) and among those with influenza B virus vs A(H3N2) virus 
infections (7% vs 0.3%; p<0.001).

Panel B – A(H3N2) 

Panel C – influenza B

Panel A – all influenza

METHODS 
SHIVERS (Southern Hemisphere Influenza and Vaccine Effectiveness Research and 
Surveillance) sero-epidemiologic cohort study:
z  Selected individuals (stratified by age and ethnicity) randomly from the patient population 

of representative general practices in Auckland, New Zealand in 2015. 
z  Tested paired sera of each participant for antibodies to haemagglutinin or neuraminidase 

using inhibition assays for 4 antigens (AH1, AH3, B/Yam, or B/Vic).  
z  Weekly follow-up (May-September) for all participants and collection of respiratory 

specimens from those reporting influenza-like illness (ILI) and testing these specimens for 
influenza by PCR. 

z  Rates of ILI and influenza-confirmed ILI were adjusted for non-reporting and non-swabbing.  

CONCLUSIONS
z  One of the largest and most comprehensive sero-epidemiologic cohort studies for all 

ages.
z  The first report to quantify attack rates of seasonal influenza infections by measuring  

seroconversion against both haemagglutinin and neuraminidase antigens and 31% 
infections identified through seroconversion with anti-neuraminidase antibodies alone.

z  Children and Pacific peoples had the highest rates of influenza infection and influenza-
confirmed ILI.

z  Our study highlighted the importance of measuring serologically defined infections 
against not just haemagglutinin but also neuraminidase antigens to understand the true 
epidemiology and immunology of influenza and guiding countermeasure strategies.
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Putting it all together: Building an influenza burden pyramid from the Southern Hemisphere 
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CONCLUSIONS 
z	One of the largest and most comprehensive studies to measure the 

severity levels of influenza disease in a single population at the same 
time. 

z	Demonstrated high proportions of asymptomatic or mild influenza 
infection, which could contribute to silent transmission.  

z	Children had the highest influenza infection rates.
z	Case severe influenza ratios were high in young children (ICU 

admissions) or elderly (hospitalisation and death). 
z	Such studies provide epidemiologic parameters necessary for 

modelling  influenza impact and guiding countermeasure strategies.
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RESULTS
2015 influenza activity in NZ at the moderate level.
z Nearly equal representation of influenza A and B. 
z 3 circulating viruses: H3N2 (dominant), B Yamagata 

(mid-late) and B Victoria (late).
Influenza infections in cohort – 19% (Figure 1): 
z Of those infected, 68% asymptomatic infection. 
z Of those infected, most (81%) did not visit a GP.
Full disease pyramid (Figure 2): 
z Nearly 1 in 5 people infected with influenza. 
z Of those infected people, only ~4% sought medical care.
Age distribution among influenza infections (Figure 3): 
z Risk of influenza infections tended to decrease with 

increasing age.
Age distributions among mild, moderate and severe 
influenza (Figure 4): 
z Progression to severe influenza: Once infected, 

elderly (≥65 years) and children <5 years progress to 
hospitalisations, ICU and deaths more than other age 
groups. 

z Progression to mild and moderate influenza: All age 
groups progress similarly to mild (no GP visit) or 
moderate disease (GP visit) once infected. 

Figure 1: Influenza infections* in cohort, 2015
* Standardised to Auckland population (2013 census) on age 
and ethnicity.

1,000,000 people over one season (2015) 

Figure 2: Burden of influenza infection and disease*

Figure 4: Influenza severity distribution by age

Figure 3: Age distribution among influenza infections
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BACKGROUND 
To guide strategy for influenza control:
z	Need complete epidemiologic profile of influenza 
SHIVERS (Auckland, New Zealand):
z	Sero-survey cohort: Selected patients of 16  

General Practices (GP)
z	Facility-based surveillance: Hospital-based  

(4 centres) and GP-based (16 GPs)

METHODS
Patient/Participant Recruitment:
z	Cohort (April - September 2015)
 – Stratified (age/ethnicity) random sample with  

  over-sampling of child and Māori/Pacific
 – Weekly symptom follow-up (email, text, phone)
 – Nurse collected nasopharyngeal swab if ILI
 – Pre/post-season interview and blood draw
z	Facility-based: patients who met severe acute 

respiratory illness (SARI) and influenza-like illness 
(ILI) - onset of cough & fever in previous 10 days

Laboratory Confirmation: RT-PCR and/or 
hemagglutinin  antibody (HA) for influenza  
Analysis: Age- & ethnicity-adjusted influenza 
incidence for:
z	Influenza infection rate:
 – In 884 unvaccinated cohort members
 – Infection: PCR positive or 4-fold HA titer increase  

  [H1, H3, B/Yam., or B/Vic]) 
 – Symptomatic infection: PCR positive for  

  symptomatic sero-converters
z	Mild influenza rate (PCR positive):
 – In 1510 cohort members 
 – ILI symptoms reported but no care seeking
z	Moderate influenza rate (PCR positive):
 – In patients visited GP 
z	Severe influenza rate (PCR positive):
 – Death, ICU admission, hospitalisation

811,907 Uninfected

 188,093 Flu infected

6,207 GP visits

382 Hospitalisations

14 in ICU

5 
Deaths

In the 19% of population 
infected with flu:
– 68% had asymptomatic infections
– 32% were symptomatic

Of those with symptoms:
– 81% did not seek care
– 19% sought care at GP
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