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Testing behaviour may bias observational studies of vaccine
effectiveness
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BACKGROUND: Recent observational studies suggest that vaccines may have little effect in preventing infection with the Omicron
variant of severe acute respiratory syndrome coronavirus 2. However, the observed effects may be confounded by patient factors,
preventive behaviours, or differences in testing behaviour. To assess potential confounding, we examined differences in testing
behaviour between unvaccinated and vaccinated populations. METHODS: We recruited 1,526 Australian adults for an online ran-
domized study about coronavirus disease 2019 (COVID-19) testing in late 2021, collecting self-reported vaccination status and three
measures of COVID-19 testing behaviour: testing in past month or ever and test intention if they woke with a sore throat. We examined
the association between testing intentions and vaccination status in the trial’s baseline data. RESULTS: Of the 1,526 participants
(mean age 31Yy), 22% had a COVID-19 test in the past month and 61% ever; 17% were unvaccinated, 11% were partially vaccinated
(one dose), and 71% were fully vaccinated (two or more doses). Fully vaccinated participants were twice as likely as those who were
unvaccinated (relative risk [RR] 2.2, 95% Cl 1.8 to 2.8, p < 0.001) to report positive COVID testing intentions. Partially vaccinated par-
ticipants had less positive intentions than fully vaccinated participants (RR 0.68, 95% Cl 0.52 to 0.89, p < 0.001) but higher intentions
than unvaccinated participants (RR 1.5, 95% Cl 1.4 to 1.6, p = 0.002). DISCUSSION: Vaccination predicted greater COVID-19 testing
intentions and would substantially bias observed vaccine effectiveness. To account for differential testing behaviours, test-negative
designs are currently the preferred option, but their assumptions need more thorough examination.
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HISTORIQUE : Selon de récentes études observationnelles, les vaccins peuvent avoir peu d'effet sur la prévention de l'infection par
le variant Omicron du coronavirus 2 du syndrome respiratoire aigu sévere. Cependant, les effets observés peuvent étre biaisés par
des facteurs liés aux patients, des comportements préventifs ou des différences de comportements liés aux tests. Pour évaluer les
facteurs confusionnels potentiels, les auteurs ont examiné les différences de comportements liés aux tests entre les populations
non vaccinées et vaccinées. METHODOLOGIE : Les auteurs ont recruté 1 526 adultes australiens en vue d’une étude randomisée
en ligne sur les tests de la maladie a coronavirus 2019 (COVID-19) a la fin de 2021, afin de colliger I'état vaccinal autodéclaré et trois
mesures sur les comportements liés aux tests de la COVID-19 : test au cours du mois précédent ou jamais auparavant et intention
de se soumettre a un test en cas de mal de gorge. lls ont examiné I'association entre les intentions de se soumettre a un test et I'état
vaccinal dans les données de référence de I'étude. RESULTATS : Sur les 1 526 participants (d'un age moyen de 31 ans), 22 % avaient
subi un test de COVID-19 au cours du mois précédent et 61 % n'en avaient jamais subi; 17 % n'étaient pas vaccinés, 11 % l'étaient
partiellement (une dose) et 71 % I'’étaient pleinement (au moins deux doses). Les participants pleinement vaccinés étaient deux fois
plus susceptibles que ceux qui ne I'étaient pas (risque relatif [RR] 2,2, 1Ca 95 % 1,8 a 2,8, p < 0,001) de déclarer des intentions de se
faire tester contre la COVID-19. Les participants partiellement vaccinés avaient des intentions moins positives que les participants
pleinement vaccinés (RR 0,68, 1Ca 95 % 0,52 a 0,89, p < 0,001), mais plus élevées que ceux qui ne I'étaient pas du tout (RR 1,5, 1Ca 95 %
1,4a1,6,p=0,002). DISCUSSION : La vaccination était prédictive de plus grandes intentions de subir un test de COVID-19 et établissait
un biais important a I'égard de l'efficacité réelle des vaccins. Pour tenir compte des comportements différentiels vis-a-vis des tests,
les méthodologies de tests négatifs constituent actuellement la solution privilégiée, mais cette hypothése doit étre approfondie.
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INTRODUCTION

Recent observational studies have suggested that vaccines for
the Omicron variant of severe acute respiratory syndrome
coronavirus 2 (SARS-Cov-2) may have little or no effect in
preventing infection while being effective in preventing hos-
pitalization. For example, a Danish study found low vaccine
efficacy against Omicron infections: 55% for the BNT162b2
vaccine and 37% for the mRNA-1273 vaccine (1). However,
for longer follow-up (after 90 d), the effectiveness observed
was negative (<0), triggering reports that vaccines might
paradoxically increase Omicron infections, which was picked
up by multiple blogs and subsequently fact-checked by AP
News (2). However, differences in testing behaviour may bias
such observational studies of vaccine effectiveness.

As for all observational studies of vaccines, the observed
effects may be confounded by other patient factors and
preventive behaviours such as social distancing and mask
wearing (3). However, vaccine-related differences in coro-
navirus disease 2019 (COVID-19) testing behaviour may
also cause differences in case detection (although this is less
likely to affect hospitalizations). For example, if unvaccinated
people were half as likely as vaccinated people to get tested
for respiratory symptoms, they would also be half as likely to
be detected as coronavirus disease 2019 (COVID-19) cases.
This differential testing would artefactually dilute estimates
of vaccine effectiveness (or could even create a spurious
negative effect from vaccines, as seen in the Danish study).
The test-negative design—which stratifies for health seek-
ing behaviour by patients who test negative as controls—is a
common method to reduce the bias from health-care-seeking
behaviour differences between vaccinated and unvaccinated
people, but it relies on assumptions about severity and test
accuracy (4,5). To assess the degree of confounding potentially
caused by any differential testing behaviour, we aimed to as-
sess any differences in past and intended testing behaviour
between unvaccinated and vaccinated populations.

METHODS

We included all participants from a nationally representative
sample (by age, education, and gender) of 1,526 Australian
adults (430 men, 1,064 women, 32 non-binary or not re-
ported) who were recruited for an online randomized study
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about COVID-19 testing between October and November
2021 (www.anzctr.org.au/Trial/Registration/TrialReview.
aspx?id=382318) using methods we have detailed previ-
ously (6,7). We collected self-reported vaccination status
(unvaccinated, one dose, or two doses) and three measures
of COVID-19 testing behaviour: self-reported testing in past
month or ever and intention to test if they woke with a sore
throat. Self-reports of influenza vaccination have demon-
strated more than 93% agreement against an immunization
registry data (8). We considered people who had received two
vaccine doses at the time of assessment as fully vaccinated
because at this time point in Australia, third-dose boosters
were only available for high-risk workers (eg, health care
workers). We examined the association between testing
intentions and vaccination status across the sample with
Pearson y” tests and non-parametric linear-by-linear tests
for trend. Analyses were conducted using Stata/BE version
17.0 (StataCorp, College Station, Texas).

RESULTS

The 1,526 participants (mean age 31 y) were from all Aus-
tralian states; 22% had a COVID-19 test in the past month
and 61% ever; 17% were unvaccinated, 11% were partially
vaccinated (one dose), and 71% were fully vaccinated (two
or more doses). Fully vaccinated participants were twice as
likely as those who were unvaccinated (relative risk [RR] 2.2,
95% CI 1.8 to 2.8, p < 0.001) to report positive COVID-19
testing intentions (Table 1). Partially vaccinated participants
had less positive intentions than fully vaccinated participants
(RR0.68,95% CI 0.52 to 0.89, p < 0.001) but higher intentions
than those who were unvaccinated (RR 1.5,95% CI 1.4 to 1.6,
p = 0.002). Fully vaccinated participants were also twice as
likely (RR 2.1, 95% CI 1.5 to 3.0) to report being tested in the
past month than those who were unvaccinated (p < 0.001).

DISCUSSION

For all three measures (intention, self-reported testing in past
month or ever), vaccination predicted greater COVID-19
testing intentions and behaviours among vaccinated people
compared with unvaccinated people. If confirmed in other
studies, this behavioural difference has both policy and re-
search methods implications.
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Table 1: Association between vaccination status and COVID-19 testing intentions and self-reported behaviours (N = 1,526)

No. (%)
Behaviour Both One Unvaccinated  Test statistic, p-value
How likely is it that you'd get tested for X2(4) = 93.8, p < 0.007; Zyyeng = 9.24, p < 0.001
COVID-19 if you woke up with a sore throat
tomorrow?*
Likely 600 (55) 64 (37) 65 (25)
Neither 161 (15) 41 (24) 51(19)
Unlikely 330(30) 67 (39) 147 (56)
Did you get tested for COVID-19 in the past X2(4) = 20.6, p < 0.007; Zyyeng = 4.13, p < 0.001
month?
Yes 258 (24) 41 (24) 29 (11)
No 833(76) 131(76) 234(89)
Have you ever been tested for COVID-19? X2(4) =73.7, p < .007; Zyyonq = 8.58, p < .001
Yes 733 (67) 90(52) 104 (40)
No 358(33) 82(48) 159 (60)

* Five-point Likert scale response options are very likely, likely, neither, unlikely, and very unlikely; combined into three categories for

analyses
COVID-19 = Coronavirus disease 2019

Methods for observational studies of influenza vaccine
effectiveness adjust for several important confounders, but
the spectrum of confounding behaviours in the current SARS-
CoV-2 pandemic may be different, particularly substantial
differential testing behaviour. If unvaccinated people were
detected as cases at half the rate of vaccinated people (as
seen for the “tested in the past month” in Table 1), then a
true vaccine effectiveness of 30% would lead to a “negative”
observed vaccine effectiveness (for R,,../R,,vacc = 0.70, and
half R ;... cases not detected, then the apparent vaccine ef-
fectiveness is R,,../0.5 X Ryyacc = 0.70/0.50 = 1.4) of -40% (as
seen in the Danish study for the Moderna vaccine at 91-150 d;
see Appendix for details). A recent report from the Statens
Serum Institut in Denmark also noted lower testing rates of
unvaccinated people compared with vaccinated people of a
similar magnitude as in our study (9).

A recent World Health Organization technical brief on
vaccine effectiveness against the Omicron variant did include
the Danish study, but the majority of the studies were test-
negative designs (10). For example, the UK Health Security
Agency analysis using a test-negative design estimated that
the vaccine effectiveness against symptomatic disease was
26%, 2%-18% (2-24 wk versus 225 wk post-dose), and 63%
for one, two, and three doses of vaccine, respectively (11).
However, for hospitalization the vaccine effectiveness was
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substantially better at 52%, 52%-72%, and 88%, respectively.
Such test-negative studies may still be biased by test seeking
behaviour if there are differences in severity between cases
and non-cases (5).

Assessment of vaccine effectiveness against SARS-CoV-2
infection should use methods to account for differential
testing behaviours. Test-negative designs are currently the
preferred option, but their assumptions should be more
thoroughly examined.
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APPENDIX - ADJUSTING VACCINE
EFFECTIVENESS FOR DIFFERENTIAL TEST
BEHAVIOUR

In the Discussion, we stated that “if unvaccinated people
were detected as cases at half the rate of vaccinated people ...
then a true vaccine effectiveness of 30% would lead to a
“negative” observed vaccine effectiveness ... of ~40%.” This
can be calculated from the 30% vaccine efficacy (VE) and
50% detection rate as follows:

R, is the rate among vaccinated people, and R, . is
the rate among unvaccinated people. If the true VE is a 30%
reduction in cases, that means VE = R, /R, yacc = 0.70, that
is, 2 0.30 or 30% reduction. If instead only half of R ., cases
are detected, then the apparent VE = (R,../0.5) X Rypyacc =
(Ryace/ Runvace)/0.5 = 0.70/0.50 = 1.4, or an apparent VE of a
40% increase. (Note: if the under-detection in the R, is
“U;” then this can be written [Ryace/ Runvacc]/U.) More gener-
ally, if the relative rate of testing and detection is RTR, and
the true VE is a T_VE% reduction, then T_VE=1 - R,/
(Runvace)> but the observed rate among unvaccinated people
will be Ryacc X RTR, so the App_VE =1 - R,/ (Rypyace X
RTR) =1 - (Rpee/ (Rypyace))/RTR =1 - (1 - T_VE/RTR).
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Figure A1: The true and apparent VE for the range of true VE from 0 to 1 for (a) equal testing behaviour among vaccinated and

unvaccinated people (solid line) and (b) unvaccinated people undergoing half the testing or detection of vaccinated people
(dotted line)

Note: Arrows indicate the 30% T_VE scenario
VE = Vaccine efficacy
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