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Introduction: Long term care facilities for elderly (LTCFs) in Europe encountered a high disease burden at
the start of the COVID-19 pandemic. Therefore, these facilities were the first to receive COVID-19 vaccines
in many European countries. A limited COVID-19 vaccine supply early 2021 resulted in a majority of res-
idents and healthcare workers (HCWs) in LTCFs being vaccinated compared to a minority in the general
population. This study exploits this imbalance to assess the efficiency of COVID-19 vaccination in con-
taining outbreaks in LTCFs.
Methods: Exploratory statistics were performed using data from a COVID-19 surveillance system cover-
ing all 842 LTCFs in Flanders (the northern region of Belgium). The number and size of COVID-19 out-
breaks in LTCFs were compared (1) before and after introducing vaccines and (2) with the status of the
pandemic in the general population. Based on individual data from 15 LTCFs, the infection rate and symp-
toms of vaccinated and unvaccinated residents and HCWs were compared during a COVID-19 outbreak.
Results: 95.8% of the residents and 90.9% of the HCWs in Flemish LTCFs were vaccinated before May 30,
2021. Before vaccine introduction, residents in LTCFs were 10 times more likely to test positive for
COVID-19 than the general population of Flanders. This ratio reversed after vaccination. Furthermore,
after vaccination fewer and shorter outbreaks were observed involving fewer residents. During these out-
breaks, vaccinated and unvaccinated residents were equally likely to test positive, but positive vaccinated
residents were less likely to develop severe symptoms. In contrast, unvaccinated HCWs were more likely
to test positive.
Conclusion: In the first half of 2021, two-dose vaccination was highly efficient in preventing and contain-
ing outbreaks in LTCFs, reducing COVID-19 hospitalizations and deaths. The high likelihood of unvacci-
nated HCWs to be involved in COVID-19 outbreaks in vaccinated LTCFs emphasizes the importance of
vaccinating HCWs.

� 2022 Elsevier Ltd. All rights reserved.
1. Introduction

Across the globe long-term care facilities for elderly (LTCFs) suf-
fered high attack rates and disease burden during the COVID-19
pandemic [1]. Residents of these facilities are vulnerable due to a
combination of COVID-19 severe disease risk factors, more specif-
ically high age and frequent comorbidities [2]. In Belgium 51% of all
reported deaths during the first wave (March 2020 – May 2020)
occurred in LTCFs [3]. The same LTCFs were once again heavily
involved during the second wave (October 2020 – January 2021)
[4]. Therefore, when the European Medicines Agency approved
the first COVID-19 vaccines (Comirnaty on December 21, 2020
and Spikevax on January 6, 2021), most European countries prior-
itized the vaccination of residents and staff in LTCFs [5]. In Bel-
gium, the majority of LTCF residents and staff received their first
two vaccine doses between January 2021 and February 2021 dur-
ing large vaccination events organized in the LTCFs [4].
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The effect of the first two doses of mRNA vaccination against
COVID-19 in LTCFs has been extensively studied and many coun-
tries reported high vaccine effectiveness (VE) in preventing severe
disease (hospitalisation and death) in elderly [6]. Several papers
reported a decrease in COVID-19 incidence (positive PCR test) in
LTCFs in the 28 days after mass vaccination events in these LTCFs
[7,8]. Using individual patient data White et al. (2021) found a sim-
ilar decrease in case incidence for vaccinated and unvaccinated
residents [9]. Prior to vaccination COVID-19 cases in LTCFs were
strongly linked to infection rates in the general population and
especially in the neighbourhood of the facility [10]. However, more
evidence is needed on the impact of vaccination on this link
between LTCFs and the general population.

This paper contributes to this open question by investigating
the effectiveness of vaccinating HCWs and residents in LTCFs in
preventing the spread of infection from the community to LTCFs.
In Belgium, elderly in LTFC were the first to receive COVID19
mRNA vaccines in a two-dose schedule (4 weeks interval). Vaccina-
tion of HCW in LTFC was initiated shortly afterwards. We compare
the number and extent of outbreaks in LTCFs in the entire region of
Flanders during pandemic waves before and after the start of the
vaccination campaign in LTFCs and compare these outbreaks to
the observed infection rate of the pandemic in the general
population. In addition, we quantify the associated burden of
symptomatic disease in a subset of LTCFs who experienced an
outbreak shortly after their first vaccinations. Our observations
relate to the period June 2020 to May 2021 in which the
Wuhan and alpha strain of the COVID-19 virus were dominant in
Belgium.
2. Methods

2.1. Data sources

Aggregated LTCF data. An online COVID-19 surveillance system
in LTCFs was organized in Flanders by the Flemish Health Author-
ity. Between June 2nd, 2020 and May 30th, 2020 daily data regard-
ing the past week was collected once a week through an online
application from all 842 Flemish LTCFs. The data contains the num-
ber of residents and HCWs per LTCF, daily vaccine coverage (par-
tial/full) and COVID-19 infections (positive PCR tests) for both
HCWs and residents and daily hospitalizations and deaths for res-
idents with COVID-19 within these LTCFs. This data was pseudony-
mized and aggregated per LTCF by the Flemish health authority for
this study.

Individual LTCF data. A second surveillance data set monitored
15 selected LTCFs that experienced a severe COVID-19 outbreak
(>5 cases) between February 1st, 2021 and April 30th, 2021. During
this period also the second dose of the COVID-19 vaccine was
administered in LTCFs. All LTCFs experiencing a severe outbreak
in this period were contacted and the majority participated. The
data is recorded at the level of individual residents and HCWs
and includes date of vaccination and whether the resident/HCW
tested positive during the outbreak. For infected residents and
HCWs, the data registers the date of the first positive PCR test,
symptom severity, hospitalization and death. The data were
pseudonymized.

Population COVID-19 data. Open data on the number of con-
firmed SARS-CoV-2 cases in Flanders were collected and made

available by the Belgian institute for Health (Sciensano, https://epi-

stat.wiv-isp.be/covid/). The number of inhabitants of Flanders was

obtained from the Belgian statistical office (StatBel, https://statbel.

fgov.be/nl/open-data/bevolking-naar-woonplaats-nationaliteit-

burgerlijke-staat-leeftijd-en-geslacht-10). These open data sources
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allow a comparison between the evolution of the COVID-19 pan-
demic in LCTFs and the general population.

2.2. Data analysis

Although daily reporting of the aggregated LTCF data was
mandatory and monitored by the Flemish health agency, most
LTCFs miss information for some dates. On average 80% of the
LTCFs reported data on weekdays (Monday – Friday), whereas dur-
ing the weekend only 20% of the LTCFs complied with the required
reporting. Missing residential and HCW population sizes were
imputed based on neighboring dates and missing incidences, hos-
pitalizations and deaths are set to zero, assuming no events had
occurred. This assumption was inspired by the fact that LTCFs
should have been highly motivated to enter data when new cases
emerged as this would result in outbreak management support by
the health authorities.

A compliant LTCF was defined as an LTCF with less than 50%
missing data, more than 10 patients and for which the registered
partial and full vaccination coverage of both residents and HCWs
exceeded 80% at the end of the study period (May 30th, 2021). These
criteria were matched by 545 out of the 842 LTCFs in Flanders.

The daily partial and full vaccination coverage of residents (re-
spectively HCWs) per LTCF was computed by dividing the number
of vaccinated residents (respectively HCWs) by the total number of
residents (respectively HCWs). Since there are substantial fluctua-
tions in the reported number of HCWs and, to a minor extent, the
number of residents, the vaccination coverage fluctuates heavily
from day to day. An increasing partial and full vaccine coverage
was obtained by using the cumulative maximum of the partial
and full vaccine coverage over all previous dates in the analysis.
The total partial and full vaccination coverage of an LTCF was com-
puted as the vaccination coverage reached in the LTCF by the end
of the study period (May 30th, 2021).

A COVID-19 outbreak was defined as one or more reported
cases in residents occurring in the same LTCF with a delay of at
most five days between subsequent cases and no reported cases
in the five days preceding the first case as well as the five days fol-
lowing the last case. The start and end date of the outbreak were
defined as the date of the first and last case in the outbreak, respec-
tively. The size of the outbreak was defined as the total number of
infected residents in the LTCF during the outbreak.
3. Results

3.1. COVID-19 vaccination in LTFC in Flanders

Registered full vaccination coverage at the end of the study per-
iod (May 30th) was 95.8% for residents and 90.9% for HCWs. In
most Belgian LTCFs residents and HCWs were vaccinated on the
same date. When this was not possible, vaccination of residents
was prioritized. Therefore, the vaccination period for residents
and HCWs largely coincides, although on average residents were
vaccinated slightly earlier. Of the doses administered for LTCF res-
idents, 80% of the first doses was administered between January
11th and January 25th, 2021 and 80% of the second doses between
February 2nd and February 17th, 2021. Of the doses administered
for HCWs in LTCFs, 80% of the first doses was administered
between January 14th and January 29th, 2021 and 80% of the sec-
ond doses between February 4th and February 19th, 2021.

3.2. Evolution of COVID-19 cases in Flanders

To appreciate the effect of vaccination, we compared incidence
rates between LTCF residents and the general public. Fig. 1(a)
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Fig. 1. Comparison of evolution of confirmed COVID-19 cases in LTCF residents and in the general population. (a) Number of registered, new COVID-19 cases per 1000
inhabitants in LTCFs and in the general population of Flanders. (b) Ratio number of new COVID-19 cases in LTCFs and Flanders per 1000 inhabitants. The silver (resp. gold)
areas indicate the time window in which most residents and HCWs received their first (resp. second) vaccination dose.
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shows the evolution of the number of COVID-19 cases per 1000
LTCF residents and per 1000 inhabitants in Flanders. Before March
2021, LTCFs reported similar or higher infection rates as were seen
in the general population. LTCFs reported considerably more cases
during the second Belgian COVID-19 wave, which started around
October 2020. At the peak of the second wave (November and
December 2020) weekly incidence ranged from 1.58 to 4.86 cases
per 1000 LTCF residents compared to 0.14 to 0.60 cases per 1000
adults in the general population. Between March 2021 and June
2021, incidence rates in LTCFs dropped sharply and fell well below
those in the general population. In April 2021, weekly case num-
bers dropped to 0.05 to 0.14 cases per 1000 LTCF residents com-
pared to 0.24 to 0.32 cases per 1000 adults in the general
population. This drop in cases within LTCFs compared to the gen-
eral population coincided with the vaccination campaign in LTCFs.
This shift is better seen on Fig. 1(b) which shows the ratio between
the number of cases per 1000 LTCF residents and per 1000 inhab-
itants in Flanders. The solid line indicates an equal infection rate in
LTCFs to that in the general population. At the peak of the second
wave, residents of LTCFs were ten times more likely to report an
infection than other inhabitants of Flanders. Once most LTCF resi-
dents were fully vaccinated (Fig. 1(b), gold area) this ratio flipped
over and they became four times less likely to test positive for
COVID-19 relative to the general population.
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3.3. Outbreak occurrence and propagation in LTCFs in relation to the
general population

Next to overall incidence, the fraction of LTCF affected by
COVID-19 outbreaks is of important from a public health manage-
ment point of view. Fig. 2 plots the percentage of compliant report-
ing LTCFs with at least one new infection in a given week against
the total number of new COVID-19 cases in Flanders during the
same week. Percentages are shown by vaccination status at LTCF
level and whether a new case was detected in the previous week.
The figure excludes observations from weeks in which there were
less than five LTCFs with the selected combination of vaccination
status and past infection status. For a given infection rate in the
general population, new outbreaks were 2.37 (95% CI 2.13–2.64)
times more likely in LTCFs which reported a case during the previ-
ous week. In both LTCFs with and without cases in the previous
week the probability of new infections increased steadily with
the infection rate in the general population. After vaccination,
fewer LTCFs report new infections given the same case numbers
in the general population. Given an infection rate of 7,500–
12,500 weekly cases in the general population, the average proba-
bility of a new outbreak dropped from 58.6% before vaccination to
26.1% after fully vaccinating 80% of the residents. Remarkably, after
vaccination, the probability that an LTCF with an infection in the



Fig. 2. Percentage of LTCFs reporting at least one new COVID-19 infection per week. Percentage of LTCFs reporting at least one new COVID-19 infection in a given week versus
the number of new COVID-19 cases in Flanders during the same week. Results are stratified by vaccination status and whether the LTCF reported at least one COVID-19 case
in the previous week.
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previous week also reports an infection in the current week was
lower in weeks with a high infection rate in the general population.

3.4. Outbreak characteristics

The magnitude of an outbreak has an important impact on local
management in LTCF and implies measures to limit additional
morbidity and mortality. The data records 1588 outbreaks in LTCFs
in Flanders during the study period. Fig. 3 visualizes each outbreak
with an arrow, where the start and end of the arrow mark the
duration of the outbreak and the position on the y-axes denotes
its size. Both the frequency and magnitude of outbreaks drastically
increased between October 2020 and January 2021, which corre-
sponds to the second wave of the COVID-19 pandemic. After vacci-
nation, the size of outbreaks reduced to the low levels observed in
Fig. 3. Evolution of outbreak dynamics in LTCFs in Flanders. Every arrow represents a sing
outbreak and the value on the y-axes denotes the total number of residents infected durin
of the outbreak.
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July-August 2020. The third COVID-19 wave in Belgium (March-
April 2021) was not reflected in the size and duration of outbreaks
in LTCFs.

Table 1 shows the average duration, size, number of hospitaliza-
tions and deaths per outbreak, stratified by vaccination status of
the LTCF at the start of the outbreak. The unvaccinated period is
further split into the month June – Sept 2020 when the overall
intensity of the pandemic was low and the period Oct 2002 until
vaccination which includes the second wave of the COVID-19 pan-
demic in Belgium. Both periods were similar in terms of testing
guidelines, outbreak response protocols and the availability of per-
sonal protective equipment. Despite this similarity, outbreaks in
the later period lasted longer, infected more residents and resulted
in more hospitalizations and deaths compared to both the preced-
ing period when COVID-19 transmission in general was low and
le outbreak in an LTCF, where the horizontal position marks the start and end of the
g the outbreak. Colors of arrows represent vaccination status of the LTCF at the start



Table 1
Average duration, number of cases, number of hospitalizations and number of deaths per outbreak along with 95% Poisson confidence intervals, in 15 LTFC. Because vaccination
dates varied considerably between LTCFs, general periods reflecting ‘partial vaccination > 80%’ and ‘full vaccination > 80%’ were not defined. Vaccination abbreviated as vacc..

Vaccination status Number of
Outbreaks

Average duration
in days

Average number
of cases

Average number
of hospitalizations

Average number
of deaths

Partial vacc. < 80%
(June – Sept 2020)

264 2.2
(2.1–2.4)

3.5
(3.3–3.8)

0.34
(0.27–0.41)

0.14
(0.10–0.19)

Partial vacc. < 80%
(after Sept 2020)

956 6.5
(6.3–6.6)

15.8
(15.6–16.1)

0.93
(0.87–1.00)

0.97
(0.91–1.04)

Partial vacc. > 80% 109 4.4
(4.1–4.9)

8.9
(8.3–9.4)

0.42
(0.31–0.56)

0.40
(0.29–0.54)

Full vacc. > 80% 259 2.1
(1.9–2.2)

2.6
(2.5–2.9)

0.19
(0.14–0.25)

0.03
(0.02–0.07)
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the succeeding period after vaccination. After vaccination, out-
break dynamics returned to levels similar to those observed in
July-August 2020 despite that COVID-19 incidences remain high
in the general population.
3.5. Comparing COVID-19 in vaccinated and unvaccinated residents
and HCWs

To further assess effect of vaccination, we investigated the rel-
ative risk of infection according to vaccination status. Fig. 4 com-
pares, per outbreak, the vaccination coverage in the LTCF at the
start of the outbreak and the vaccination coverage within infected
cases. The unit line represents the situation where infections are
independent of vaccination status. Points below the unit line indi-
cate relatively more infections in unvaccinated residents and
HCWs, whereas points above the line indicate more infections in
vaccinated residents and HCWs. Applied to residents (panel a)
the observed points were close to the unit line. Hence, during out-
breaks the probability of testing positive was similar for vaccinated
and unvaccinated residents. Applied to HCWs (panel b), almost all
points were located below the unit line. This shows that unvacci-
nated HCWs were much more likely to get infected during a
COVID-19 outbreak.
Fig. 4. Percentage of infected cases in fully vaccinated (a) residents or (b) HCWs against
dot represents one LTFC.The diagonal line indicates the situation where the distribution o
(b) HCWs.
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Across the 15 outbreaks for which individual data were avail-
able, 272 of the 1567 residents tested positive for SARS-CoV-2.
Table 2 lists the vaccination status of the residents who tested pos-
itive at the time of infection as well as the number of residents per
vaccination status and the fraction of these residents developing
symptoms, severe symptoms, becoming hospitalized or dying. As
a result of the high vaccination coverage in Flemish LTCFs only
few infected patients were not vaccinated, which results in broad
confidence intervals for the other ratios in the table. Despite these
broad confidence intervals, COVID-19 vaccination resulted in sig-
nificant reductions of the probability of developing severe symp-
toms or dying following a COVID-19 infection.
4. Discussion and conclusion

In Flanders, Belgium, LTCFs for elderly were heavily affected by
the second wave (autumn 2020) of the SARS-CoV-2 pandemic, but
they largely escaped from the third wave (April 2021). Seropreva-
lence data indicated higher attack rates in LTCFs (both residents
and staff) than in the general population before vaccination started
[11]. The current analysis of aggregated data comparing the out-
break dynamics in LTFC to overall population dynamics show
how the outbreak pattern in LTFC changed after the vast majority
the overall percentage of vaccinated (a) residents or (b) HCWs within 15LTCF. Each
f vaccination status is the same among the infected and non-infected (a) residents or



Table 2
Number of infected residents per vaccination status along with symptomatic rate, severe symptomatic rate, hospitalization rate and mortality rate along with 95% Bernoulli
confidence intervals, within 15 LTFC.

Vaccination status Infected Fraction symptomatic Fraction with severe symptoms Fraction hospitalized Fraction death

Not fully vaccinated 37 65 (47–79) 32 (19–50) 8 (2–23) 27 (14–44)
Fully vaccinated 235 46 (39–52) 13 (9–18) 11 (7–16) 9 (5–14)

J. Crèvecoeur, N. Hens, T. Neyens et al. Vaccine 40 (2022) 6218–6224
of the residents and HCWs were vaccinated in January-March
2021. As a result, the incidence in LTFC residents was lower during
the third wave than in the general population, where vaccination
coverage was still low around that time, and the outbreak pattern
mimicked the one seen during the low-endemic period July-August
2020, preceding the second wave. Similarly, lower numbers of LTFC
outbreaks and lower numbers of cases per outbreak than in previ-
ous waves were reported in the third pandemic wave in Germany,
shortly after vaccination in LTFC [12].

When more people in the general adult population were vacci-
nated, the gap in COVID-19 incidence between the general popula-
tion and LTCFs narrowed. Vaccination of the general adult
population started mid-March 2021, with prioritization based on
age (elderly) and health status (comorbidity), and by end of May
2021 54% and 24% of adults(18+) in Flanders had received one or
two doses, respectively (Sciensano.be). Over this period infections
in LTCFs remained low. This is consistent with waning of VE
against infection with the variants circulating during the study
period which was shown to become apparent only about 6 months
after vaccination [13]. Due to the simultaneous vaccination of both
HCWs and residents it was not possible in our study to disentangle
this joint benefit into the benefits of only vaccinating HCWs or
residents.

New outbreaks in LTCFs were more often detected when the
COVID-19 infection rate in the general population was high.
Vaccination within LTFC thus reduces the risk of new outbreaks,
but retains positive association with the status of the pandemic
in the general population. This finding corroborates analysis from
the US [14] and stresses the need to obtain and keep high
population immunity for maximal protection of vulnerable
populations.

Once an outbreak was detected, the risk of finding additional
cases was considerably lower in LTCFs in which a majority of the
residents and HCWs was already vaccinated. Interestingly, after
vaccination this risk did not depend on the status of the pandemic
in the general population. This independence suggests that after
vaccination, additional cases mainly arise via internal transmis-
sion. It is unclear how disease propagation within LTCFs compares
to other risk groups or to the general public, since, after an initial
case detection, a more elaborated screening of residents and HCWs
was conducted according to standard practice, which increased the
probability to detect additional asymptomatic cases.

Case-based data from a subset of these outbreaks show that
mainly unvaccinated HCW were at risk to be involved and thus
they may have played a part in the internal transmission. The pro-
tective effect of HCW vaccination to prevent outbreaks in LTFC was
demonstrated in Japan, where HCW were prioritized to be vacci-
nated before elderly [15]. Despite high vaccination coverage in
LTFCs there was remaining burden among residents, especially
the unvaccinated ones, through severe symptomatic infection.
These findings emphasize the importance of HCW vaccination
and continued non-pharmaceutical interventions to complement
vaccine-induced protection in the vulnerable LTFC population.

An important strength of this study is the huge amount of avail-
able data. The data were not specifically collected for this analysis
and likely suffer from registration errors. However, as registration
of both vaccination status and infection status was necessary to
receive outbreak management (e.g. testing materials) from health
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authorities, we presume registration to be rather complete. It is
possible that small outbreaks of asymptomatic infections have
stayed unnoticed, which may have happened more frequently after
vaccination. However, this would not change our major findings.

The results in this paper were obtained over a period in which
the Wuhan and alpha strain of SARS-CoV-2 were dominant, and
where an epidemic wave arrived immediately after vaccination
of LTFC residents. Further investigation is required to see how
these results change in the presence of new SARS-CoV-2 strains,
or when more time has elapsed after vaccine administration. A
European study reported increasing breakthrough outbreaks with
high attack rates in LTFC in July-October 2021, during the epidemic
wave caused by the delta variant, and stressed the importance of
early detection and rapid containment [16]. In Israel a similar rise
in LTFC cases during the delta variant, which occurred several
months after vaccination, could be counteracted with a booster
dose in the LTFC population [17].

The data sources and methods used in the current study allow
for a clear illustration of the preventive impact of vaccination
within LTFCs not only on hospitalization and death among resi-
dents, but also on outbreak risk in LTFCs, even during a period with
low immunity in the general population. Since outbreak manage-
ment puts considerable pressure on HCWwithin LTFC and on men-
tal health of the residents, the added value of avoiding outbreaks
cannot be underestimated.
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