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In Belgium, high-risk contacts of an infected person were offered PCR-testing irrespective of their vacci-
nation status. We estimated vaccine effectiveness (VE) against infection and onwards transmission, con-
trolling for previous infections, household-exposure and temporal trends. We included 301,741 tests
from 25 January to 24 June 2021. Full-schedule vaccination was associated with significant protection
against infection. In addition, mRNA-vaccines reduced onward transmission: VE-estimates increased to
>90% when index and contact were fully vaccinated. The small number of viral-vector vaccines included
limited interpretability.
� 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

COVID-19 vaccines have shown efficacy against symptomatic
disease in clinical trials [1–3] and real-life vaccine effectiveness
(VE) has subsequently been confirmed in several large observa-
tional studies [4–6]. The VE on onwards transmission of COVID-
19 is less well documented. A contact tracing system to limit the
spread of COVID-19 in Belgium is in place since May 2020. A pos-
itive laboratory test will trigger a process in which the person with
the positive test, referred to as index case, is asked to provide
details on whereabouts and contacts. High-risk contacts (HRC) will
subsequently be contacted and tested. National data from testing,
contact tracing and vaccination are centralized in one data-
warehouse. The data are pseudonomized and can be linked
through a recoded national identification number of social security
(NISS). From this data, we estimated VE against infection after
high-risk contact and onwards transmission.
2. Data & methods

We included data collected through contact tracing on events
from 25/01/2021 to 24/06/2021. During this period, ‘contact
tracing’-procedures remained unchanged and independent of a
person’s vaccination status. Events were defined as high-risk con-
tacts (contacts for > 150 at < 1,5m without face masks, or direct
physical contact [7]), between an infected person and a susceptible
person. Any person without a positive test (PCR or Antigen) in the
past 90 days was considered susceptible. Testing of HRC via PCR
was carried out as soon as possible. An additional PCR-test was col-
lected seven days after exposure if the first test was negative,
sooner if symptoms appeared.

Vaccination status was defined by the number of doses and type
of vaccine received until 14 days before the date of last high-risk
contact. We excluded events if a vaccine was received by either
index case or HRC during this 14-day period. When this date was
missing, the date of contact between HRC and the ‘contact
tracing’-center was used. For descriptive purposes, we use the
terms ‘partially’ (persons having received a single dose of a two-
dose vaccine schedule) and ‘fully’ vaccinated.

There were 393,469 events during the study period. Events
were excluded if missing NISS (N = 48,860), missing test result
(N = 34,147) or vaccination in the 14-day period preceding the
event (N = 10,089). We included 301,741 events associated with
131,283 index cases in the analysis. For 274,942 events (91%), both
the index and HRC were unvaccinated. The other events included:
2.7% partially and 0.8% fully vaccinated index cases and 4% par-
tially and 2.6% fully vaccinated HRC (Table 1). Based on positive
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Table 1
Vaccination status of the study population (HRC = high-risk contact).

Total ChadOx1
(AstraZenaca)

BNT162b2
(Pfizer)

mRNA-1273
(Moderna)

Ad26.CoV2.S
(J&J)

Index Cases
Not vaccinated 126,780 – – – –
Partially vaccinated 3513 2,121 1264 106 –
Fully vaccinated 990 12 908 69 22
HRC
Not vaccinated 281,592 – – – –
Partially vaccinated 12,162 7,137 4444 507 –
Fully Vaccinated 7987 55 7275 652 74
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PCR/antigen results > 90 days before the current event, 290 index
cases and 697 HRC were previously infected. The average age of
the study population was 33 years (standard deviation 19.4) and
women represented 51.5%.

We fitted the final test result associated with an event using a
Bayesian logistic regression including the vaccination status of
index and HRC and previous COVID-19 infections. We further
included household-exposure and a factor representing the week
on which the sample was taken.

logit Ppostest
� � � intercept þweekly:variationþ b0 � household

þ b1 � prev ious:COVID19þ b2 � Vac:HRC þ b3

� Vac:Index
Ppostest followed a Bernoulli distribution. Prior distributions

given to b0�3 were normal with mean zero and standard deviation
100. Analysis was performed in R (4.0.5, using the R-Nimble pack-
age [8]).

VE was estimated from the probability of infection given vacci-
nation status (VaccinatedVS, VS ¼ vaccinationstatusofindexandHRC),
compared to a baseline scenario (Unvaccinated).
Fig. 1. Vaccine Effectiveness-estimates (VE) and 95% credibility intervals against infectio
high-risk contact (HRC) with an unvaccinated index (SD = single dose, RR = relative risk
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VEVS ¼ 1� Ppostest
� ��VaccinatedVSÞ
Ppostest
� ��UnvaccinatedÞ

VE was jointly estimated with the secondary attack-rates,
allowing for a straightforward estimation of the 95% credibility
intervals (95% CI).

3. Vaccine effectiveness

VE against infection for a fully vaccinated HRC and an unvacci-
nated index was estimated at 74% (95% CI 72–76) and 85% (95% CI
80–90) for the mRNA-vaccines BNT162b2 (Pfizer-BioNTech) and
mRNA-1273 (Moderna) and 53% (95% CI 12–84) and 61% (95% CI
29–84) for ‘viral-vector’-vaccines ChAdOx1 (AstraZeneca) and
Ad26.COV2.S (Janssen). There was no significant difference
between protection by full-dose vaccination and previous infec-
tion. VE increased significantly between doses for BNT162b2 and
mRNA-1273 (Fig. 1).

The VE against onwards transmission was estimated at 62%
(95% CI 57–67) for BNT162b2 and 52% (95% CI 33–69) for mRNA-
1273 for full vaccination. No significant effect against onward
n by vaccination status (upper) or by previous infection (lower) of the contact after
).



Fig. 2. Vaccine Effectiveness-estimates (VE) and 95% credibility intervals against onward transmission by vaccination status (upper) or by previous infection (lower) of the
index after high-risk contact with an unvaccinated contact (SD = single dose, RR= relative risk).
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transmission was found for the ‘viral-vector’-vaccines, but credibil-
ity intervals were large. Vaccination with mRNA-vaccines had a
similar effect as previous infection, but two doses were required
to achieve this effect (Fig. 2).

We estimated VE for the combinations of the vaccination status
of the index and HRC. The combined effects against infection and
onward transmission led to high protection (Fig. 3).
4. Discussion

Our study investigated vaccine-induced protection against
infection and onward transmission after high-risk contact under
extensive and systematic testing of symptomatic and asymp-
tomatic contacts. The study period coincided with the early roll-
out of Belgium’s vaccination campaign and all EMA-authorized
vaccines were included. Belgium’s vaccination strategy prioritized
nursing home residents and healthcare workers after which an
age- and risk-based approach was taken to vaccinate the general
population. There was a three- to five-week interval between doses
for the mRNA-vaccines and a 12-week interval for ChAdOx1. For
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further details on the strategy we refer to the Scientific Institute
of Public Health FAQ [9]. At the end of the study period, 33% of
the adult Belgian population was fully vaccinated, 60% had
received at least one dose. Strains sequenced during the study per-
iod were increasingly identified as B.1.1.7; from 33% during the
first weeks to 80% by the end of the study period. The presence
of other variants of concern was limited [10].

The period duringwhich datawas collected aswell as the testing
strategy underwhich it was collected, have to be kept inmindwhen
comparing VE-estimates. Our data was collected under extensive
testing which likely led to a high proportion of asymptomatic infec-
tions. HRC were asked about symptoms when contacted for contact
tracing, but we could not distinguish between symptomatic and
asymptomatic infections as symptoms might have appeared after
the call. Studies that made the distinction, have reported lower
VE against asymptomatic infection [11]. For example; in Israel for
BNT162b2, VE was estimated at 97% (95% CI 96.7–97.2) for symp-
tomatic infection and 91.5% (95% CI 90.7–92.2) for asymptomatic
infection [5]. Our study population was mainly of working age,
partly because schools and nursing homes had separate contact
tracing. Björk et al. [12] reported effectiveness for BNT162b2



Fig. 3. Vaccine Effectiveness-estimates (VE) and 95% credibility intervals by vaccination status of index and high-risk contact (HRC). The background color represents the VE-
estimate. Combinations in which both the index case and high-risk contact were partially vaccinated are in the grey box. Combinations in which both the index case and high-
risk contact were fully vaccinated are in the black box (SD = single dose).
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against infection in the working population and included high-risk,
household contacts. Their estimates were in line with our study and
significantly increased between doses from 42% (95% CI 14–63) to
86% (95% CI 72–94).

Observational studies on onward transmission were scarce at
the time of writing. Shah et al. [13], estimated the effect on house-
hold transmission for healthcare workers and reported a hazard
ratio of 0.7 (95% CI 0.63–0.78) for ChAdOx1 and BNT162b2. Harris
et al. [14] investigated onwards transmission within households
after vaccination of the index case. Their unadjusted OR for risk
of infection in unvaccinated household members were: 0.55 (95%
CI 0.46–0.67) for ChAdOx1 and 0.57 (95% CI 0.49–0.65) for
BNT162b2. Since 93% of their vaccinated study population were
partially vaccinated, their estimates are best compared to our
OR-estimates for single doses: 1 (95% CI 0.95–1.10, ChAdOx1)
and 0.93 (95% CI 0.83–1.02, BNT162b2) (see supplementary
material).

Despite a considerable number of events included, only a lim-
ited number of vaccinated persons were included. This has several
reasons. (1) Our study collected data when coverage was low. (2)
Despite contact tracing being automatically triggered by a positive
test, not all Belgian cases were included. E.g. collectivities such as
nursing homes were prioritized in the vaccination strategy, but
performed contact tracing through a distinct system. (3) We
excluded events where the index or HRC were vaccinated within
the ‘14-day’-period before the event. (4) Index and HRC often
had similar ages (results not shown) which in combination with
an age-based vaccination strategy and (5) vaccine-induced protec-
tion all led to the inclusion of mainly unvaccinated persons.
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For the viral-vector vaccines the numbers were especially small
which is reflected in the large 95% CIs from which no real conclu-
sions can be drawn. Comparison between vaccine types is further
limited by risk- and age-specific allocation, e.g. the first group to
be vaccinated with ChAdOx1 were healthcare workers, which is
not considered in this analysis.

We used a 14-day period before the last contact to define vac-
cination status. This is a common approach to evaluate protection
given the 14-day period necessary for the protection to become
effective [2]. We excluded events with a vaccination in this 14-
day period to have the vaccination status correspond to the protec-
tion offered by the vaccine. Infection might however have occurred
before the last contact in which case we underestimated VE. VE-
estimates might further be biased because of missed previous
infections. During the first wave, March-June 2020, testing was
limited. In addition, breakthrough infections might be detected
less than infections in unvaccinated persons [15,16]. This would
bias the analysis as it means we can no longer correct for previous
infections. Persons included in this analysis have however not been
vaccinated long which limits the likelihood of undiagnosed break-
through infections. Finally, while the index case is a likely source of
infection for its high-risk contact, other sources are not excluded.
We could not exclude that an undiagnosed infection in a high-
risk contact was the source of infection for the index case. For this
analysis we assumed that the source of infection was not a
confounder.

In conclusion, we found significant protection against infection
after a high-risk contact by a full schedule of any of the vaccines
currently administered in Belgium. Protection was comparable to
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protection obtained after infection. Significant effects on onward
transmission in case of breakthrough infections were shown for
mRNA-vaccines, leading to high protection when both the index
and HRC were fully vaccinated. More data needs to be collected
on viral-vector vaccines to estimate their effect on onward
transmission.
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