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Abstract
COVID-19 vaccine trials depend on the localization of vaccination records for each trial subject. Misclassification
bias occurs when vaccination records cannot be localized or uniquely identified. This bias may be significant in
trials where the trial subjects’ vaccination and health records are distributed between more than one database.
The potential for this bias is present in numerous published COVID-19 vaccine trials. A model is proposed for
estimation of the magnitude of this bias on apparent vaccine efficacy. In the model, misclassification is always in
the direction from partial or fully vaccinated status to unvaccinated status. The model predicts a disproportionate
effect of vaccination status misclassification on the apparent vaccine efficacy when population vaccination rates
are high.
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1. Introduction
Randomized trials of COVID-19 vaccines available in the
United States showed efficacy for reducing the risk of symp-
tomatic disease [1], [2] and severe disease [3]. However, the
application of the vaccines to a broader segment of the popula-
tion, against an evolving disease and with respect to different
outcomes including mortality has required additional study.

Observational trials have reported high levels of efficacy
of the COVID-19 vaccines against severe outcomes [4], [5],
[6], [7], [8], [9] [10], [11], [12], [13] but also an efficacy that
wanes [14], [15]. These studies may be playing an important
role in forming public perceptions of vaccine efficacy. Thus,
these observational studies should be carefully evaluated.

The data collection methodologies in the observational
studies are complex and have a direct bearing on the outcomes
of the studies. In all the observational studies cited above,
records of vaccinations and healthcare outcomes are main-
tained on separate information systems, for at least some of
the study subjects. In all but the study of Green et al [10], com-
parison of COVID-19 health outcomes with vaccination status
requires matching of subject records between information sys-
tems. When the matching is incomplete, subjects are assigned
the “unvaccinated” status, by default, thus introducing a bias.

This bias has not been assessed in any of the cited studies;
the upper bound on this bias is not known. The effect could
be minor or it could be invalidating. As a result, the results of
those studies should be considered uncertain.

The purpose of this study is to present a model relating
misclassification to the apparent vaccine efficacy and to use
the model to better understand this bias.

Figure 1. Example of effect of vaccination misclassification
on apparent vaccine efficacy. .In this case, the unvaccinated,
partially vaccinated and fully vaccinated populations are
equal. Also, the relative risk of the partially and fully
vaccinated are equal.
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Symbol Definition

V E Vaccine efficacy
V EA Apparent vaccine efficacy
NU Unvaccinated population
NP Partially vacccinated population
NF Fully vaccinated population
EU Unvaccinated events
EP Partially vaccinated events
EF Fully vaccinated events
RU Unvaccinated risk
RP Partially vaccinated risk
RF Fully vaccinated risk
RRU Relative risk unvaccinated
RRP Relative risk partially vaccinated
RRF Relative risk fully vaccinated
m Misclassification fraction

Table 1. Table of Symbols

2. Background
The magnitude of this bias in the COVID-19 vaccine trials is
unknown. However, some minimum misclassification rates
have been reported for vaccination status. In the study of
Lin et al, non-inclusion of vaccination records from federal
entities resulted an estimated 5% rate of missing data [4].
In the study of Olson et al [5], vaccination records could
not be verified for 4% of hospitalized patients based on the
hospital patient record and approximate vaccination date and
a ”reasonable” location.

2.1 Non-compliance with reporting requirements
There are diverse reasons why vaccination records may be
unavailable. In California, non-compliance of vaccination
providers for submission of vaccination records affected the
completeness of the state registry [16]. The study of Tartof et
al [8] did rely on the California immunization registry so it
is possible that non-compliance of vaccination providers did
affect the outcome.

2.2 Non-reporting due to consent requirement
Completeness of the public record of vaccination record can
also be limited by consent requirements. The NYC Health
Department’s Citywide Immunization Registry, for example
requires consent from all adults for submission of their vac-
cination record [17]. That registry was used for the vaccine
trial of Rosenberg et al [11].

2.3 Incomplete matching due to data-entry variation
Missing vaccination records can also result from variation in
data entry between vaccination registries and other databases.
In the study of Lin et al [4], a probabilistic algorithm was
used to match records from the North Carolina Covid-19

Surveillance System and the Covid-19 Vaccine Management
System. Also, as alluded to in Lin et al, vaccination status may
be recorded in either or both the state and federal registries.
In the trial by the Washington State Department of Health [7],
vaccination status was established only if exact matches on the
first name, last name and date of birth between the Washington
Immunization Information System and Washington Disease
Reporting System.

3. Methods
A model is proposed for the effect of vaccination status mis-
classification on apparent vaccine efficacy. The model as-
sumes only one way misclassification from partial and full
vaccination status to unvaccinated status due to missing data.

The model applies to static conditions. In this model,
the proportion of unvaccinated, partially vaccinated and fully
vaccinated populations are constant. Furthermore, the relative
risks associated with partial and full vaccination relative to
non-vaccination are constant.

Vaccine efficacy V E is defined in terms of the risk of a
COVID-19 outcome for the unvaccinated population RU and
the fully vaccinated population RF :

V E =
RU −RF

RU
(1)

In terms of the COVID-19 events EU and EF in the unvac-
cinated and fully vaccinated populations, respectively and in
terms of the unvaccinated and fully vaccinated populations,
NU and NF , respectively:

V E =

EU
NU

− EF
NF

EU
NU

(2)

The fraction of events that are misclassified as unvacci-
nated is m. The apparent vaccine efficacy V EA is obtained by
the addition of misclassified events from the partially vacci-
nated population, m(EP) and of the fully vaccinated popula-
tion m(EF) to the events in the unvaccinated population. Also,
the misclassified events are reduced accordingly in the fully
vaccinated population:

V EA =
(EU+m(EP)+m(EF )

NU
)− (EF−m(EF )

NF
)

EU+m(EP)+m(EF )
NU

(3)

The apparent vaccine efficacy can be expressed in terms
of the risks in the unvaccinated, partially vaccinated and fully
vaccinated populations, RU , RP and RF , respectively. NP is
the population with partial vaccination.

V EA=
RU +m( NP

NU
)(RP)+m(NF

NU
)(RF)−RF +m(RF)

RU +m( NP
NU

)(RP)+m(NF
NU

)(RF)
(4)
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Vaccine Efficacy Outcome Time frame

Lin et al [4] 94.1% * Hospitalizaton/Mortality 6 months post-vaccination
Olson et al [5] 98% ** ICU admission July 1 - October 25, 2021
Johnson et al [6] 94% †† Mortality July - November, 2021
Department of Health, 88.8% †† Mortality December 15,2021 - January 11, 2022
Washington State [7]
Tartof et al [8]. 93%** Hospitalization Through 6 months post-vaccination
Bruxvoort et al [9] 95.8%* Hospitalization and Through June 30, 2021

in-hospital mortality
Greene et al [10] Not determined Hospitalization and Mortality February 21–April 17, 2021
Rosenberg et al [11] 92.6%†† Hospitalization Week of June 21, 2021
Puranik et al [12] 91.6%* Hospitalization January - July, 2021
Thompson et al [13] 90% † ICU Admission January 1 through June 22, 2021

Table 2. Vaccine efficacy against severe outcomes in studies of COVID-19 relying on fragmented public health records. If
more than one type of outcome reported, results for the most severe outcome shown. If results for more than one vaccine
reported, the best case outcome shown.*mRNA-1273, *BNT162b2, †mRNA-1273 and BNT162b2, ††all vaccinations

Finally, the apparent vaccine efficacy can be expressed in
terms of the relative risks ratios in the partially vaccinated and
fully vaccinated populations, RRP and RRF , respectively.

V EA=
1+m( NP

NU
)(RRP)+m(NF

NU
)(RRF)−RRF +m(RRF)

1+m( NP
NU

)(RRP)+m(NF
NU

)(RRF)

(5)

4. Results
The relationship between the misclassification fraction m and
the apparent vaccine efficacy V EA was examined for the case
where NU = NP = NF and for the cases of V E = 0%, V E =
25%, V E = 50% and V E = 75%. The results are shown in
figure 1.

5. Discussion
The effect of vaccination status misclassification has been
inadequately addressed in COVID-19 vaccine efficacy trials
relying on fragmented public health records. Thus, there is
potential that the reported vaccine efficacy from these trials
may be significantly overstated.
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D, Pajon R, Schödel F, Tomassini JE, Zhou H, and Miller
J. Efficacy of the mRNA-1273 SARS-CoV-2 vaccine at
completion of blinded phase. New England Journal of
Medicine, 385(19):1774–1785, 2021.

[3] Sadoff J, Gray G, Vandebosch A, Cárdenas V, Shukarev
G, Grinsztejn B, Goepfert PA, Truyers C, Fennema
H, Spiessens B, Offergeld K, Scheper G, Taylor KL,
Robb Merlin L, Treanor J, Barouch DH, Stoddard J,
Ryser MF, Marovich MA, Neuzil KM, Corey L, Cauwen-
berghs N, Tanner T, Hardt K, Ruiz-Guiñazú J, Le Gars M,
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