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Abstract 

Background: Contact tracing is one of the main public health tools in the control of coronavirus disease 2019 
(COVID-19). A centralized contact tracing system was developed in Belgium in 2020. We aim to evaluate the perfor-
mance and describe the results, between January 01, 2021, and September 30, 2021. The characteristics of COVID-19 
cases and the impact of COVID-19 vaccination on testing and tracing are also described.

Methods: We combined laboratory diagnostic test data (molecular and antigen test), vaccination data, and contact 
tracing data. A descriptive analysis was done to evaluate the performance of contact tracing and describe insights 
into the epidemiology of COVID-19 by contact tracing.

Results: Between January and September 2021, 555.181 COVID-19 cases were reported to the central contact center 
and 91% were contacted. The average delay between symptom onset and contact tracing initiation was around 
5 days, of which 4 days corresponded to pre-testing delay. High-Risk Contacts (HRC) were reported by 49% of the 
contacted index cases. The mean number of reported HRC was 2.7. In total, 666.869 HRC were reported of which 
91% were successfully contacted and 89% of these were tested at least once following the interview. The estimated 
average secondary attack rate (SAR) among the contacts of the COVID-19 cases who reported at least one contact, 
was 27% and was significantly higher among household HRC. The proportion of COVID-19 cases who were previously 
identified as HRC within the central system was 24%.

Conclusions: The contact-tracing system contacted more than 90% of the reported COVID-19 cases and their HRC. 
This proportion remained stable between January 1 2021 and September 30 2021 despite an increase in cases in 
March–April 2021. We report high SAR, indicating that through contact tracing a large number of infections were 
prospectively detected.

The system can be further improved by (1) reducing the delay between onset of illness and medical consultation (2) 
having more exhaustive reporting of HRC by the COVID-19 case.
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Background
In Belgium, as in the rest of the world, the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) caus-
ing coronavirus disease 2019 (COVID-19) resulted in 
important challenges to monitor and contain the spread 
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of this new virus. From March 2020 onwards, the num-
ber of confirmed COVID-19 cases quickly increased, 
with widespread community transmission through-
out the country and important numbers of COVID-
19-associated hospitalizations and mortality [1–3]. As 
a result, non-pharmaceutical interventions (NPI) were 
implemented, among which a lockdown from March 
14, 2020 [4]. A fast and effective contact tracing system, 
able to process large volumes of cases, together with an 
increase in the testing capacity, were identified as key 
public health tools to limit transmission, especially after 
lifting the lockdown. A performant system of testing and 
tracing was necessary to swiftly identify newly infected 
COVID-19 cases and their close contacts: people they 
had contact with during their infectious period. Contact 
tracing also included the quarantine and testing of high-
risk contacts (HRC), while the contact center also had a 
role in informing the COVID-19 cases about their isola-
tion. This combination of measures can lead to the inter-
ruption of transmission chains [5, 6]. The initial phase 
of the epidemic had highlighted the capacity limitations 
of traditional contact tracing performed by the regional 
public health services. Therefore, the regional authorities 
(Brussels-Capital, Flanders, Wallonia) together with the 
German-speaking community within Wallonia, decided 
to organize one centralized technical contact tracing 
platform that could be used by different regional call 
centers. This new system aimed to be operational by May 
11, 2020, when lockdown measures were lifted [7]. An 
exception was made for companies and collectivities such 
as hospitals, schools, and long-term care facilities. In 
these settings, only HRC outside these collectivities (‘pri-
vate contacts’) were followed by the central tracing, while 
local contact tracing of HRC within the collectivities was 
carried out by medical services, and thus not covered 
by this central tracing system. Moreover, in September 
2020 the Belgian corona-app (Coronalert) was launched. 
This application allows COVID-19 cases to report their 
positive test and to warn their contacts anonymously. Via 
Bluetooth, the smartphone will exchange encrypted ran-
dom identifiers with other devices. These identifiers, pro-
vide information solely about duration and distance of 
an encounter and allow a user to inform anonymously its 
contacts that used the app in case of a COVID-19 diag-
nosis [8–11].

In this paper, we describe the performance of the 
COVID-19 contact tracing system in the first 9 months of 
2021 in Belgium, using indicators that are internationally 
recommended [12, 13]. Our objectives were to identify 
(i) the completeness and timeliness with which COVID-
19 cases were captured by the system (ii) the proportion 
and timeliness with which their HRC were contacted. (iii) 
the proportion of HRC that were tested and those that 

became new COVID-19 cases (HRC who tested positive) 
and (iv) the proportion among all new COVID-19 cases 
which were registered as HRC in the central system.

Furthermore, we describe the characteristics of 
COVID-19 cases (age group, sex, symptoms, suspected 
place of infection, the use of the coronalert app) and the 
impact of the COVID-19 vaccination campaign on con-
tact tracing from January to September 2021.

Methodology
Data sources
Three data sources were used: the laboratory test data-
base, the contact tracing database, and the vaccination 
database. All three databases were linked at the person 
level via a unique pseudonymized national registry num-
ber (NRN) [14]. This NRN is the unique identification 
number with which a person is identified in, among other 
things, the health and social sector and is available for all 
Belgian residents. For non-Belgian residents (e.g. tour-
ists) a “BIS” number can be created by a physician when 
necessary.

The test database includes test prescriptions and results 
reported by laboratories (molecular or antigen tests), 
physicians (molecular or antigen tests), and pharmacies 
(antigen tests). All test results were reported to Sciens-
ano, the national institute of health.

The contact tracing database includes results of inter-
views (calls) with COVID-19 cases about possible 
COVID-19 related symptoms (anosmia, cough, head-
ache, runny nose, muscle pain, sore throat, fever, and 
diarrhea), self-reported suspected place of infection, and 
their contacts during the infectious period (defined as 
2 days before until 10 days after onset of symptoms – in 
case of no symptoms at the time of sampling, the date 
of sampling was used) [15]. Part of the index cases were 
asked question about the use of the CoronApp. Data 
from the COVID-19 cases and HRC were centralized in a 
contact tracing data warehouse.

The Belgium COVID-19 vaccination registry (Vaccin-
net+) [16] was used to monitor the vaccination status of 
index cases and high-risk contacts over time.

Testing and quarantine measures over time were 
extracted from official governmental communications 
(Supplementary Table 1).

Case definitions
A COVID-19 “index case” was defined as a person with 
a positive molecular or antigen test. Contact tracing 
could also be requested by a physician for a patient with-
out a test result or if he judges that it was a false nega-
tive result given his knowledge of the history and clinical 
background of the patient. In order to take into account 
only new infectious episodes and to avoid re-contacting 
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the same person during one episode, persons with a pre-
vious infection in the past 56 days (until 01 April 2021) 
or 90 days (since 01 April 2021) were excluded (Sup-
plementary Table  1). Index cases were reported to the 
contact center in order to initiate contact tracing [3]. 
Contacts were classified as HRC based on the type (e.g. 
direct physical contact, face-to-face contact at < 1,5 m 
with/without the use of face mask) and the duration of 
exposure (e.g. less or more than 15 min), while exact defi-
nitions varied over time and depending on the exact con-
text [17, 18].

Data analysis
The test, vaccination, and contact tracing data were 
merged based on the pseudonymized NRN. The sec-
ondary attack rates (SAR) were estimated as the pro-
portion of HRC tested positive among all HRC tested at 
least once, using test data up to 14 days after the inter-
view. Three different vaccination statuses were con-
sidered: unvaccinated, partially vaccinated, and fully 
vaccinated. A person was considered fully vaccinated if 
a test was taken at least 14 days after the second dose of 
the Moderna® or AstraZeneca® vaccine, 7 days after the 
second dose of Pfizer®, or 21 days after the first dose of 
the COVID-19 Janssen® vaccine. If only one dose of the 
Pfizer®, Moderna®, or AstraZeneca® vaccine had been 
administered, the person was considered partially vacci-
nated. To study the effect of vaccination on testing and 
contact tracing in Belgium, fully vaccinated and unvacci-
nated HRC were compared concerning their proportion 
tested and the positivity ratio.

The datasets used in this analysis contain data related 
to index cases tested between January 01, 2021, and Sep-
tember 30, 2021. Differences in categorical distributions 
were evaluated by a chi-square test. Confidence intervals 

were estimated by Wilson’s score method. All analyses 
were performed in R software version 4.0.5 [19].

Results
Identification of index cases
Between January and September 2021, 555.181 index 
cases were reported to the contact center and 506.419 
cases were contacted (Table  1) and 34.7% of the index 
cases reported a date of symptoms onset when a test was 
prescribed. The delay from symptom onset to interview 
is 4–5 days and can be divided into four periods. Figure 1 
depicts the duration of each of these periods and their 
evolution over time. The first period, from symptom-
onset to consultation with a healthcare provider, accounts 
for nearly half of the total delay for symptomatic persons. 
After a prescription was done by the healthcare provider, 
another 2–3 days were necessary for the complete process 
of sample collection, sample analysis, test result report-
ing, and contact tracing initiation by the contact center. 
Over the whole period, 40.7% of cases were contacted, by 
the contact center on the day of diagnosis. One day after 
the diagnosis, 79.9% of the cases were contacted. Overall 
8.8% could not be reached by phone for an interview.

Table  1 illustrates the number of contacted cases and 
characteristics by month. Additional characteristics (dis-
tribution by age group, gender, region) can be found in 
Supplementary Table 2.

Most index cases (72.4%) reported possible COVID-
19 symptoms. The most frequently reported symptoms, 
when contacted by the contact center, were headache 
(41.6%), cough (38.4%), runny nose (34.9%), muscle pain 
(32.4%), sore throat (28.8%), and fever (28.8%). Anosmia 
was reported by 17.8% of the cases, and 10.7% reported 
diarrhea.

Overall the app Coronalert was installed by 3.7 mil-
lion persons in Belgium, which represents 32.1% of the 

Table 1 Numbers and characteristics of index cases contacted by the contact center (CC), Belgium, January – September 2021 (Avg 
No. = average number, HRC = High-Risk Contact)

Month Number Symptomatic (%) Fully vaccinated (%) Reporting at least one 
HRC (%)

Avg No. HRCs among 
cases reporting HRC

January 51.834 75.8 0.0 46.5 2.6

February 51.086 71.3 0.7 47.4 2.7

March 102.144 70.9 0.8 46.4 2.7

April 90.667 70.2 1.5 47.7 2.6

May 57.741 71.0 2.6 49.5 2.8

June 15.970 70.8 4.9 52.1 2.8

July 33.353 76.4 12.4 54.8 2.8

August 52.045 75.6 24.9 48.9 2.7

September 51.579 73.5 34.6 53.8 3.0

Total 506.419 72.4 7.8 48.8 2.7
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population or 41% with people with a smartphone [20]. 
Among the contacted index cases 56.1% (n  = 284.282) 
accepted to answer additional questions on the use of the 
app. Among these cases, 28.2% (n = 80.010) reported that 
they had installed the Coronalert app, of which 43.3% 
(n = 34.651) reported that they had used the app to alert 
contacts after the positive test. The proportion of instal-
lation and usage remained stable throughout the study 
period and was the highest among the surveyed working 
population, 20–65 years old: 30.6% of those installed the 
app, of which 44.4% used it to warn their contacts.

Regarding the self-reported, most probable place of 
infection, 53.2% had a strong suspicion of the place where 
they could have been infected. Over the entire study 
period, the most common place of infection remained 
the household (47.5%). Travel and youth movements 
were more frequently reported during the summer holi-
days (week 26–35). Other settings that were reported 
were family or friends (15.9%), work (10.7%), and teenage 
activities (including schools) (9.1%). The evolution over 
time is given in Fig. 2.

The age of the HRC and index cases is presented in 
Fig.  3, showing the social dynamics. High-risk con-
tacts occur most often between people of the same age 
group. A generation gap, visible among groups that differ 
20–30 years, can be interpreted as contacts between par-
ents and children or other contacts with a person of the 
generation of ones parent or ones child.

Identification of high‑risk contacts (HRC)
Among the contacted index cases, 247.351 (48.8%) 
reported at least one HRC, and among those on aver-
age 2.7 HRC were reported (Table  1). At least 1 

non-household HRC was reported by 81.795 (16%) of 
the contacted index cases, and among those on average 
2.2 non-household HRC were reported. Overall, 666.869 
high-risk contacts (HRC) were reported of which 608.556 
(91.3%) were successfully contacted. An NRN was avail-
able for 573.418 HRC (94%). Table 2 illustrates the evolu-
tion of these numbers by month and the characteristics 
of the contacted HRC. From the HRC, 76.0% were con-
tacted the same day they were reported to the CC, 13.0% 
were contacted 1 day later and 8.7% were not reached.

Most HRC (66.5%) were household contacts and 14.5% 
reported having possible COVID-19 related symptoms at 
the moment of the interview. Overall 88.8% of the HRC 
with known NRN were tested at least once following the 
interview and the SAR among them was 27.4%. The SAR 
was significantly higher among household HRCs com-
pared to non-household contacts (33.8% CI:33.7–34.0 vs 
16.1% CI:15.9–16.3, p  < 0.001) and among symptomatic 
HRCs compared to asymptomatic HRCs (49.5% CI:49.1–
49.9 vs 23.9% CI:23.8–24.0, p < 0.001). Over the whole 
period, HRC, which were linked to an index case and reg-
istered as such in the tracing database, and for whom an 
NRN was available, represented 6.2% of all reported labo-
ratory tests and 24.0% of all new cases.

The impact of COVID‑19 vaccination
The evolution over time of the proportion of people 
fully vaccinated among index cases, high-risk con-
tacts, and the total Belgian population is shown in 
Fig.  4. At the end of September 2021, 73.1% of the 
population was fully vaccinated whereas this pro-
portion was 35.5% among the index cases and 59.1% 
among HRC.

Fig. 1 Mean duration of the onset of symptoms between the onset of symptoms and initiation of contact tracing by the contact center (CC), 
Belgium, January – September 2021 (N = 555.181)
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Between June 24, 2021, and August 31, 2021, the 
testing strategy was different depending on the HRC 
vaccination status (for fully vaccinated HRC, if the first 
test was negative, no second test was required). Since 
September 01, 2021, the testing strategy did no longer 
depend on the vaccination status: a first PCR test was 
required as soon as possible after identification as 
HRC, and a second test was required 7 days after the 
last exposure (if the first test was negative), or sooner 
if symptoms appeared (Supplementary Table 1).

The proportion of adult HRC that underwent a first 
or second test and the corresponding positivity ratio is 
summarized in Table 3, by vaccination status. The pro-
portion of HRC that got tested at least once was higher 
among the fully vaccinated compared to unvaccinated 
(92% CI:91.7–92.3 vs 85.2% CI:84.5–85.8). In contrast, 
the positivity ratio was significantly higher among the 
unvaccinated compared to the fully vaccinated HRC for 
both the first (27.4% CI:26.5–28.3 vs 8.8% CI:8.5–9.1, 
p < 0.001) and second test (19.9% CI:18.8–21.1 vs 9.3% 
CI:8.9–9.7, p  < 0.001). The in overall positivity ratio 
among unvaccinated HRC was also significant higher 
than among fully vaccinated HRC (37.4% CI:36.4–38.4 
vs 14.2% CI:13.8–14.5, p < 0.001).

Fig. 2 Self-reported places of infection among the index cases with strong suspicion, Belgium, January – September 2021. Color-scale depicts the 
distribution (%) over the categories within a week

Fig. 3 The age distribution of the high-risk contacts (HRC) for the 
different age groups of index cases, Belgium, January – September 
2021 (numbers represent row-percentages) (N = 562.129)
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Discussion
To interrupt onward COVID-19 transmission it is essen-
tial to swiftly identify cases with prompt identification of 
their exposed (high risk) contacts and the application of 
appropriate measures by cases and contacts. As the gen-
eration interval (the delay between an index case becom-
ing infected and passing on the infection to a secondary 
case) of COVID-19 has been reported to be on average 
around 4–5 days [21, 22] the whole process of contact 
tracing should be as quick as possible. Additionally, it has 
been shown that cases become infectious before symp-
tom onset, further reducing the time window to act if 
cases are identified after symptom onset [23–26].

The average delay between symptom onset and contact 
tracing initiation was around 5 days. This delay remained 
stable over the study period despite an increase in cases 
in March–April 2021. The longest delay is the time 
between the onset of symptoms and the consultation of a 
healthcare professional. The duration between the onset 
of symptoms and the testing by a healthcare professional 
is 3–4 days. This is slightly higher than the 2.8 days delay 
reported by France [27] but shorter than the 10.2 days by 
Brazil [28]. However, data is not available for many coun-
tries and comparison is difficult due to differences in the 
organization of the health care system and the epidemical 
situation when these studies were carried out.

Table 2 Numbers and characteristics of high-risk contacts (HRC), Belgium, January – September 2021

a Among HRC with documented household status (n = 540.457)
b Among HRC for which at least one test result is available (n = 509.201)

All HRC HRC with NRN

Month Number Contacted 
HRC (%)

HRC with 
NRN (%)

Symptomatic at 
contact with CC (%)

Household 
contact (%)a

Fully 
vaccinated (%)

The secondary 
attack rate (SAR) 
(%)b

January 61.936 94.2 87.6 16.3 69.0 0.1 28.0

February 64.245 94.1 87.5 17.2 67.9 0.6 30.6

March 126.325 91.3 84.7 17.8 65.4 2.1 31.2

April 111.521 89.0 83.2 15.5 63.3 3.7 33.0

May 78.989 90.7 79.4 13.3 65.4 5.8 26.2

June 23.139 92.1 88.6 10.2 69.4 11.2 20.5

July 50.130 88.1 87.4 9.4 61.3 33.1 19.0

August 67.916 91.0 89.9 10.9 68.8 47.5 24.2

September 82.668 92.3 90.9 13.6 71.3 55.8 22.2

Total 666.869 91.3 86.0 14.5 66.5 17.0 27.4

Fig. 4 The 7-day averaged proportion of fully vaccinated among the index cases, high-risk contacts, and the Belgian population, Belgium, January 
– September 2021



Page 7 of 10Proesmans et al. Archives of Public Health          (2022) 80:118  

Modeling studies indicate 4–5 days between symptom 
onset of the index case and contact tracing initiation as 
an important tipping point for contact tracing effective-
ness [29, 30]. Although efforts have been made to speed 
up the testing and tracing process to its maximum fur-
ther improvements are essential, in particular, shorten-
ing the time between symptom onset and a positive test 
result. Frequent and clear communication towards the 
general population about the importance of rapid testing 
is needed to stimulate the public to get tested as soon as 
possible when COVID-19 symptoms occur and respect 
immediate isolation awaiting the test result. Also, the 
threshold for testing needs to be kept as low as possible. 
Early November 2021, an online self-assessment ques-
tionnaire was implemented in Belgium allowing persons 
with mild symptoms to be tested without consultation 
[31]. This new tool could help to improve the speed of 
identification of cases and may also help to decrease the 
burden on traditional healthcare services by creating an 
alternative test circuit. Such solutions may need further 
exploration and assessment, not at least with variants 
having an even shorter incubation period [32] and con-
sidering the upcoming phase of transition towards more 
sustainable long-term prevention, control, and surveil-
lance strategies for SARS-CoV-2.

More than 9 out of 10 index cases were successfully 
contacted and most were contacted on the day of diag-
nosis. Similar results were obtained for HRC: more than 
9 out of 10 were contacted and 3 out of 4 were contacted 
the same day as the index case. This shows the high cov-
erage and operational efficiency of the contact tracing 
system. In addition, field agents could be deployed to visit 
at home index cases that could not be contacted by the 
contact center (not included in the results). Although 
the study period included the third wave, the results 
remained stable despite a strong dependency on human 
resources to conduct interviews. The system however 
remains susceptible to facing high volumes of cases at 

a short time, especially when rapid increases happen 
(“waves”). This can overload the system, and calling of 
all cases and HRC will become unfeasible. Less in-depth, 
more automated contact tracing techniques were pre-
pared (e.g. online self-reporting of HRC by index cases, 
inform HRC by SMS). The performance of such auto-
mated systems remains to be evaluated, but the lack of 
a human aspect might negatively affect contact tracing 
effectiveness.

Among the contacted index cases 72% reported symp-
toms. The proportion of asymptomatic cases (28%) is 
rather high compared to the range reported in other 
studies (17–25%) [33].

Cough, headache, and a runny nose were the symp-
toms most often reported. Anosmia was reported by 18% 
of the cases, which is at the lower end of the frequency 
reported in the literature [34]. However, our study lacks 
a follow-up of asymptomatic cases (only information 
about symptoms experienced at the time of interview 
were included) which may result in an overestimation of 
the asymptomatic fraction and self-reported symptoms 
are prone to social desirability bias [35]. Interestingly, the 
symptomatic proportion remained stable over the entire 
study period, despite different predominant lineages over 
time and the roll-out of the vaccination campaign in the 
general population in 2021.

Among the index cases that answered the questions on 
the Coronalert app, 28% reported that they had installed 
the Coronalert app, and 43% of the users reported that 
they had used the app to alert contacts after the positive 
test. These results are in line with the general statistics 
reported in Belgium on the app use. Digital proxim-
ity tracing via apps is a novel and promising measure to 
reduce the spread of COVID-19, with the potential to 
complement regular contact tracing and enhance con-
tact tracing effectiveness [30, 36]. However, a majority 
of citizens need to be willing to install and use such an 
app to be effective. The proposed uptake threshold of 

Table 3 Proportion of HRC tested once and twice among all HRC, and the corresponding positivity ratio by vaccination status, adult 
population (minimum 18 years), Belgium, September 1st and September 30th 2021 (T1 = first test, T2 = second test)

c Including the HRC of which the index case was sampled between September 1st and September 30th 2021. 1.165 HRC were excluded because of their partial 
vaccinated status

HRC Total HRC (tested and 
non‑tested)c

T1 tested T1 positive T2 tested T2 positive Total 
Positive 
HRC

Fully vaccinated N 38.575 35.491 3.124 20.478 1.901 5.025

% 100% 92.0 8.8 63.2 9.3 14.2

Unvaccinated N 10.779 9.181 2.512 4.637 922 3.434

% 100% 85.2 27.4 69.5 19.9 37.4

Total N 49.354 44.672 5.636 25.115 2.823 8.459

% 100% 90.5 12.6 64.3 11.2 18.9
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60% of the population remained unattainable in most 
countries [37–39]. Another limitation of the system is 
that the context (e.g. face-mask-wearing) of the possible 
exposure could not be taken into consideration in the 
system’s current form.

Among the index cases, only 49% reported HRC. This 
proportion might signal underreporting, but it should be 
taken into account that it is impacted by the index cases 
in collectivities (e.g. school, kindergarten, nursing home) 
and companies for which local contact tracing is car-
ried out for their contacts within that collectivity, which 
are not reported to the central contact center. Among 
the index cases that reported high-risk contacts, the 
mean number of HRC was around 2.7 and this number 
remained stable between January and September 2021. 
This appears to be low, especially taking into account the 
lifting of most nonpharmaceutical interventions impact-
ing social contacts since June 2021 [40]. On the other 
hand, several measures that could reduce the number of 
HRCs remained mandatory, e.g. mask-wearing in public 
transport and shops. The number of identified contacts 
in other countries varies widely with only 1.15 in the 
US, 1.4 in the UK, and more than 17 in Taiwan [37, 41, 
42]. Differences in nonpharmaceutical interventions, the 
definition of an HRC, the inclusion of low-risk contacts 
in the tracing system, coverage of the system, and com-
pliance of the population all impact these numbers. It is 
essential that index cases report all their contacts to max-
imize the effect of contact tracing activities. Sensitization 
of the general population would be needed to improve 
the awareness about the importance of reporting all con-
tacts and to find the willingness and trust to do so.

Our results support that contact tracing is a useful tar-
geted public health tool that effectively results in finding 
cases and presumably in an earlier phase than compared 
to a system that would only rely on symptom-based test-
ing and case finding. Overall the proportion of COVID-
19 cases that were previously identified as HRC was 
steady around 24%. This proportion may be an under-
estimation, partly due to some HRC not reporting their 
NRN (14%) as well as due to contact tracing in companies 
and collectivities not included in the central tracing sys-
tem. The latter may also have contributed to a possible 
overestimation of household transmission. Transmission 
at home was most often reported as the suspected place 
of infection by the index cases, 2 out of 3 reported HRC 
where household members and the SAR among house-
hold HRC was with 34% double as high as among non-
household HRC.

Testing and quarantine of HRC are crucial measures 
to reduce the risk of transmission and to identify newly 
exposed HRC whenever an HRC becomes an index 
case. Overall 89% of the HRC got tested at least once. 

We reported a high overall SAR of 27%, which is partly 
thanks to the double testing strategy of the HRC, as many 
cases were only identified during their second test. On 
the other hand, not all HRC were reported, leading to 
an overrepresentation of household members, who have 
a higher positivity rate. Nevertheless, even with a SAR 
of 16% among non-household HRC, our results suggest 
that contact tracing is an effective way of case finding as 
the reported HRC (with NRN) represented only 6% of all 
tests in Belgium but 24% of all new cases.

Data of the adult population between January and Sep-
tember 2021 also illustrates that vaccinated and unvac-
cinated people complied with the testing strategy as 
respectively 92% vs 85% were tested at least once. All 
HRC received an officially recognized quarantine certifi-
cate for the quarantine period, with information about 
the mandatory and recommended measures but the fol-
low-up of these measures is more difficult to evaluate.

In Belgium, the first vaccines were delivered on 28 
December 2020. The campaign continued, in different 
phases. By the end of September 2021, 73% of the gen-
eral population was fully vaccinated [43]. In contrast, 
only 36% of index cases were fully vaccinated at that time. 
The over-representation of unvaccinated persons among 
index cases is in line with the previously described pro-
tection of vaccination against infection among the Bel-
gium population [14]. The proportion of HRC fully 
vaccinated was also lower than the proportion of fully 
vaccinated persons in the general population. This dif-
ference may be explained by the fact that the largest pro-
portion of the unvaccinated population by the end of the 
study period were children and adolescents, who in gen-
eral had a higher incidence when vaccination increased 
in the general adult population, causing a higher num-
ber of high-risk contacts in unvaccinated, compared to 
the oldest age groups who have the highest vaccination 
coverages. Furthermore, there might be clustering due 
to household members or friends who may tend to have 
a similar vaccination status. SAR among unvaccinated 
HRC are two times higher compared to vaccinated HRC, 
illustrating the protection of vaccination against infection 
during the first 9 months of 2021.

Conclusion
Between January and September 2021, a robust system 
of contact tracing was in place in Belgium. The process 
of contact tracing, from a positive test of the index case 
to contact its HRC was mostly completed in a day. More 
than 90% of index cases and their HRC were contacted. 
Reduction of the delay between onset of illness and 
consultation can potentially further improve the effec-
tiveness of contact tracing. The high SAR and the high 
proportion of cases previously registered as HRC are 
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indications of effective early case detection through con-
tact tracing. This remained the case after the successful 
roll-out of the vaccination campaign in 2021. Contact-
tracing can be further improved by reducing the delay 
between onset of illness and medical consultation and 
an exhaustive reporting of HRC by all COVID-19 cases. 
Frequent and clear communication towards the general 
population about the importance of rapid testing and 
contact tracing and measures to keep the threshold for 
testing as low as possible are essential in this objective. 
Continued and enhanced data collection and analysis of 
contact tracing results can provide essential insight into 
this resource-intensive but important public health tool.

Abbreviations
COVID-19: Coronavirus disease 2019; HRC: High-risk contact; CC: Contact 
center.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13690- 022- 00875-6.

Additional file 1: Table S1. Overview of the main changes in SARS-
CoV-2 testing strategy in Belgium, January – September 2021. Table S2. 
Characteristics of COVID-19 index cases and high-risk contacts, Belgium, 
January – September 2021.

Acknowledgments
We would like to sincerely thank all healthcare workers, laboratories for contribut-
ing to the surveillance systems and providing valuable information about the epi-
demiology of COVID-19. This contributed greatly to the management of COVID-19 
in Belgium. We would also like to thank the colleagues of the healthdata.be 
platform of Sciensano for the collection and processing of the data. Finally, we 
would like to thank our colleagues from the vaccination team, Pierre Hubin, Chloé 
Thomas, Freek Haarhuis, Lucy Catteau for processing the vaccination data.

Authors’ contributions
KP, SH, and DVC drafted the manuscript. Statistical analysis and figures were 
performed by KP and TB. The data was interpreted and critically reviewed 
by SK, LC, ER, AD, FDL, RM, AD, NH, DW, KP, SH, DVC. The authors read and 
approved the final manuscript.

Funding
No specific funding for this study.

Availability of data and materials
The datasets supporting the conclusions of this article are available included 
within the article’s additional files.

Declarations

Ethics approval and consent to participate
For the data linkage and collection within the data-warehouse, Sciensano 
obtained an authorization from the Information Security Committee - Social 
Security and Health (ISC) to accomplish its research (See deliberation no. 
20/132 of May 3, 2020, November 3, 2020, and March 30, 2021).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Epidemiology and public health, Sciensano, Brussels, Belgium. 
2 European Centre for Disease Prevention and Control (ECDC), Stockholm, 
Sweden. 3 Agence pour une Vie de Qualité, Charleroi, Belgium. 4 Department 
of Infectious Disease Prevention and Control, Common Community Com-
mission, Brussels-Capital Region, Brussels, Belgium. 5 Ministry of the German-
speaking Community, Eupen, Belgium. 6 Agency for Care and Health, Infection 
Prevention and Control, Flemish Community, Brussels, Belgium. 

Received: 8 February 2022   Accepted: 31 March 2022

References
 1. Goethem NV, Vilain A, Wyndham-Thomas C, Deblonde J, Bossuyt N, 

Lernout T, et al. Rapid establishment of a national surveillance of COVID-
19 hospitalizations in Belgium [internet]. In review. 2020 Available from: 
https:// www. resea rchsq uare. com/ artic le/ rs- 53501/ v2.

 2. WHO Director-General’s opening remarks at the media briefing on 
COVID-19 - 11 March 2020. Available from: https:// www. who. int/ direc 
tor- gener al/ speec hes/ detail/ who- direc tor- gener al-s- openi ng- remar 
ks- at- the- media- brief ing- on- covid- 19% 2D% 2D- 11- march- 2020. [cited 
2021 Oct 16].

 3. Meurisse M, Lajot A, Dupont Y, Lesenfants M, Klamer S, Rebolledo 
J, et al. One year of laboratory based COVID-19 surveillance system 
in Belgium: Main indicators and performance of the laboratories. In 
review; 2021. Available from: https:// www. resea rchsq uare. com/ artic 
le/ rs- 417041/ v1.

 4. Historiek wijzigingen | Coronavirus Covid-19. Available from: https:// 
covid- 19. scien sano. be/ nl/ proce dures/ histo riek- wijzi gingen. [cited 
2021 Sep 27].

 5. Hellewell J, Abbott S, Gimma A, Bosse NI, Jarvis CI, Russell TW, et al. 
Feasibility of controlling COVID-19 outbreaks by isolation of cases and 
contacts. Lancet Glob Health. 2020;8:e488–96.

 6. Verrall DA. Rapid Audit of Contact Tracing for Covid-19 in New Zealand. :16.
 7. Maatregelen van de Nationale Veiligheidsraad van 24 april 2020 | Bel-

gium.be. Available from: https:// www. belgi um. be/ nl/ nieuws/ 2020/ maatr 
egelen_ van_ de_ natio nale_ veili gheid sraad_ van_ 24_ april_ 2020. [cited 
2021 Jul 14].

 8. Walrave M. Hoe staan we tegenover digitale contact tracing? Een inzicht 
in de acceptatie en het gebruik van de Coronalert app. :40.

 9. Jacob S, Lawarée J. The adoption of contact tracing applications of 
COVID-19 by European governments. Policy Des Pract. 2021;4(1):44–58.

 10. Lueks W, Benzler J, Bogdanov D, Kirchner G, Lucas R, Oliveira R, et al. 
Toward a common performance and effectiveness terminology for digital 
proximity tracing applications. Front Digit Health. 2021;3:94.

 11. Corona App Task Force. Coronalert: a distributed privacy-friendly contact 
tracing app for Belgium. KU Leuven; 2020; Available from: https:// www. 
esat. kuleu ven. be/ cosic/ sites/ corona- app/ wp- conte nt/ uploa ds/ sites/8/ 
2020/ 08/ coron alert_ belgi um_ descr iption_ v1_2. pdf.

 12. Monitoring and evaluation framework for COVID-19 response activities in 
the EU/EEA and the UK. :92.

 13. CDC. Health Departments. Cent Dis Control Prev. 2020; Available from: 
https:// www. cdc. gov/ coron avirus/ 2019- ncov/ php/ conta ct- traci ng/ conta 
ct- traci ng- plan/ conta ct- traci ng. html. [cited 2022 Feb 3].

 14. Braeye T, Cornelissen L, Catteau L, Haarhuis F, Proesmans K, De Ridder K, 
et al. Vaccine effectiveness against infection and onwards transmission 
of COVID-19: analysis of Belgian contact tracing data, January-June 2021. 
Vaccine. 2021;39:5456–60.

 15. European Centre for Disease Prevention and Control. Guidance for 
discharge and ending of isolation of people with COVID-19. 2020. 
Available from: https:// www. ecdc. europa. eu/ en/ publi catio ns- data/ 
covid- 19- guida nce- disch arge- and- ending- isola tion. [cited 2021 Oct 
31].

 16. Vaccinnet. Available from: https:// www. laatj evacc ineren. be/ vacci nnet. 
[cited 2021 Oct 16].

 17. Algemeen | Coronavirus Covid-19. Available from: https:// covid- 19. scien 
sano. be/ nl/ proce dures/ algem een. [cited 2021 Oct 31].

 18. European Centre for Disease Prevention and Control. Contact tracing in 
the European Union: public health management of persons, including 

https://doi.org/10.1186/s13690-022-00875-6
https://doi.org/10.1186/s13690-022-00875-6
https://www.researchsquare.com/article/rs-53501/v2
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19%2D%2D-11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19%2D%2D-11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19%2D%2D-11-march-2020
https://www.researchsquare.com/article/rs-417041/v1
https://www.researchsquare.com/article/rs-417041/v1
https://covid-19.sciensano.be/nl/procedures/historiek-wijzigingen
https://covid-19.sciensano.be/nl/procedures/historiek-wijzigingen
https://www.belgium.be/nl/nieuws/2020/maatregelen_van_de_nationale_veiligheidsraad_van_24_april_2020
https://www.belgium.be/nl/nieuws/2020/maatregelen_van_de_nationale_veiligheidsraad_van_24_april_2020
https://www.esat.kuleuven.be/cosic/sites/corona-app/wp-content/uploads/sites/8/2020/08/coronalert_belgium_description_v1_2.pdf
https://www.esat.kuleuven.be/cosic/sites/corona-app/wp-content/uploads/sites/8/2020/08/coronalert_belgium_description_v1_2.pdf
https://www.esat.kuleuven.be/cosic/sites/corona-app/wp-content/uploads/sites/8/2020/08/coronalert_belgium_description_v1_2.pdf
https://www.cdc.gov/coronavirus/2019-ncov/php/contact-tracing/contact-tracing-plan/contact-tracing.html
https://www.cdc.gov/coronavirus/2019-ncov/php/contact-tracing/contact-tracing-plan/contact-tracing.html
https://www.ecdc.europa.eu/en/publications-data/covid-19-guidance-discharge-and-ending-isolation
https://www.ecdc.europa.eu/en/publications-data/covid-19-guidance-discharge-and-ending-isolation
https://www.laatjevaccineren.be/vaccinnet
https://covid-19.sciensano.be/nl/procedures/algemeen
https://covid-19.sciensano.be/nl/procedures/algemeen


Page 10 of 10Proesmans et al. Archives of Public Health          (2022) 80:118 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

healthcare workers, who have had contact with COVID-19 cases – fourth 
update. 2021. Available from: https:// www. ecdc. europa. eu/ en/ covid- 19- 
conta ct- traci ng- public- health- manag ement. [cited 2022 Jan 28].

 19. R: The R Foundation. Available from: https:// www.r- proje ct. org/ found 
ation/. [cited 2021 Dec 4].

 20. Coronalert counter per 1 February 2022 – Tracing, testing & vaccination 
against COVID-19. Available from: https:// www. corona- track ing. info/ app/ 
coron alert- count er/. [cited 2022 Feb 3].

 21. Tang X, Musa SS, Zhao S, Mei S, He D. Using proper mean generation 
intervals in modeling of COVID-19. Front Public Health. 2021;9:759.

 22. Torneri A, Libin P, Tomba GS, Faes C, Wood JG, Hens N. On realized serial 
and generation intervals given control measures: the COVID-19 pan-
demic case. PLOS Comput biol. 2021;17:e1008892.

 23. Cheng H-Y, Jian S-W, Liu D-P, Ng T-C, Huang W-T, Lin H-H. Contact tracing 
assessment of COVID-19 transmission dynamics in Taiwan and risk at 
different exposure periods before and after symptom onset. JAMA Intern 
Med. 2020;180:1156–63.

 24. Ren X, Li Y, Yang X, Li Z, Cui J, Zhu A, et al. Evidence for pre-symptomatic 
transmission of coronavirus disease 2019 (COVID-19) in China. Influenza 
Other Respir Viruses. 2021;15:19–26.

 25. Hart WS, Maini PK, Thompson RN. High infectiousness immediately 
before COVID-19 symptom onset highlights the importance of contin-
ued contact tracing. eLife. 2021;10:e65534.

 26. He X, Lau EHY, Wu P, Deng X, Wang J, Hao X, et al. Temporal dynam-
ics in viral shedding and transmissibility of COVID-19. Nat Med. 
2020;26:672–5.

 27. Pullano G, Di Domenico L, Sabbatini CE, Valdano E, Turbelin C, Debin M, 
et al. Underdetection of cases of COVID-19 in France threatens epidemic 
control. Nature. 2021;590:134–9.

 28. Lima FET, de Albuquerque NLS, de SG FS, MGM F, APO Q, Lima GA, et al. 
Time interval between onset of symptoms and COVID-19 testing in 
Brazilian state capitals, August 2020. Epidemiol E Serviços Saúde. 2020;30 
Secretaria de Vigilância em Saúde - Ministério da Saúde do Brasil; . Avail-
able from: http:// www. scielo. br/j/ ress/a/ Rfyxj RBrqb D37MM Q9Yhs MYh/? 
lang= en. [cited 2022 Jan 17].

 29. Willem L, Abrams S, Libin PJK, Coletti P, Kuylen E, Petrof O, et al. The 
impact of contact tracing and household bubbles on deconfinement 
strategies for COVID-19. Nat Commun. 2021;12:1524.

 30. Kretzschmar ME, Rozhnova G, Bootsma MCJ, van Boven M, van de 
Wijgert JHHM, Bonten MJM. Impact of delays on effectiveness of contact 
tracing strategies for COVID-19: a modelling study. Lancet Public Health. 
2020;5:e452–9.

 31. Self Assessment Testing | Formulaire de Localisation du Passager. Avail-
able from: https:// travel. info- coron avirus. be/ fr/ formu laire/ sat. [cited 2021 
Dec 25].

 32. Assessment of the further spread and potential impact of the SARS-
CoV-2 Omicron variant of concern in the EU/EEA, 19th update. 2022;36.

 33. Occurrence and transmission potential of asymptomatic and presympto-
matic SARS-CoV-2 infections: A living systematic review and meta-analy-
sis. Available from: https:// journ als. plos. org/ plosm edici ne/ artic le? id= 10. 
1371/ journ al. pmed. 10033 46. [cited 2021 Nov 22].

 34. Carrillo-Larco RM, Altez-Fernandez C. Anosmia and dysgeusia in COVID-
19: a systematic review. Wellcome Open Res. 2020;5:94.

 35. Meyerowitz EA, Richterman A, Bogoch II, Low N, Cevik M. Towards an 
accurate and systematic characterisation of persistently asymptomatic 
infection with SARS-CoV-2. Lancet Infect Dis. 2021;21:e163–9.

 36. Kucharski AJ, Klepac P, Conlan AJK, Kissler SM, Tang ML, Fry H, et al. Effec-
tiveness of isolation, testing, contact tracing, and physical distancing on 
reducing transmission of SARS-CoV-2 in different settings: a mathemati-
cal modelling study. Lancet Infect Dis. 2020;20:1151–60.

 37. Lewis D. Why many countries failed at COVID contact-tracing — but 
some got it right. Nature. 2020;588:384–7.

 38. Bonner M, Naous D, Legner C, Wagner J. The (lacking) user adoption 
of COVID-19 contact tracing apps - insights from Switzerland and 
Germany; 2020.

 39. Digital contact tracing can slow or even stop coronavirus transmis-
sion and ease us out of lockdown. Available from: https:// www. resea 
rch. ox. ac. uk/ artic le/ 2020- 04- 16- digit al- conta ct- traci ng- can- slow- or- 
even- stop- coron avirus- trans missi on- and- ease- us- out- of- lockd own. 
[cited 2022 Jan 9].

 40. European Centre for Disease Prevention and Control. Guidelines for the 
implementation of non-pharmaceutical interventions against COVID-19. 
2020. Available from: https:// www. ecdc. europa. eu/ en/ publi catio ns- data/ 
covid- 19- guide lines- non- pharm aceut ical- inter venti ons. [cited 2021 Dec 
25].

 41. Spencer KD, Chung CL, Stargel A, Shultz A, Thorpe PG, Carter MW, et al. 
COVID-19 case investigation and contact tracing efforts from health 
departments — United States, June 25–July 24, 2020. Morb Mortal Wkly 
Rep. 2021;70:83–7.

 42. Jian S-W, Cheng H-Y, Huang X-T, Liu D-P. Contact tracing with digital 
assistance in Taiwan’s COVID-19 outbreak response. Int J Infect Dis. 
2020;101:348–52.

 43. Belgium COVID-19 Dashboard – Sciensano. Google Data Studio. Available 
from: http:// datas tudio. google. com/ repor ting/ c14a5 cfc- cab7- 4812- 848c- 
03691 73148 ab/ page/ hOMwB? featu re= openg raph. [cited 2021 Dec 4].

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.ecdc.europa.eu/en/covid-19-contact-tracing-public-health-management
https://www.ecdc.europa.eu/en/covid-19-contact-tracing-public-health-management
https://www.r-project.org/foundation/
https://www.r-project.org/foundation/
https://www.corona-tracking.info/app/coronalert-counter/
https://www.corona-tracking.info/app/coronalert-counter/
http://www.scielo.br/j/ress/a/RfyxjRBrqbD37MMQ9YhsMYh/?lang=en
http://www.scielo.br/j/ress/a/RfyxjRBrqbD37MMQ9YhsMYh/?lang=en
https://travel.info-coronavirus.be/fr/formulaire/sat
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1003346
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1003346
https://www.research.ox.ac.uk/article/2020-04-16-digital-contact-tracing-can-slow-or-even-stop-coronavirus-transmission-and-ease-us-out-of-lockdown
https://www.research.ox.ac.uk/article/2020-04-16-digital-contact-tracing-can-slow-or-even-stop-coronavirus-transmission-and-ease-us-out-of-lockdown
https://www.research.ox.ac.uk/article/2020-04-16-digital-contact-tracing-can-slow-or-even-stop-coronavirus-transmission-and-ease-us-out-of-lockdown
https://www.ecdc.europa.eu/en/publications-data/covid-19-guidelines-non-pharmaceutical-interventions
https://www.ecdc.europa.eu/en/publications-data/covid-19-guidelines-non-pharmaceutical-interventions
http://datastudio.google.com/reporting/c14a5cfc-cab7-4812-848c-0369173148ab/page/hOMwB?feature=opengraph
http://datastudio.google.com/reporting/c14a5cfc-cab7-4812-848c-0369173148ab/page/hOMwB?feature=opengraph

	COVID-19 contact tracing in Belgium: main indicators and performance, January – September 2021
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methodology
	Data sources
	Case definitions
	Data analysis

	Results
	Identification of index cases
	Identification of high-risk contacts (HRC)
	The impact of COVID-19 vaccination

	Discussion
	Conclusion
	Acknowledgments
	References


