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Abstract

Background: Current incidence estimates of SARS-CoV-2 in Germany rely to a large extent on case notifications.
However, the large number of mild or asymptomatic infections is likely to result in underestimation. Population-based
studies can provide valid estimates of the SARS-CoV-2 incidence and thus support health authorities to monitor the
epidemiological situation and to initiate, maintain, strengthen or relax effective countermeasures.

Methods: This study was conducted in Cologne, Germany. Six-thousand randomly drawn Cologne residents, 18 years
of age or older, were contacted by mail in March 2021. Study envelopes contained a kit for self-administered saliva
sample and access details to a questionnaire on sociodemographic characteristics, previous positive SARS-CoV-2 RT-
gPCR and completed COVID-19 vaccinations. Participants were again invited for a second round in June 2021, while
those who declined participation were replaced by additional randomly drawn Cologne residents in order to reach a
total of 6000 potential participants again. The saliva samples were sent to the laboratory by mail and tested for SARS-
CoV-2 using RT-gPCR. The incidence estimates were adjusted for sensitivity and specificity of the test procedure and
compared with the official numbers of new SARS-CoV-2 cases in the adult Cologne population.

Results: The first surveillance round in March 2021 (response rate: 34.08%, N = 2045) showed a SARS-CoV-2 seven-
day incidence of 85 cases per 100,000 adult Cologne residents (95% Cl: 9 to 319). In the same period, the officially
registered cases were 125 per 100,000. The second surveillance round in June 2021 (response rate: 36.53%, N =2192)
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showed a seven-day incidence of 27 per 100,000 adult Cologne residents (95% Cl: 1 to 142), while the official figures
for newly registered SARS-CoV-2 cases in the same period were 15 per 100,000.

Conclusions: The incidence estimates do not indicate relevant underestimation of new SARS-CoV-2 infections based
on case notification. Regular use of the surveillance method developed here may nevertheless complement the
efforts of the health authorities to assess the epidemiological situation.

Trial registration: DRKS.de, German Clinical Trials Register (DRKS), Identifier: DRKS00024046, Registered on 25 February 2021.
Keywords: Coronavirus, COVID-19, Pandemic, Surveillance, Incidence, Underestimation

Background

After its first appearance in December 2019 in Wuhan,
China, the novel coronavirus SARS-CoV-2 (Severe Acute
Respiratory Syndrome-Coronavirus-2) spread across the
globe in just a few weeks. In Germany, as in many other
countries, the government introduced drastic counter-
measures at an early stage of the pandemic in order to
avoid overburdening the health system and especially
the intensive care units. German politics and public
health authorities are assessing the current course of the
pandemic on the basis of various epidemiological indi-
ces and indicators. They are important aids when mak-
ing decisions about maintaining, tightening or releasing
countermeasures that have been initiated. The number of
newly confirmed SARS-CoV-2 infections within a speci-
fied period of time plays a crucial role among the key
epidemiological indicators of the pandemic. It is usually
reported as the accumulated number of positive SARS-
CoV-2 ‘Real Time quantitative Polymerase Chain Reac-
tion tests’ (RT-qPCR) over the past seven days and given
per 100,000 inhabitants of the general population [1, 2].
However, the accumulated number of positive SARS-
CoV-2 RT-qPCR within the last seven days per 100,000
inhabitants might be rather a rough approximation of
the true incidence of SARS-CoV-2. There is a risk that
the official bodies underestimate the true extent of the
spread of SARS-CoV-2 in the population on the basis of
the accumulated positive SARS-CoV-2 RT-qPCR within
the last seven days per 100,000 inhabitants [3-5].

The here presented ‘Cologne Corona Surveillance
(CoCoS) Study’ was carried out to examine the risk of
possible underestimation of the true incidence of SARS-
CoV-2 by the official figures. It used an active cluster
surveillance strategy in the city of Cologne, Germany, at
two time-points of the pandemic (March 2021 and June
2021). The study was planned and carried out in close
cooperation with the Cologne health authorities.

Methods

A detailed description of the study setting, design, sample
and procedure has already been published as study pro-
tocol [6]. In summary, we combined a cross-sectional and

longitudinal design. A random sample of 6000 Cologne
citizens who were 18years of age or older, was drawn
from the municipal-registration office. The study con-
sisted of two surveillance rounds (March 16 to March 29,
2021 and June 5 to June 18, 2021). All potential partici-
pants drawn in the sample received a participation pack-
age by post on March 16 and June 5, 2021. In addition to
the letter of invitation to take part in the study, the pack-
age contained a saliva sample kit and a pre-addressed,
stamped UN3373 envelope. The saliva sample kit con-
sisted of the saliva collection system, Salivette® [7]. This
system was recently validated as a method for self-col-
lection of saliva samples in order to test for SARS-CoV-2
[8]. To take part in the study, participants had to return
their saliva sample during the 14 days of each surveillance
round. For the second surveillance round, participants
who declined informed consent in the first surveillance
round were replaced in order to again reach 6000 poten-
tial participants. The newly invited participants were
drawn from a second sampling from the municipal-reg-
istration office.

Data on non-participation was collected. Basic soci-
odemographic characteristics of the non-participants can
be described, as these data were recorded as part of the
sampling from the municipal-registration office. In addi-
tion, non-participants were asked to provide reasons for
not participating in the study. The invitation letter pro-
vided for the following options to be ticked: ‘I do not con-
sider the topic to be important’/‘l do not want to spend
any time on the topic / I do not want to take the saliva
sample’/‘] have concerns about data protection’ Non-par-
ticipants could also indicate other reasons in a free text
field.

Laboratory analysis

The participants’ saliva samples were analysed at the Uni-
versity of Cologne, Faculty of Medicine and University
Hospital Cologne, Institute of Virology. All laboratory
methods have also been described in detail in the study
protocol that has already been published [6]. In brief, we
determined SARS-CoV-2 using RT-qPCR in a pool of
each 10 samples, containing one ml of pooled saliva. For
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SARS-CoV-2 detection, either the COBAS 6800 (Roche
Diagnostics) or Alinity m (Abbott) instruments equipped
with their respective SARS-CoV-2 detection kits were
used. One ml of each sample of a positive pool were
re-tested individually as described above. In a recently
published meta-analysis, the sensitivity of RT-qPCR
from saliva samples for the detection of SARS-CoV-2
was quantified as 83.2% (95% CI 74.7 - 91.4%) compared
with the gold standard (RT-qPCR from nasopharyn-
geal swab) [9]. The specificity of the test methods used
here is close to 100% [10]. Given the low prevalence of
SARS-CoV-2 in the population, specificity is of central
importance with regard to the accuracy of prevalence
and incidence estimates [11]. In the present study, three
positives were identified from a total of 4237 tests. Even
if all of these had been false positive, this would still cor-
respond to a specificity of the test method of 99.93% (95%
CI99.79-99.99%).

For analysis of the variants of SARS-CoV-2 positive
samples, 500 ul of saliva were used to purify nucleic acids
with the MagNa Pure 96 automatic nucleic acid extrac-
tion instrument and the Viral NA large volume kit. One-
hundred pl were used for elution. Of the extracted RNA,
5l were used in a qPCR using the VirSNip SARS-CoV-2
Spike A23063T N501Y, del21765-770 del HV69/70 and
G23012A E484K assay according to the manufacturer’s
instructions (TIBMolBiol, Berlin, Germany). Melting
analyses were performed in a LightCycler® 480 II (Roche
Diagnostics).

Positive SARS-CoV-2 PCR tests are notifiable in Ger-
many. Accordingly, the participants who tested posi-
tive were reported to the authorities, who immediately
informed them about their infection and initiated
appropriate quarantine measures. The participants were
informed in detail about this procedure as part of the
consent to participate.

Questionnaire

Complementing the saliva sample, the participants were
asked to share study-related data in a questionnaire
during both surveillance rounds of the study. The par-
ticipants could fill out the questionnaire independently
online or with the help of the study team via telephone
interview. A detailed description of the questionnaire can
be found in the previously published study protocol [6].
The analytical focus in this article includes the sociode-
mographic items of the questionnaire, such as gender,
age, school education, employment status, primary citi-
zenship, number of household members, as well as items
on statements of previous positive SARS-CoV-2 PCR-
tests and possibly completed Corona Virus Disease 19
(COVID-19) vaccinations.
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Statistical analysis

Statistical analysis was performed using SPSS (IBM
Corp., Version 26.0, Armonk, NY, USA) and the statisti-
cal software R (R Foundation for Statistical Computing,
Vienna, Austria). The absolute and relative frequencies of
basic sociodemographic characteristics of the two sam-
ples of 6000 potential participants each were determined
using the sampling data from the municipal-registration
office. The absolute and relative frequencies of the more
in-depth sociodemographic information from the ques-
tionnaire were determined for each of the two partici-
pant samples. The sociodemographic information of the
potential participants and the participant samples were
compared with the official statistics of the city of Cologne
on Cologne’s adult general population. These data are
open source [12].

From the information provided by the participants on
previous positive PCR-tests for SARS-CoV-2, the propor-
tion of participants who had gone through an infection
was estimated for each of the two surveillance rounds.
Weighting was given for the Cologne districts. Districts
that were below the detection limit were estimated with
0.499 positive cases. We found this statistical measure to
be necessary to improve the accuracy of our study data,
as statistically the true incidence in those districts was
slightly under our detection level, rather than zero. The
estimates of the cumulative cases were compared with
the official data up to the day before the beginning of the
respective surveillance round (March 15 and June 4, 2021).
These data were made available by the health authorities of
the City of Cologne upon our request. The requested data
are provided in the Supplementary Material to this article.
The absolute and relative frequencies of the information
provided by the participants on COVID-19 vaccinations
were calculated for each sample of the two rounds of sur-
veillance. These were compared with the official statistics
of the Robert-Koch-Institute on Cologne’s adult general
population up to the beginning of the respective surveil-
lance round (up to March 15/June 4, 2021). These data are
open source [13].

The prevalence of SARS-CoV-2 infections was esti-
mated as the quotient of the positives and the total sample
of participants in each surveillance round and adjusted
for the sensitivity and specificity of the test method using
a Bayesian approach [14]. From the prevalence, the inci-
dence was estimated as the rate of new cases per day by
dividing by the average duration of illness of a SARS-
CoV-2 infection [15]. In their review, Walsh and col-
leagues [16] recently state that the average duration of
illness for mild to moderate disease courses is around
10days. From the estimate of the new cases rate per day,
a 7-day incidence per 100,000 participants was calcu-
lated by multiplying the incidence estimate by 7 days and
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100,000 inhabitants. These figures were compared with
the official information that the health authorities of the
City of Cologne made available to us on request (these
data are also provided in the Supplementary Material to
this article). The mean values of the daily new infections
officially registered in the adult Cologne general popula-
tion during the 14-day study periods (March 16 to 29 and
June 5 to 18, 2021) were used as a basis for the compari-
son with the incidence estimates obtained from the study.

Results

Study recruitment

The study flow chart is shown in Fig. 1. The reasons why
276 (11.89%) of the 2322 participants who gave their con-
sent to the first surveillance round of the CoCoS study,
did not submit a valid saliva sample were incorrect han-
dling of the Salivette® saliva sample system, forgetting to
pack the sample in the return envelope and sending the
sample back only after the end of the surveillance round.
Two-hundred-seven of the 3678 potential participants
who decided not to part in the first surveillance round,
made use of the opportunity to give reasons for not tak-
ing part (for most common reasons see Table 1).

The participants from the first surveillance round were
also invited to the second surveillance round in June
2021. The total number of re-contacted persons from
the first surveillance round for participation in the sec-
ond round was 2321. They correspond to 38.68% of the
6000 potential participants contacted for the second sur-
veillance round. In order to fill the number of potential
participants for the second surveillance round to 6000
Cologne citizens, a further 3679 (61.32%) were randomly
drawn from the general adult population of Cologne.

Of the 2321 people from the first round who were also
invited to the second round, 1499 (64.60%) gave their
consent to participate in the second surveillance round
of the study. Of the people who were newly invited to
the second round, 27.21% gave their consent to partici-
pate. The reasons why 308 (12.32%) of 2500 people who
gave their consent to participation in the second surveil-
lance round, did not provide a valid saliva sample were
incorrect handling of the Salivette® saliva sample system,
forgetting to pack the sample in the return envelope and
sending the sample back only after the end of the exami-
nation round.

Ninety-six of the 3499 potential participants in the sec-
ond surveillance round who decided not to participate
in the study gave reasons for not participating. (for most
common reasons see Table 1).

It is worth mentioning that not only the new partici-
pants, but also those who had already participated in the
first round, received detailed instructions on how to col-
lect saliva with the Salivette® system. In this way, failures
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due to errors in the collection of saliva should be further
reduced. Of the 276 people who had agreed to participate
in the first round but had not given a valid saliva sample,
140 people (50.72%) took part in the second round. Of
these 140 people, 101 people (72.14%) submitted a valid
saliva sample for the second round.

Description of the study participants
Sociodemographic characteristics and SARS-CoV-2 spe-
cific information of the 6000 randomly drawn citizens of
Cologne invited to participate in each of the two surveil-
lance rounds (potential participants), of the actual partic-
ipants in both surveillance rounds, as well as of the adult
general population of Cologne is summarized in Table 2.
In both surveillance rounds, the actual participants of
the CoCoS study were reasonably representative of the
general adult population with regard to gender, age, size
of household, employment status, and past SARS-CoV-2
infections. However, the actual participants in both sur-
veillance rounds of the CoCoS study had a higher level of
schooling than the general adult population in Cologne
(74.52%/75.32% versus 55.00% with High school gradu-
ation). Moreover, people from Cologne with primary
citizenship other than German were underrepresented
among the actual participants in both surveillance
rounds of the CoCoS study (7.38%/5.70% versus 20.32%
with primary citizenship other than German). In the sec-
ond surveillance round, the proportion of actual partici-
pants who had already been vaccinated were higher than
in the adult general population of Cologne (vaccinated
once: 79.82% versus 49.00%, vaccinated twice: 33.68%
versus 21.22%) (for official figures concerning vaccination
rates in Cologne see [13]).

Prevalence and incidence of SARS-CoV-2

In the first surveillance round of the CoCoS study, three
of the 2045 participants tested positive for SARS-CoV-2
(viral loads (measured in E-gene Ct values): 28, 29, and
36, SARS-CoV-2 variants: two times Alpha variant, one
could not be determined because of a low viral load).
None of the participants who tested positive in this study
had previously been vaccinated against the SARS-CoV-2
virus. Two of the three infected individuals were already
known to the health authorities. The infected person
unknown to the health authorities was informed imme-
diately and reported to the health authorities.

For the first surveillance round of the CoCoS study,
the estimated prevalence of SARS-CoV-2 infections cor-
rected for the sensitivity and specificity of the laboratory
tests was 0.122% of the adult Cologne population, with
a 95% confidence interval ranging from 0.013 to 0.457%.
From this, based on a disease duration estimate of ten
days [16], the incidence of new SARS-CoV-2 infections
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First surveillance round

Inhabitants of Cologne, >18
years of age (N =913,009)

v
Randomly generated
sample (n = 6,000)

100%

Written informed consent

A 4
Written informed consent
provided (n = 2,322)

39%

not provided (n = 3,678)

No valid saliva sample

A 4
Valid saliva sample
provided (n = 2,046)

34%

provided (n = 276)

Withdrawal of consent after

A 4
Data analysis first round
(n =2,045)

34%

completion of study (n=1)

Did not declare consent in
first round but asked to

participate in second round
(n=5)

Did not want to participate in

second round (n = 6)

Randomly generated sample

(n=3,679)

Written informed consent
not provided (n = 3,499)

Withdrawal of consent given
at round one (n=1)

No valid saliva sample

Second surveillance round
100% Sample ( N = 6,000) |4—
A4
Written informed consent
429
» provided (n = 2,500)
\4
Saliva Sample provided
37% (n=2,192)
(Second round sample)
Data analysis second round
0,
37% (n=2,192)

provided (n = 308)

Fig. 1 Flow chart of enrolment and testing at each surveillance round

per day was estimated to be 0.0122% with a 95% con-
fidence interval that ranges from 0.0013 to 0.0457%.
The conversion to a 7-day incidence resulted in 85 per
100,000 inhabitants with a 95% confidence interval rang-
ing from 9 to 319 per 100,000 inhabitants. From March
16 to March 29, 2021, the health authorities reported

an average case notification rate of 125 per 7days per
100,000 inhabitants.

Corrected for the sensitivity and specificity of the lab-
oratory test, a prevalence estimate of 0.038% was calcu-
lated for the second surveillance round of the study with
a 95% confidence interval ranging from 0.001 to 0.0202%.
The resulting incidence estimate is accordingly 0.0038%
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Table 1 Most common reasons for non-participation stated in the tick boxes and the free text field of the invitation letter
First surveillance round:
Reasons Number of Counts Percent-
age of 207
stated
reasons
Tick Answers Did not want to undergo saliva sampling 42 20.29%
Did not want to spend as much time on the topic 26 12.56%
Data privacy concerns 25 12.08%
Did not think the topic was important 6 2.90%
Free text field answers Medical and health issues (not associated with COVID-19) 21 10.14%
High age 13 6.28%
Longer stay outside Cologne 10 4.83%
Taking regular tests for SARS-CoV-2 infection 9 4.35%
No access to internet / No technical equipment 8 3.86%
Too much effort 8 3.86%
General criticism of the study 8 3.86%
Already vaccinated 6 2.90%
Second surveillance round:
Reasons Number of Counts Percent-
age of 96
stated
reasons
Tick Answers Did not want to undergo saliva sampling 15 15.63%
Did not want to spend as much time on the topic 12 12.50%
Data privacy concerns 7 7.29
Did not think the topic was important 3 3.13%
Free text field answers Medical and health issues (not associated with COVID-19) 12 12.50%
Already vaccinated 10 10.42%
Longer stay outside Cologne 8 8.33%
Personal reasons 4 4.17%
Missed deadline for participation 4 4.17%
High age 3 3.13%
No access to internet/No technical equipment 3 3.13%
No acceptance of gender-sensitive language 3 3.13%

with a 95% confidence interval of 0.0001 to 0.0202%. The
conversion to a 7-day incidence estimate resulted in 27
per 100,000 inhabitants with a 95% confidence interval
that ranges from 1 to 142.From June 5 to 18, 2021, the
health authorities reported an average case notification
rate of 0.0021% or a 7-day case notification rate of 15 per
100,000 inhabitants.

Discussion

The here presented CoCoS study provides two SARS-
CoV-2 incidence estimates for two very different phases
of the pandemic (high incidence phase in March 2021
and low incidence phase in June 2021) obtained from ran-
domly drawn population samples. The estimates of the
incidence of new SARS-CoV-2 infections per day derived
from the results of the study were close to the officially
registered cases. In the first round of surveillance, the

7-day incidence estimate was even slightly below the
7-day incidence based on the officially registered cases, at
85 versus 125 cases per 100,000 inhabitants. In the sec-
ond surveillance round, the 7-day incidence estimate was
slightly higher than the 7-day incidence based on the offi-
cially registered cases, at 27 versus 15 cases per 100,000
inhabitants. These findings do not indicate underestima-
tion of the true incidence on the basis of the officially reg-
istered cases, as has been shown in other studies [17, 18].

The confidence intervals for the incidence estimates
are very wide reflecting low precision of incidence esti-
mates. To narrow down confidence intervals in future
surveillance rounds sample size could be increased. This
could be achieved with increasing the response rate. The
response rates in each round (38.68 and 41.67%, respec-
tively) are comparable to the response rates from similar
studies [19, 20]. However, alternative and easier to handle
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Table 2 Sociodemographic characteristics and SARS-CoV-2 specific information of the CoCoS study participants (first and second
round) compared to the potential participants and to the general adult Cologne population

General adult Potential Participants CoCoS Potential Second
Cologne population participants round #1 participants examination CoCoS
CoCoS round #1 round #2 study

Sample

Participants (18yrs. or olden)' 913,009 100% 6000 100% 2045 34.08% 6000 100% 2192 36.53%
Gender®

Female 470,577 51.54% 3090 51.51% 1088  53.20% 3086 51.44% 1189 54.24%
Age?

18-34years (%) 270,538 29,63% 1795 29.92% 518 25.33% 1662 27.70% 506 23.08%

35-59years old (%) 388,678 42,57% 2560  4267% 951 46.50% 2640 44.01% 996 45.44%

60-74years old (%) 153,890 16,86% 1007 16.79% 418 20.44% 1095 18.25% 474 21.62%

75 years or older (%) 99,903 10,94% 637 10.62% 158 7.73% 602 10.04% 216 9.85%
No. of household members

Average 913,009 1.88 NA NA 1580 236 NA NA 1689 232

1-2 438,859 77.68% NA NA 1055  66.77% NA NA 1158  68.56%

3-4 106,314 18.82% NA NA 455 28.80% NA NA 472 27.95%

5 or more 19,800 3.50% NA NA 70 4.43% NA NA 59 3.49%

Missing values® - - - - 465 22.74% - - 503 22.95%
School education

No school leaving certificate 36,520 4.00% NA NA 8 0.50% NA NA 8 0.46%

Secondary school diploma 374,333 41.00% NA NA 400 24.99% NA NA 419 24.22%

High school graduation 502,155 55.00% NA NA 1193 74.52% NA NA 1303 75.32%

Missing values® - - - - 444 21.71% - - 462 21.08%
Employment status

Student/apprenticeship 122,849 13.46% NA NA 163 9.85% NA NA 161 9.10%

Employed 582,613 63.81% NA NA 971 58.71% NA NA 1025 57.91%

Self-employed NA NA NA NA 179 10.82% NA NA 201 11.36%

Retired NA NA NA NA 243 14.69% NA NA 288 16.27%

Unemployed 45,225 4.60% NA NA 38 2.23% NA NA 40 2.26%

Other? NA NA NA NA 60 3.63% NA NA 60 3.40%

Missing Values® - - - - 391 19.12% - - 422 19.25%
Primary citizenship®

German 727,503 79.68% 4677 77.96% 1894 92.62% 5039 84.00% 2067 94.30%

other than German 185,506 20.32% 1322 22.04% 151 7.38% 960 16.00% 125 5.70%
Cumulative SARS-CoV-2 cases

Start of the pandemic until March 14, 2021 32,119 3.52% NA NA 67 371% NA NA NA NA

[2.78, 4.64%)]
Start of the pandemic until June 6, 2021 46,195 5.06% NA NA NA NA NA NA 90 4.61%

[3.60, 5.61%)]
Vaccination rate until March 15, 2021

Vaccinated at least once 82,718 9,06% NA NA 159 9.66% NA NA NA NA
Vaccinated twice 39,684 4.35% NA NA 59 3.58% NA NA NA NA
Not vaccinated 839,291 90.94% NA NA 1487 90.34% NA NA NA NA
Missing Values® NA NA NA NA 399 19.51% NA NA NA NA
Vaccination rate until June 4, 2021
Vaccinated at least once 529,248 57,97% NA NA NA NA NA NA 1396 79.82%
Vaccinated twice 220,987 24.20% NA NA NA NA NA NA 589 33.68%
Not vaccinated 383,761 42.03% NA NA NA NA NA NA 353 20.18%
Missing Values® NA NA NA NA NA NA NA NA 443 20.21%

2 Information obtained directly from the population register

b While the percentages on the variables expressed relate to the respondents of the respective questionnaire item, the percentages on the missing values relate to the
sample (N =2045/N =2192)
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methods for taking saliva samples, such as the ‘lollipop
method’ [21], are currently evaluated for self-adminis-
tered use [22] and could increase the response rates in
future surveillance rounds.

A striking observation is that the response rate was sig-
nificantly lower among first time invitees of the second
round compared to the first round (27.21% versus 38.68%).
Since the procedure for recruiting new potential partici-
pants was identical in the first and second round, exter-
nal factors seem likely to be the explanation. During the
period of the first investigation, comprehensive and free
of charge SARS-CoV-2 tests were not yet accessible for all
citizens. The free PCR testing in the study may therefore
have been an incentive to participate. This assumption is
supported by the feedback from the non-participants in
the first round who explain their non-participation with
the possibility of regular tests apart from the study. When
the second surveillance round was carried out, test cen-
tres were introduced everywhere in Cologne, where every
citizen could be tested easily and free of charge. In addi-
tion, a large part of the Cologne population was already
vaccinated in the second round, which, according to the
feedback of non-participants, was often cited as a reason
for not taking part in the second round.

If the incentive of cost-free testing no longer works
due to the citywide development of test centres and the
increasing spread of COVID-19 vaccinations, other
incentives could stabilize and expand the response rate
in future surveillance rounds. While monetary incen-
tives are effective but often not affordable and difficult
to implement in the context of population-based stud-
ies, the response rate can be increased significantly
with simple non-material incentives [23]. An effective
non-material incentive is the feeling of participating
in a meaningful study [24]. The invitation letter for the
CoCoS study contained extensive information on the
study procedure, the voluntary nature of participation,
contact persons for queries and data protection, as well
as instructions for taking the saliva sample. Possibly more
information about the importance of the study as part
of effective countermeasures to contain the pandemic
would have increased the response rate even further.
In future rounds, the relevance of the study should be
stressed in the invitation letter.

Reminders to participate are commonly seen as the
most important factor in increasing the response rate of
postal surveys [25]. Future surveillance rounds could send
postcards or other means like text-messages (if phone-
number or e-mail address is available) to the potential
participants during the second half of the 14-day surveil-
lance period to remind them of the study and ask them to
participate. This is all the more important that especially
those potential participants who would otherwise remain
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under-represented are motivated to participate through
reminder campaigns [26].

The CoCoS study combined cross-sectional and lon-
gitudinal design. The same approach has been taken,
for example, by the Robert-Koch-Institute (RKI), the
German national public health institute [27]. Partici-
pants of previous waves are invited to continue, and
drop-out is filled-up by new, randomly selected persons.
This approach proved to be successful in terms of the
response rate. While only 27.21% of those newly invited
to the second surveillance round took part, 64.60% of
those who were re-invited also took part in the second
round. The approach not only to invite the people with
consent to participate and a valid saliva sample to the
second round, but all people who declared their partici-
pation in the first round (including those with consent
but missed to send a valid saliva sample), proved to be
successful. Most of the participants who did not submit
a valid saliva sample for the first round took part in the
second round and then managed to submit a valid saliva
sample. This is presumably due to the detailed instruc-
tions on how to collect the saliva sample that were given
not only to the newly invited potential participants, but
also to the re-invited potential participants in the second
round. In future rounds, however, only those participants
who did not submit a valid saliva sample in the previous
round could receive detailed instructions on how to take
saliva samples again and not all re-invited participants
in general. In this way, printing and paper costs could be
saved and the reading effort for the other re-invited par-
ticipants could be reduced.

The rolling cohort design also has disadvantages. Selec-
tion effects can increase from round to round and threat
the representativeness of the study sample. The validity
of the incidence estimates depends on the representative-
ness of the sample. Such a trend cannot be seen in the data
from the first to the second surveillance round. However,
of the 6,000 randomly drawn citizens of Cologne who
were invited to take part in the study and who represented
potential participants, only their name, address, age, and
gender were available. These data could be obtained from
the population register. Since only some of these poten-
tial participants eventually took part in the study, no fur-
ther data on the potential participants could be obtained.
This applies to the size of the household, school educa-
tion, employment status and primary citizenship, as well
as past positive PCR tests or previous COVID-19 vac-
cinations. The lack of this data does not allow any reli-
able conclusions to be drawn about possible selection
effects. If the monitoring system developed as part of the
CoCoS study is to be permanently established, a sentinel
cohort should, however, be established that is representa-
tive of the population and that is regularly examined. As
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an incentive to be included in this sentinel cohort, the
great importance could be placed in the foreground non-
materially and / or material monetary incentives could be
pointed out (e.g., regular health check-ups, information of
the current course of the pandemic).

A critical examination of the representativeness of
the participant samples in the two surveillance rounds
shows that the participants differed from the general
adult population in Cologne, especially in terms of level
of school education and primary citizenship. Correla-
tions between the level of education and the probability
of a SARS-CoV-2 infection have already been reported
for the Cologne area. It was also shown that SARS-CoV-2
infections are more common in Cologne districts with a
high proportion of people with primary citizenship other
than German [28]. Therefore, the under-representation
of persons with lower levels of school education and
of non-German citizens of Cologne could indicate an
underestimation of the incidence in our study. One rea-
son for the under-representation of people with lower
school education in the participant sample could have
been the length of the invitation letter. The letter of invi-
tation is eight pages in its current form. The amount of
text could put off less educated potential participants. A
shorter and more concise version, perhaps with easy lan-
guage, could motivate Cologne citizens with less school
education to participate. In order to attract more people
from Cologne with primary citizenship other than Ger-
man to participate in future rounds, a reference to a cor-
responding website in the mother tongues of the largest
groups of foreigners in Cologne could be included in the
invitation letter. To support a low threshold access to
studies like CoCoS, multilingual options or cooperation
with the city’s office for integration could be considered.

The vaccination quota of the participants in the first
round was similar to the officially reported vaccination
quota for Cologne. In the second round, however, the
participants had a markedly higher vaccination rate than
officially reported [13]. The significantly higher vaccina-
tion rate in the participant sample of the second surveil-
lance round, compared with the official figures, could
represent an actual difference to the normal population.
This would be problematic as it can lead to biases in the
incidence estimates. Vaccinated people can still carry the
SARS-CoV-2 virus. However, they become ill less often,
for a shorter period of time and less severely than those
who have not been vaccinated [29]. Furthermore, the
Robert Koch Institute recently published a report on this
with its own surveys in which it assumes 10% and more
vaccinations are not reported [30]. Another risk of bias
caused by the higher proportion of vaccinated people
in the study sample is difference in behaviour and atti-
tudes towards non-pharmacological measures to prevent
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infections and exposure to SARS-CoV-2 that are associ-
ated with the COVID-19 vaccination status. Some evi-
dence suggests that those willing to be vaccinated also
show greater compliance to non-pharmacological meas-
ures [31]. However, other findings suggest that completed
COVID-19 vaccinations do not change behaviours that
prevent infection or tend to decrease somewhat [32].

One limitation of the study is that it only includes peo-
ple over the age of 18. Children and adolescents play an
important role in the spread of SARS-CoV-2, especially
due to the lack of approved vaccines or vaccinations that
have not yet achieved full coverage [33, 34]. However,
children and adolescents represent a special clientele
who could hardly be reached with a mail-based surveil-
lance strategy conceived here. As part of the nationwide
research network “Applied Surveillance and Testing”
(B-FAST), research on SARS-CoV-2 surveillance for
under and over 18-year olds were subdivided. The pro-
cedure of the surveillance strategy developed for children
and adolescents was based on testing in kindergartens
and schools and first results have been published and can
be read there [21]. In future surveillance rounds, the here
applied mail-based surveillance strategy for adults and
the surveillance strategy based on visits in kindergartens
and schools should be combined to get a clear picture of
the COVID-19 situation.

Another limitation of the CoCoS study are the peri-
ods of the two surveillance rounds of 14 days each. Since
the incidence of SARS-CoV-2 can fluctuate consider-
ably within 14days and the probabilities of detecting
acute SARS-CoV-2 infections change, this constitutes
another limitation. The surveillance strategy developed
here, however, assumes a fixed incidence or simplifies
the actual procedure in which all samples are taken on
the same day. This brings additional bias in the estimate
of the incidence. The establishment of a sentinel surveil-
lance cohort, who know the processes well, could enable
the investigation period to be further restricted to up to
3days. This would significantly increase the accuracy of
the estimate and the comparison with the official figures.

Further, without blood drawing in surveys like ours, SARS-
CoV-2 antibodies cannot be determined, hence it remains
unclear how many participants already gone through a
SARS-CoV-2 infection. Therefore, no statement can be made
about possible underestimation of cumulative cases.

Conclusion

The official numbers from the health authorities were
within the 95% confidence interval of the incidence
estimates determined in the study in both surveillance
rounds. Nevertheless, regular application of the surveil-
lance method developed here could complement the
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efforts of health authorities to assess the epidemiological
situation. Regular surveillance or monitoring of popu-
lation-based samples may give useful indicators both of
distribution and determinants of SARS-CoV-2 infections.
On the one hand, the official registration of infection is
to a large extent based on symptomatic cases only, thus
giving rise to potential underreporting, the detection of
which was key objectives of our study. On the other hand,
non-response in random population-based samples can
bias the results in both directions. Thus, we suggest that
both designs shall be used complementary to each other.
Our data complement statistics from health authori-
ties to support the local implementation or adaptation
of countermeasures in order to control or contain the
spread of SARS-CoV-2 infection. To narrow down confi-
dence intervals a larger number of people invited into the
study could be effective. Moreover, incentives, remind-
ers to participate, and an easier to handle saliva sampling
method should be used to increase the response rate.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-022-13745-1.

[ Additional file 1. }

Acknowledgements

The authors would like to thank all participants in the study for providing us
with their saliva samples and for filling out our questionnaire. We thank all
members of the technical staff of the department of virology for sample pro-
cessing. We thank the City of Cologne (Stadt Kéln) for support with drawing
the random sample of Cologne residents, Daniela Rehburg for practical sup-
port with study planning, Jana Schmitz for designing the laboratory analysis
plan, and Katharina Braeger for help with manuscript formatting. We thank
Jeremy Franklin for his proofreading and valuable scientific advice.

Authors’ contributions

LMP RR, KS, JS, EH, FD, CM, CL, MB, AW, GF, GW, FK, MH, KDR, FN, and MO have
been responsible for the development of the trial. MO implemented the trial
and was trial manager. JS, EH, FD, CM and FK planned and carried out the
laboratory analyses. MO, LMP, MH, KS and FN have written the manuscript. FD,
RR, CL, MB, AW, GF, GW, KDR, and LS contributed to the manuscript develop-
ment and provided scientific expertise. MH, KS, FN and MO designed the
statistical procedures. All authors read and approved the final manuscript.

Funding

Open Access funding enabled and organized by Projekt DEAL. German
Federal Ministry of Education and Research (“Nationales Netzwerk Univer-
sitdtsmedizin”grant number 01KX2021). The funding bodies did not play a role
in the design of the study and collection, analysis, nor in interpretation of data
or in writing the manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study has been approved by both the Ethics Committee of the Medical
Faculty of the University of Cologne (reference number 20-1685_2) and that
of the North Rhine Medical Association (reference number 2020447). All

Page 10 of 11

methods were carried out in accordance with relevant guidelines and regula-
tions. The trial was registered at www.drks.de (ID: DRKS00024046) prior to
recruitment. Participants were informed about the risks and potential benefits
of the study. Participation was voluntary. Written informed consent was
obtained from all participants.

Consent for publication
Not applicable.

Competing interests
None of the authors have any competing interests to declare.

Author details

'Institute of Medical Statistics and Computational Biology, Medical Faculty
and University Hospital Cologne, University of Cologne, Robert-Koch-Stral3e
10, 50931 Cologne, Germany. 2Institute of Virology, Medical Faculty and Uni-
versity Hospital Cologne, University of Cologne, First-Plickler-Stral3e 56,
50935 Cologne, Germany. >Department of Internal Medicine, Medical Faculty
and University Hospital Cologne, University of Cologne, Kerpener Str. 62,
50931 Cologne, Germany. “Cologne Health Authority, Cologne, Germany.
°Heidelberg Institute of Global Health, University Heidelberg, Heidelberg, Ger-
many. %School of Medicine and Clinical Sciences, Levy Mwanawasa Medical
University, Lusaka, Zambia.

Received: 22 November 2021 Accepted: 28 June 2022
Published online: 19 July 2022

References

1. WHO Coronavirus (COVID-19) Dashboard. https://covid19.who.int/.

2. Robert-Koch-Institute COVID-19 Dashboard. https://experience.arcgis.
com/experience/478220a4c454480e823b17327b2bf1d4.

3. Schmid R. Nachweis von SARS-CoV-2-Infektionen - Corona-Tests: Ldsst sich
die Laborkapazitat erweitern? In: ArzteZeitung. Springer Medizin. 2020.
https://www.aerztezeitung.de/Wirtschaft/Corona-Tests-Laesst-sich-die-
Laborkapazitaet-erweitern-412402.html. Accessed 15 Nov 2021.

4. Mizumoto K, Kagaya K, Zarebski A, Chowell G. Estimating the asympto-
matic proportion of coronavirus disease 2019 (COVID-19) cases on board
the Diamond Princess cruise ship, Yokohama, Japan, 2020. Euro Surveill.
2020;25(10):2000180.

5. Sah P, Fitzpatrick MC, Zimmer CF, Abdollahi E, Juden-Kelly L,
Moghadas SM, et al. Asymptomatic SARS-CoV-2 infection: a
systematic review and meta-analysis. Proc Natl Acad Sci U S A.
2021;118(34):2109229118.

6. Oberste M, Pusch LM, Roth R, Shah-Hosseini K, Dewald F, Muller C, et al.
Protocol of the Cologne Corona surveillance (CoCoS) study- a prospec-
tive population-based cohort study. BMC Public Health. 2021;21(1):1295.

7. Sarstedt AG & Co. KG. Salivette Manual. https://www.sarstedt.com/filea
dmin/user_upload/99_Broschueren/Deutsch/156_Salivette_D_0813.pdf.
Accessed 15 Nov 2021.

8. Melo Costa M, Benoit N, Dormoi J, Amalvict R, Gomez N, Tissot-Dupont
H, et al. Salivette, a relevant saliva sampling device for SARS-CoV-2 detec-
tion. J Oral Microbiol. 2021;13(1):1920226.

9. Butler-Laporte G, Lawandi A, Schiller |, Yao M, Dendukuri N, McDonald
EG, et al. Comparison of saliva and nasopharyngeal swab nucleic acid
amplification testing for detection of SARS-CoV-2: a systematic review
and Meta-analysis. JAMA Intern Med. 2021;181(3):353-60.

10. COVID-19 Infection Survey: methods and further information. https://
www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/
conditionsanddiseases/methodologies/covid19infectionsurveypilotmet
hodsandfurtherinformation#test-sensitivity-and-specificity. Accessed 21
Nov 2021.

11. Sempos CT, Tian L. Adjusting coronavirus prevalence estimates for labora-
tory test kit error. Am J Epidemiol. 2021;190(1):109-15.

12. Stadt KéIn - Zahlen und Statistik. https://www.stadt-koeln.de/politik-und-
verwaltung/statistik/. Accessed 3 Dec 2021.

13. COVID-19-Impfungen_in_Deutschland. https://github.com/robert-koch-
institut/COVID-19-Impfungen_in_Deutschland/blob/master/Aktuell_
Deutschland_Landkreise_COVID-19-Impfungen.csv. Accessed 21 Nov
2021.


https://doi.org/10.1186/s12889-022-13745-1
https://doi.org/10.1186/s12889-022-13745-1
http://www.drks.de
https://covid19.who.int/
https://experience.arcgis.com/experience/478220a4c454480e823b17327b2bf1d4
https://experience.arcgis.com/experience/478220a4c454480e823b17327b2bf1d4
https://www.aerztezeitung.de/Wirtschaft/Corona-Tests-Laesst-sich-die-Laborkapazitaet-erweitern-412402.html
https://www.aerztezeitung.de/Wirtschaft/Corona-Tests-Laesst-sich-die-Laborkapazitaet-erweitern-412402.html
https://www.sarstedt.com/fileadmin/user_upload/99_Broschueren/Deutsch/156_Salivette_D_0813.pdf
https://www.sarstedt.com/fileadmin/user_upload/99_Broschueren/Deutsch/156_Salivette_D_0813.pdf
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/methodologies/covid19infectionsurveypilotmethodsandfurtherinformation#test-sensitivity-and-specificity
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/methodologies/covid19infectionsurveypilotmethodsandfurtherinformation#test-sensitivity-and-specificity
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/methodologies/covid19infectionsurveypilotmethodsandfurtherinformation#test-sensitivity-and-specificity
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/methodologies/covid19infectionsurveypilotmethodsandfurtherinformation#test-sensitivity-and-specificity
https://www.stadt-koeln.de/politik-und-verwaltung/statistik/
https://www.stadt-koeln.de/politik-und-verwaltung/statistik/
https://github.com/robert-koch-institut/COVID-19-Impfungen_in_Deutschland/blob/master/Aktuell_Deutschland_Landkreise_COVID-19-Impfungen.csv
https://github.com/robert-koch-institut/COVID-19-Impfungen_in_Deutschland/blob/master/Aktuell_Deutschland_Landkreise_COVID-19-Impfungen.csv
https://github.com/robert-koch-institut/COVID-19-Impfungen_in_Deutschland/blob/master/Aktuell_Deutschland_Landkreise_COVID-19-Impfungen.csv

Oberste et al. BMC Public Health (2022) 22:1379

14. Easy-to-use means for Bayesian Prevalence Estimation under Misclas-
sification (in short, BayesPEM). http://shiny.bfrbund.de/apps/bayespem/.
Accessed 21 Nov 2021.

15. Bonita R, Beaglehole R, Kjellstrom T, Organization WH: Basic Epidemiol-
ogy. Geneva: World Health Organization; 2006.

16. Walsh KA, Spillane S, Comber L, Cardwell K, Harrington P, Connell J, et al.
The duration of infectiousness of individuals infected with SARS-CoV-2. J
Inf Secur. 2020;81(6):847-56.

17. Dashboard zur Gutenberg COVID-19 Studie. https://www.unimedizin-
mainz.de/GCS/dashboard/#/. Accessed 22 Nov 2021.

18. Pritsch M, Radon K, Bakuli A, Le Gleut R, Olbrich L, Guggenbuehl Noller
JM, et al. Prevalence and risk factors of infection in the representative
COVID-19 cohort Munich. Int J Environ Res Public Health. 2021;18(7).

19. Corona-Monitoring lokal - Eckdaten fur Straubing. https://www.rki.de/
DE/Content/Gesundheitsmonitoring/Studien/cml-studie/Factsheet_
Straubing.html. Accessed 18 Nov 2021.

20. Corona-Monitoring lokal - Eckdaten fiir Berlin-Mitte. https:.//www.rki.de/
DE/Content/Gesundheitsmonitoring/Studien/cml-studie/Factsheet_
Berlin-Mitte.html. Accessed 18 Nov 2021.

21. Joachim A, Dewald F, Suarez |, Zemlin M, Lang |, Stutz R, et al. Pooled
RT-gPCR testing for SARS-CoV-2 surveillance in schools - a cluster ran-
domised trial. EClinicalMedicine. 2021,39:101082.

22. Concordance Between Buccal Cavity Swab and Nasopharyngeal Swab
for SARS-CoV-2 (COVID-19) Detection by RT-PCR and ELISA. https://clini
caltrials.gov/ct2/show/NCT04732637. Accessed 18 Nov 2021.

23. Church AH. Estimating the effect of incentives on mail survey response
rates: a Meta-analysis. Public Opin Q. 1993;57(1):62-79.

24. Nakash RA, Hutton JL, Jorstad-Stein EC, Gates S, Lamb SE. Maximising
response to postal questionnaires--a systematic review of randomised
trials in health research. BMC Med Res Methodol. 2006;6:5.

25. Dillman DA: Mail and Internet Surveys: The Tailored Design Method --
2007 Update with New Internet, Visual, and Mixed-Mode Guide. Hoboken:
Wiley; 2011.

26. Messer BL, Dillman DA. Surveying the general public OVER the internet
using address-based sampling and mail contact procedures. Public Opin
Q.2011;75(3):429-57.

27. Kamtsiuris P, Lange M, Hoffmann R, Schaffrath Rosario A, Dahm S, Kuh-
nert R, et al. The first wave of the German health interview and examina-
tion survey for adults (DEGS1): sample design, response, weighting and
representativeness. Bundesgesundheitsblatt Gesundheitsforschung
Gesundheitsschutz. 2013;56(5-6):620-30.

28. Zwischenergebnisse im Projekt »CorASiV«. https://www.iais.fraunhofer.
de/de/geschaeftsfelder/healthcare-analytics/fraunhofer-projekte-coras
iv-und-coperimoplus/download-corasiv-zwischenergebnisse.html.
Accessed 22 Nov 2021.

29. Levine-Tiefenbrun M, Yelin |, Katz R, Herzel E, Golan Z, Schreiber L, et al.
Initial report of decreased SARS-CoV-2 viral load after inoculation with
the BNT162b2 vaccine. Nat Med. 2021;27(5):790-2.

30. Robert-Koch-Institut. COVID-19 Impfquoten-Monitoring in Deutschland:
Robert-Koch-Institut; 2021. www.rki.de.

31. Brailovskaia J, Schneider S, Margraf J. To vaccinate or not to vaccinate!?
Predictors of willingness to receive Covid-19 vaccination in Europe, the
U.S. and China. PLoS One. 2021;16(12):20260230.

32. Goldszmidt R, Petherick A, Andrade EB, Hale T, Furst R, Phillips T, et al. Pro-
tective behaviors against COVID-19 by individual vaccination status in 12
countries during the pandemic. JAMA Netw Open. 2021;4(10):e2131137.

33, Gaythorpe KAM, Bhatia S, Mangal T, Unwin HJT, Imai N, Cuomo-Dan-
nenburg G, et al. Children’s role in the COVID-19 pandemic: a systematic
review of early surveillance data on susceptibility, severity, and transmissi-
bility. Sci Rep. 2021;11(1):13903.

34, Dattner |, Goldberg Y, Katriel G, Yaari R, Gal N, Miron Y, et al. The role of
children in the spread of COVID-19: using household data from Bnei Brak,
Israel, to estimate the relative susceptibility and infectivity of children.
medRxiv. 2020;3(10.1101):2020-06.

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

Page 11 of 11

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

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 . BMC



http://shiny.bfr.bund.de/apps/bayespem/
https://www.unimedizin-mainz.de/GCS/dashboard/#/
https://www.unimedizin-mainz.de/GCS/dashboard/#/
https://www.rki.de/DE/Content/Gesundheitsmonitoring/Studien/cml-studie/Factsheet_Straubing.html
https://www.rki.de/DE/Content/Gesundheitsmonitoring/Studien/cml-studie/Factsheet_Straubing.html
https://www.rki.de/DE/Content/Gesundheitsmonitoring/Studien/cml-studie/Factsheet_Straubing.html
https://www.rki.de/DE/Content/Gesundheitsmonitoring/Studien/cml-studie/Factsheet_Berlin-Mitte.html
https://www.rki.de/DE/Content/Gesundheitsmonitoring/Studien/cml-studie/Factsheet_Berlin-Mitte.html
https://www.rki.de/DE/Content/Gesundheitsmonitoring/Studien/cml-studie/Factsheet_Berlin-Mitte.html
https://clinicaltrials.gov/ct2/show/NCT04732637
https://clinicaltrials.gov/ct2/show/NCT04732637
https://www.iais.fraunhofer.de/de/geschaeftsfelder/healthcare-analytics/fraunhofer-projekte-corasiv-und-coperimoplus/download-corasiv-zwischenergebnisse.html
https://www.iais.fraunhofer.de/de/geschaeftsfelder/healthcare-analytics/fraunhofer-projekte-corasiv-und-coperimoplus/download-corasiv-zwischenergebnisse.html
https://www.iais.fraunhofer.de/de/geschaeftsfelder/healthcare-analytics/fraunhofer-projekte-corasiv-und-coperimoplus/download-corasiv-zwischenergebnisse.html
http://www.rki.de

	Results of the Cologne Corona surveillance (CoCoS) study – a prospective population-based cohort study: incidence data and potential underestimation of new SARS-CoV-2 adult infections by health authorities
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Laboratory analysis
	Questionnaire
	Statistical analysis

	Results
	Study recruitment
	Description of the study participants
	Prevalence and incidence of SARS-CoV-2

	Discussion
	Conclusion
	Acknowledgements
	References


