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Original article

Right sizing for vaccine effectiveness studies: 
how many is enough for reliable estimation?
Olivia H Price, Kylie S Carville and Sheena G Sullivan

Abstract

Background

The precision of vaccine effectiveness (VE) estimates is dependent on sample size and sampling 
methods. In Victoria, participating general practitioners (GPs) are not limited by the number of 
influenza-like illness (ILI) patients they collect respiratory samples (swabs) from in sentinel surveil-
lance. However, in the context of scarce resources it is of interest to determine the minimum sample 
size needed for reliable estimates.

Methods

 Following the test-negative design, patients with ILI were recruited by GPs and tested for influenza. 
Descriptive analyses were conducted to assess possible selection bias introduced by GPs. VE was cal-
culated by logistic regression as [1 – odds ratio] x 100% and adjusted for week of presentation and age. 
Random 20% and 50% samples were selected without replacement to estimate the effect of swab rates 
on VE estimates.

Results

GPs swabbed a smaller proportion of patients aged ≥65 years (45.9%, n=238) than those <5 (75.6%, 
n=288), 5–17 (67.9%, n=547) and 18–64 (75.6%, n=2662) years. Decreasing the swab rate did not alter 
VE point estimates significantly. However, it reduced the precision of estimates and in some instances 
resulted in too small a sample size to estimate VE.

Conclusion

Imposing a 20% or 50% swabbing rate produces less robust VE estimates. The number of swabs 
required per year to produce precise estimates should be dictated by seasonal severity, rather than an 
arbitrary rate. It would be beneficial for GPs to swab patients systematically by age group to ensure 
there are sufficient data to investigate VE against a particular subtype in a given age group.

Key words: influenza, sentinel surveillance, vaccine effectiveness, random sampling
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Introduction

Influenza is a vaccine-preventable illness that 
causes seasonal outbreaks associated with 
significant disease burden and increased utilisa-
tion of healthcare services. It is estimated that 
an average of 85 deaths and 4,800 hospitalisa-
tions are attributable to influenza in Australia 
each year.1 This is widely recognised to be an 
underestimation, as symptoms of influenza are 
not disease-specific and infection is often not 
laboratory-confirmed.2 Vaccination remains 
the cornerstone of public health intervention 
against influenza.

Antigenic variation of circulating influenza 
viruses results in differing severity and dura-
tion of influenza seasons and dictates the need 
for annual updates of the vaccine formulation.3 
Each year, prior to the flu season, the World 
Health Organization collaborating centres 
select the four strains believed to be most likely 
to circulate. Given the time-constrained nature 
of seasonal vaccine production, there is not 
adequate time to undertake large-scale clinical 
trials to measure vaccine efficacy. Therefore, to 
monitor the success of vaccination programs, 
influenza vaccine effectiveness (VE) is estimated 
annually.4,5 The measured effectiveness of a vac-
cine reflects a number of factors: the vaccinated 
individual’s characteristics, including their age 
and health, the match between the influenza 
strains included in the vaccine, and the predom-
inant circulating influenza type and subtype.6 
The precision of these estimates is dependent on 
total sample size and the distribution of patient 
characteristics within levels of vaccination and 
influenza status, while the accuracy is depend-
ent on the method by which the patients in the 
study are sampled (for example, oversampling 
unvaccinated patients may introduce bias into 
the VE estimate derived).

In Victoria, influenza surveillance is conducted 
by the Victorian Sentinel Practice Influenza 
Network (VicSPIN), wherein participating gen-
eral practitioners (GPs) recruit patients present-
ing with an influenza-like illness (ILI), defined 
as a symptom complex of fever or history of 
fever, cough and fatigue.7 Annual VE estimates 

have been generated in Victoria since 2009,8 and 
have been used to analyse VE across age groups 
and to measure the type- and subtype-specific 
protection afforded by the vaccine.9,10 VicSPIN 
GPs are encouraged to collect respiratory tract 
samples (swabs) from all ILI patients for influ-
enza testing. Some systems follow a regimen of 
collecting swabs from a selected percentage of 
patients, e.g. 20% or 50%.11 In the Australian 
Sentinel Practices Research Network (ASPREN), 
for example, with which VicSPIN data are 
pooled for Australia-wide estimates, only 
20–40% of patients are swabbed.12 This presents 
a competing demand for the data generated by 
VicSPIN: data need to be sufficient to inform 
policy makers in Victoria, while also following a 
similar sampling scheme to enable pooling with 
the ASPREN data.

We aimed to assess how certain GP swabbing 
practices may influence the precision of VE esti-
mates. First, we searched for evidence of selection 
bias in how VicSPIN GPs choose to swab patients 
with ILI. Then, we investigated the impact of 
different swabbing rates on the influenza VE 
estimates, by comparing estimates gained from 
a 20% and 50% sample of ILI patients. These two 
factors directly impact how robust seasonal VE 
estimates are and understanding them better 
will provide an insight into optimal practice to 
produce precise seasonal VE estimates.

Methods

Study design

Recruitment of participants followed the test-
negative design, which is an extension of the 
traditional case-control study design.4 This 
method for data collection to estimate influenza 
VE is well established, both in Australia and 
internationally.9,13 In brief, patients presenting 
to participating VicSPIN GPs with ILI were 
prospectively sampled and tested for influenza. 
Those who tested positive were designated cases, 
and those who tested negative were controls.
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Sentinel surveillance

During the influenza season (weeks 18–46), 
VicSPIN GPs provided weekly reports of the 
number of consultations per week and the 
number of patients presenting with ILI per 
week. Demographic data, vaccination status 
and date of vaccination were recorded for ILI 
patients and GPs were requested to collect nose/
throat swabs from as many patients as they felt 
appropriate. The samples were then forwarded 
to the Victorian Infectious Diseases Reference 
Laboratory (VIDRL) and influenza virus infec-
tion was confirmed by an in-house reverse 
transcription polymerase chain reaction assay, 
which has previously been demonstrated to have 
90% sensitivity and 100% specificity.14 For this 
study, data collected by 149 total sentinel GPs 
from 2010 to 2016 were used; an average of 74 
GPs participated each year.

Descriptive analyses

Vaccination status, age and sex were compared 
by case status using Pearson’s chi-squared test. 
To assess the possible introduction of selection 
bias by VicSPIN GPs, descriptive analyses were 
conducted. Specifically, the distribution of vac-
cination status, age and sex among those who 
were and were not swabbed was ascertained 
and tested for independence using Pearson’s 
chi-squared test. All descriptive analyses were 
conducted using Stata (version 14.2, StataCorp, 
College Station, Texas).

Estimating influenza vaccine 
effectiveness

Influenza VE was calculated as [1 – odds ratio] 
x 100%, where the odds ratio is the odds of vac-
cination in cases divided by the odds of vaccina-
tion in controls. It was estimated using logistic 
regression, and adjusted for calendar week of 
specimen collection (cubic spline with four 
knots) and age group (stratified into groups <5, 
5–17, 18–64 and ≥65 years). Ninety-five percent 
confidence intervals were generated as profile 
limits. VE estimates were calculated separately 
for influenza types A and B and a pooled esti-
mate was also derived.

Patients were excluded from the primary VE 
analysis if vaccination status was unknown, if 
the date of symptom onset was unknown, or 
if there was an interval of greater than seven 
days between symptom onset and specimen 
collection. As per previous studies, patients 
were considered vaccinated only if the vaccine 
was administered more than 14 days prior to 
symptom onset to allow for seroconversion.6,15 
Analyses were conducted using R (version 3.4.1).

Sampling

Sampling analyses were undertaken in R (ver-
sion 3.4.1). For each influenza season, random 
20% and 50% samples of patients were selected 
without replacement, meaning each patient 
could only be sampled once. The values for the 
samples were calculated as proportions of the 
total number of ILI reported each season. The 
average of 1000 iterations of the general linear 
model, which was adjusted for age and calendar 
week (as above), was taken.

Ethics

The Victorian Public Health and Wellbeing Act 
2008 provide the legislative authority to collect, 
analyse and report VicSPIN data.

Results

Participant data

During influenza seasons across 2010–2016, 188 
GPs recorded 1,205,296 consultations, of which 
5,229 were for a patient presenting with ILI, at a 
rate of 434 ILI patients per 100,000 consultations. 
Nose/throat swabs were collected from 3,735 of 
these patients (71.4%). The seasonal swabbing 
rates over 2010–2016 ranged from 62.9% (2012) 
to 80.3% (2014). Records were excluded by ILI 
onset and vaccination status (n=575), resulting 
in 3,160 eligible records for inclusion in the VE 
analysis (Figure 1). Participants with missing 
vaccination data did not differ by influenza 
status: 2.5%, 3.3% and 3.3% of influenza A, 
influenza B and influenza negative patients 
were missing vaccination status, respectively. 
Participants missing symptom onset date did 
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not differ by influenza status (7.8%, 11.0% and 
11.4% of influenza A, B and negative patients, 
respectively) or vaccination status (8.9% and 
8.0% of vaccinated and unvaccinated patients, 
respectively). The proportion of participants 
with missing vaccination status remained stable 
over the study period, however the proportion 
missing symptom onset date increased relatively 
steadily from 6.7% in 2010 to 13.2% in 2016. 
There were 1,106 (35.0%) swabs that tested posi-
tive for influenza and were designated as cases, 
and 2,054 that tested negative (65.0%) and were 
designated as controls. Cases were detected in 
every week of each season, with seasonal peaks 
occurring between weeks 33 and 36.

Cases and controls differed in vaccination status 
(p<0.001). Overall, 27.8% (n=570) of controls and 
17.7% (n=196) of cases were vaccinated (Table 1). 
Cases and controls were comparable in terms 
of the sex distribution (p=0.104), but cases were 
younger than controls with median ages of 32 
(range: 0–86, IQR: 14–45) and 35 years (range: 
0–100, IQR: 22–49), respectively. However, when 
stratified by season, median age only differed by 
case status in three seasons (2010, 2011 and 2014, 
data not shown). The proportion of participants 
vaccinated increased with age group: 5.6% in 
those aged under 5 years, 6.3% in 5–17 years, 

25.7% in 18–64 years and 75.6% in 65 years and 
older. The proportion of participants vaccinated 
did not differ by gender (p=0.150). Of the cases, 
76.2% (n=844) had an influenza type A infec-
tion and 23.8% (n=263) had an influenza type 
B infection. 22.7% of participants infected with 
A(H3N2) were vaccinated compared to 13.5% 
and 15.2% of participants with A(H1N1) and B, 
respectively.

VicSPIN GP swabbing practices

VicSPIN GP swabbing rates did not differ by 
vaccination status (p=0.976): 69.9% (n=2718) of 
vaccinated ILI presentations and 69.8% (n=901) 
of unvaccinated ILI presentations were swabbed 
(Table 2). Swabbing rates did differ by age group. 
GPs swabbed 75.6% (n=288) of those aged less 
than five years, 67.9% (n=547) of 5–17 years, 
75.6% of 18–64 years (n=2662) and 45.9% (n=238) 
of those aged 65 years and older (p<0.001).

The effect of swabbing rate on VE 
estimates

The overall VE for each season ranged from 
16.2% to 74.7% (Figure 2). VE for type A ranged 
from 7.6% to 74.2% and VE for type B ranged 
from 46.3% to 79.6%. Three seasons (2010, 2014, 

Figure 1 Participant inclusion and exclusion criteria
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and 2016) had sample sizes too small to derive 
a VE estimate for influenza type B. Apart from 
2012, the seasons for which VE for influenza 
type B could be calculated all produced wide 
confidence intervals that crossed the null value.

The effect of reducing the swab rate to 20% on 
sample size for statistical analysis is displayed in 
Figures 2 and 3. Decreasing the swab rate from 
the seasonal proportion (mean: 72%) to 50% and 
20% did not alter the point VE estimate signifi-
cantly within any type or year. However, reduc-
ing the swab rate widened the 95% confidence 
intervals, often to the point where they crossed 
the null value. On six occasions, swabbing at 
lower rates resulted in too small a sample size to 
calculate a VE estimate that had been calculated 
using the actual seasonal proportion data (2011 
type A, 2011 type B, 2012 type B, 2013 pooled 
estimate, 2013 type A, 2013 type B).

Discussion

Currently, VicSPIN GPs are requested to swab as 
many ILI patients as possible during the influ-
enza season. As there is no systematic method 
for this, the patients selected for swabbing and 
the frequencies at which they are swabbed are 

not necessarily consistent among GPs. This has 
the propensity to introduce selection bias16 and 
affect rigour of analysis. Factors which may 
influence the selection of participants include 
the patient’s vaccination status,17 actual or per-
ceived seasonal influenza incidence18 and the 
GP’s individual preferences.16

In Victoria during 2010–2016, there was no dif-
ference in swabbing rates between vaccinated 
and unvaccinated patients. However, there was a 
difference in swabbing rates among age groups. 
Patients aged 65 years and older were swabbed 
at a rate of 45.9%, while those aged younger than 
65 years were swabbed at a rate of 67.9–75.6%. 
This underrepresentation of older patients has 
been acknowledged in the literature.19 While this 
study controlled for differences in age by using 
adjusted logistic regression, many studies in the 
literature stratify VE estimates by age8,9,20,21 or 
investigate VE for a particular age group,13,22 as 
this may have a bearing on future publicly funded 
vaccination strategies. Using data from 2012, the 
season with the highest prevalence of influenza 
during this study period, VE estimates stratified 
by age group and virus type could be produced. 
However, when reduced to a 20% sample, this 
was no longer possible (data not shown).

Table 2 Characteristics of ILI patients from which samples were taken (n=3735) as a proportion of 
all ILI patients (n=5229)

Characteristic All ILI Sampled (%)

Total 5229 3735 (71.4)

Sex

 Female 2703 1853 (68.6)

 Male 2521 1826 (72.4)

Age group

 <5 years 381 288 (75.6)

 5-17 years 806 547 (67.9)

 18-64 years 3523 2662 (75.6)

 ≥65 years 519 238 (45.9)

Vaccinated

 No 3865 2718 (69.9)

 Yes 1285 901 (69.8)
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Figure 2 Adjusted VE estimates for 2010-2016 for the actual proportion swabbed that season, a 
50% sample and a 20% sample. The estimates are stratified by influenza type. VE estimates that 
were not possible due to small sample size are marked with an asterisk (*). All estimates were 
adjusted for age group (<5, 5-17, 18-64, ≥65 years) and calendar time (cubic spline function with 
4 knots).
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Therefore, it may be useful to introduce a 
strategy wherein sentinel GPs systematically 
swab a higher proportion of ILI patients aged 
over 65 years so there are more data available 
to estimate VE in the elderly, who represent a 
high-risk group for influenza infection and are 
associated with poorer disease outcomes23,24 and 
lower VE.25 It would be reasonable to expect the 
elderly to be disproportionately represented in 
the ILI surveillance system. However, this age 
group, which makes up 16% of Victoria’s total 
population,26 represented only 10% of total ILIs 
recorded by VicSPIN in 2010–2016. The bulk of 
patients in the surveillance system are working 
age adults who are more likely to require medi-
cal certificates (67%, compared to 60% of the 
Victorian population)26. Moreover, the elderly, 
who are associated with poorer health outcomes, 
may be more likely to attend hospital. Indeed, 
the Influenza Complications Alert Network, 
which is an Australia-wide sentinel hospital-
based surveillance system, reported that indi-
viduals aged 65 years and older represented 
almost half of those admitted to hospital with 
confirmed influenza infection.27,28 Therefore, 
the effect of the low swabbing rate of the elderly 
on VE estimates was exacerbated by the small 
number of this age group presenting with an ILI 
to sentinel GPs.

While decreasing the swabbing rates did not 
alter the VE point estimates significantly, the 
sample size of VE analyses is directly reflected in 
the precision of the derived estimates. The wider 
confidence intervals observed in this study for 
smaller samples are consistent with other obser-
vations in the literature.29 Additionally, for some 
years and influenza types, reducing the swab-
bing rate made it impossible to calculate the VE, 
further emphasising the need for larger samples 
for VE analysis. It should be noted that the sam-
ple sizes for 50% and 20% swabbing rate estima-
tions were taken as a proportion of total ILI for 
that season, and assumed no exclusions due to 
vaccination or influenza status, whereas the VE 
estimates for actual seasonal data were affected 
by these exclusions. Approximately 15% (n=575) 
of specimens were excluded from this analysis, 
which would further increase the confidence 
interval width as the sample size decreased.

Ideally, the sample size for VE calculations 
should be large enough that estimates can be 
derived by age-group and influenza subtype or 
a combination of the two, e.g. the protection 
afforded against H3N2 in the elderly. This is of 
particular importance given the considerable 
disparities in VE against influenza in differing 
age-groups and influenza sub-types.9 Moreover, 
with the smaller number of influenza B cases 
each season, a greater number of swabs are 
required to determine VE against influenza B. 
Improving the study power by increasing the 
sample size may also ultimately allow stratifica-
tion on other variables such as vaccine brand,10 
although this would require a more detailed 
questionnaire, which may be a burden on time-
constrained sentinel GPs.

The sample size required to meet these desired 
outcomes depends on two seasonal factors: the 
incidence of circulating influenza and the pro-
portion of the source population that is vacci-
nated. There is variability in the number of ILIs 
reported each year as a direct result of severity 
and timing of the epidemic. Thus, assigning an 
optimal proportion of ILI cases to be swabbed 
each season is not necessarily an effective tech-
nique in enhancing VE analyses and negatively 
impacts VE estimates in a milder season. This is 
distinctly apparent when comparing data from 
the 2012 and 2013 influenza seasons in Victoria. 
In the period 2010–2016, 2012 produced the larg-
est number of swab samples (n=708), while 2013 
produced the smallest (n=359). However, the 
swabbing rate in 2012 was only 62.9% compared 
to 69.4% in 2013, suggestive of a more severe 
influenza season in 2012. Thus, the number of 
swab samples per year analysed by VicSPIN to 
produce robust VE estimates should be dictated 
by the size and severity of the epidemic, rather 
than an arbitrary systematic rate. Extending the 
VicSPIN surveillance program by increasing 
the number of participating GPs should also be 
considered, though this would be contingent on 
availability of resources.

While the test-negative design is the favoured 
method for estimating VE, there remain intrin-
sic biases that are characteristic of observational 
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Figure 3 Comparison of the sample size generated from actual swab numbers by sentinel GPs and 
the sample size generated using a theoretical 20% swabbing rate, using data from 2012.
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studies. A limitation of this study is that it 
did not control for the confounding effect of 
certain comorbidities, which can increase an 
individual’s propensity for influenza infection 
and their access to free vaccination via public 
health campaigns.19,20,30,31 However, a previous 
Victorian study found that while comorbidity 
should theoretically be included in a logistic 
regression model as a covariate, it was not sig-
nificant in practice and did not improve model 
fit.32 This was attributed to the nature of VicSPIN 
comorbidity data collection, which is recorded 
as only yes/no for comorbidities targeted by the 
Australian vaccination program and thus can-
not be separated into immunocompromising 
and non-immunocompromising conditions. 
Furthermore, the model used in this study 
did not adjust for prior exposure to influenza 
by either previous vaccination or infection. 
Therefore, cross-protection and immunity were 
not accounted for during statistical analysis 
which may have resulted in unmeasurable 
residual confounding.33 While data on previous 
influenza infection status is impractical, or more 
likely impossible, to obtain, given the increasing 
evidence to suggest previous influenza vaccina-
tion affects current season VE34 it may be benefi-
cial for sentinel GPs to collect prior vaccination 
status in future seasons. Thus, prior exposure 
to influenza results in unmeasurable residual 
confounding.33

 We conclude that imposing a swab rate on 
influenza surveillance GPs reduces the precision 
of VE estimates. In many cases, the increased 
uncertainty rendered the estimate ambiguous, 
particularly where confidence intervals were 
unhelpfully wide. The descriptive analyses of 
methods used by VicSPIN GPs to swab patients 
presenting with ILI stress the importance of 
systematically sampling the same proportion 
of patients in each age group, and perhaps 
the need to oversample the elderly given their 
underrepresentation in the surveillance system. 
These findings should be communicated to GPs 
to refine their swabbing practices, so as to cir-
cumvent discrepancies in age groups in future 
seasons, especially given that influenza infection 
in the elderly is associated with lower VE and 
poorer health outcomes.
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