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Results of the Cologne Corona Surveillance (CoCoS) project
- a cross-sectional study: Survey data on nonadherence
to recommended individual behaviours for SARS-CoV-2

pandemic containment

Ergebnisse des Cologne Corona Surveillance(CoCoS)-Projekts - eine
Querschnittsstudie: Umfragedaten zur Nichteinhaltung empfohlener

individueller Verhaltensweisen zur Eindammung der

SARS-CoV-2-Pandemie

Abstract

Background: To curb SARS-CoV-2 transmission, citizens were urged to
get vaccinated and adhere to hygiene recommendations (keeping dis-
tance, washing hands, wearing face masks), as well as informing con-
tacts if infected. Studies confirm the effectiveness of these measures
in reducing virus spread. Understanding factors influencing nonadher-
ence is vital for enhancing the efficacy of future pandemic education
campaigns.

Methods: An online survey assessed nonadherence to SARS-CoV-2
containment recommendations among 30,000 randomly selected Co-
logne residents aged 18 or older. Invitations were sent on December 7,
2022, with the survey open until January 7, 2023. Logistic regression
analyzed associations between participants’ sociodemographic, health,
and virus-related characteristics and reported nonadherence to recom-
mended behaviors.

Results: Out of 30,000 invited Cologne residents, 4,486 (15%) respond-
ed, with 10% reporting not having received recommended SARS-CoV-2
vaccination. Nonadherence correlated significantly with older age, male
gender, low income, living alone, migrant background, and chronic lung
disease. 80% reported not adhering to current hygiene recommenda-
tions, linked to younger age, absence of certain pre-existing conditions,
and prior SARS-CoV-2 infection. Additionally, 16% reported hesitancy
in informing all contacts upon testing positive, associated with male
gender, absence of certain pre-existing conditions, and fewer booster
doses.

Conclusion: The results presented here point to which sociodemographic,
health, and virus-related factors are associated with nonadherence to
recommended individual behaviors to mitigate the SARS-CoV-2 pandem-
ic. However, issues related to the representativeness of the sample for
the general population limit the validity of the results.

Trial registration: DRKS.de, German Clinical Trials Register (DRKS),
identifier: DRKS00024046, registered on 25 February 2021

Keywords: SARS-CoV-2, vaccination, countermeasures, hygiene, contact
tracing, surveys and questionnaires

Zusammenfassung
Hintergrund: Um die Ubertragung von SARS-CoV-2 einzuddmmen, wur-

den die Burger aufgefordert, sich impfen zu lassen und die Hygieneemp-
fehlungen zu befolgen (Abstand halten, Hande waschen, Alltagsmasken
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tragen) sowie Kontaktpersonen zu informieren, wenn sie infiziert sind.
Studien bestatigen die Wirksamkeit dieser MafSnahmen zur Verringerung
der Virusausbreitung. Um die Wirksamkeit kiinftiger Pandemieaufkla-
rungskampagnen zu verbessern, ist es wichtig, die Faktoren zu verste-
hen, die die Nichteinhaltung beeinflussen.

Methodik: Eine Online-Umfrage untersuchte die Nichteinhaltung der
Empfehlungen zur Einddmmung von SARS-CoV-2 unter 30.000 zufallig
ausgewahlten Kolner Burgerinnen und Birgern ab 18 Jahren. Die Ein-
ladungen wurden am 7. Dezember 2022 verschickt, und die Umfrage
war bis zum 7. Januar 2023 geodffnet. Mittels logistischer Regression
wurde der Zusammenhang zwischen den soziodemografischen, gesund-
heitlichen und virusbezogenen Merkmalen der Teilnehmerinnen und
Teilnehmern und der angegebenen Nichteinhaltung der empfohlenen
Verhaltensweisen analysiert.

Ergebnisse: Von 30.000 eingeladenen Kélnerinnen und Kélnern antwor-
teten 4.486 (15%), wobei 10% angaben, die empfohlene SARS-CoV-2-
Impfung nicht erhalten zu haben. Die Nichtbefolgung korrelierte signifi-
kant mit hdherem Alter, mannlichem Geschlecht, niedrigem Einkommen,
Alleinleben, Migrationshintergrund und chronischer Lungenerkrankung.
80% gaben an, sich nicht an die aktuellen Hygieneempfehlungen zu
halten, was mit jingerem Alter, dem Fehlen bestimmter Vorerkrankun-
gen und einer fruheren SARS-CoV-2-Infektion zusammenhing. Dartber
hinaus gaben 16% an, dass sie zogerten, alle Kontaktpersonen nach
einem positiven Test zu informieren, was mit dem mannlichen Ge-
schlecht, dem Fehlen bestimmter Vorerkrankungen und weniger Auffri-
schungsimpfungen zusammenhing.

Schlussfolgerung: Die hier vorgestellten Ergebnisse deuten darauf hin,
welche soziodemografischen, gesundheitlichen und virusbezogenen
Faktoren mit der Nichteinhaltung der empfohlenen individuellen Verhal-
tensweisen zur Eindammung der SARS-CoV-2-Pandemie in Zusammen-
hang stehen. Die Aussagekraft der Ergebnisse wird jedoch durch Pro-
bleme im Zusammenhang mit der Reprasentativitat der Stichprobe fur
die Aligemeinbevolkerung eingeschrankt.

Registrierung der Studie: DRKS.de, Deutsches Register Klinischer
Studien (DRKS), Identifikator: DRKS00024046, registriert am 25. Fe-
bruar 2021

Schliisselwoérter: SARS-CoV-2, Impfung, Gegenmafinahmen, Hygiene,
Ermittlung von Kontaktpersonen, Erhebungen und Fragebdgen

Mwanawasa Medical
University, Lusaka, Zambia

Introduction

Since outbreak in 2019, coronavirus disease 2019
(COVID-19) has had a significant global impact on socie-
ties, economies, and public health. As of March 2024,
approximately 38.4 million infections and 175 thousand
deaths have been recorded in Germany alone [1]. These
figures highlight the challenge posed by the virus and the
importance of identifying and implementing effective in-
fection control measures.

To reduce the spread of the virus, people in Germany
were asked to adapt their personal behaviour according
to expert recommendations. They were invited to take
free SARS-CoV vaccinations [2] and advised to follow
standard hygiene recommendations and, if possible, to
inform all contacts if they were infected with SARS-CoV-2
[3], [4], [B]. In early stages of the COVID-19 pandemic,
more extensive measures were taken, such as school
closures, lockdowns and social distancing, as well as re-

strictions on public life, to prevent the transmission of
the virus [6].

The Standing Commission on Vaccination (STIKO) in
Germany provides evidence-based expert recommenda-
tions on vaccination against SARS-CoV-2. These recom-
mendations are tailored based on previous vaccinations
or infections, age and previous illnesses [7]. The Robert
Koch Institute, the German government’s central agency
for disease surveillance and prevention, provided recom-
mendations for personal hygiene to protect oneself and
others from SARS-CoV-2 infection. Recommendations
included keeping distance, washing hands regularly, and
wearing a mask [3]. Using the first letters of the German
words for these three hygiene measures, this recommen-
dation was disseminated throughout Germany in various
campaigns under the acronym AHA [4]. Individuals who
knew they were infected with SARS-CoV-2 were asked to
notify all contacts they had been in touch with during and
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2-3 days before symptom onset, if possible, to facilitate
testing and self-isolation if positive [6].

Studies show that adherence to expert vaccination recom-
mendations for SARS-CoV-2, personal hygiene measures
[8], [9], and informing contacts of infection [10] can ef-
fectively contain and slow the spread of the virus. In
contrast to restrictions on public life, such as facility
closures, retail stores, cultural venues, and restaurants,
the responsibility for implementing these measures in
Germany has largely fallen on citizens during this phase
of the pandemic. Nonadherence has never been sanc-
tioned by the government. Given the voluntary nature of
these measures, understanding factors associated with
nonadherence is crucial. This knowledge can inform tar-
geted campaigns to promote the uptake of appropriate
measures and their importance in future pandemics.
This study examines potential associations between so-
ciodemographic, health, and virus-related (previous infec-
tions, vaccinations) and self-reported nonadherence to
recommended individual behaviors for SARS-CoV-2 pan-
demic containment. Data from the fourth round of the
Cologne Corona Surveillance Project (CoCoS), a large
cross-sectional survey conducted between December
2022 and January 2023, were utilized for this analysis.

Methods
Setting

The survey was conducted in Cologne, Germany, the
largest city in North Rhine-Westphalia with a population
of 1.08 million, and the fourth largest in Germany [11].
At the time of the survey, 482 thousand PCR-confirmed
cases had been reported in Cologne, and approximately
1,150 people had died from or with the virus [12]. The
survey was conducted during the sixth wave of COVID-19,
which was dominated by Omicron’s BA.5 subline [13].
Countermeasures to protect from infection are specified
for the city of Cologne by the government of North Rhine-
Westphalia and locally operationalized by a municipal
committee [14]. At the time of the survey, masks were
mandatory on public transportation and in health care
facilities.

Study design

The study, conducted from 7 December, 2022, to 7 Jan-
uary, 2023, is a cross-sectional study. The survey is the
fourth round of the CoCoS project, which is conducted by
the University Hospital of Cologne in cooperation with the
Health Department of the City of Cologne. Previous rounds
set different research priorities and some results have
already been published [15], [16], [17], [18]. The imple-
mentation of the study has been approved by the
Ethics Committee of the University Hospital of Cologne
and the North Rhine Medical Association. The study is
registered in the German Clinical Trials Register (ID:
DRKS00024046).

Sample

Consenting individuals had to meet the following inclusion
criteria to participate in the survey: primary residence in
Cologne and age of 18 years or older. No other exclusion
criteria applied.

Study procedures and data collection

A random sample of 30,000 Cologne residents was se-
lected from the municipal registration office using a ran-
dom generator in the official registration management
program (MESO, HSH Soft- und Hardware Vertriebs GmbH,
16356 Ahrensfelde OT Lindenberg). Participants were
contacted by post, provided with study details, and given
a QR code and online survey link. Participants could
complete the survey on a PC, tablet or smartphone. In-
formation on data protection, survey duration, and the
option to withdraw consent at any time was provided.
Clicking a button provided consent and launched the
survey.

Questionnaire

The questionnaire first collected basic participant infor-
mation including age, sex, height and weight. Participants
rated their income as low, medium or high and if they
had a migrant background as well as the number of
household members. Further they were asked if they
currently had any of the following conditions: hyperten-
sion, diabetes, cardiovascular disease, chronic lung dis-
ease, an immunodeficiency (yes vs. no), a current or
previous cancer diagnosis (yes vs. no). We further inquired
previous SARS-CoV-2 infections (yes vs. no) and vaccina-
tion status against SARS-CoV-2 (yes vs. no). Participants
also reported previous SARS-CoV-2 infections and vacci-
nation status, providing details on infection episodes,
diagnostic test used (citizen test, self-test, RT-PCR test),
and dates of first and last infection. Regarding
SARS-CoV-2 vaccination, they were asked whether they
had ever been vaccinated and, if so, whether they had
received a basic vaccination or a basic vaccination and
one or more booster vaccinations so far. The date of first
and last vaccination was asked.

Hygiene adherence to AHA rules (keep distance, wash
hands regularly, wear a face mask) was assessed. Addi-
tionally, participants indicated their willingness to inform
contacts if testing positive for SARS-CoV-2, choosing from
options including: “No, nobody”, “Few”, “Some”, “Many”,
and “Yes, as far as possible all”.

Definitions

SARS-CoV-2 infection was confirmed through positive
rapid antigen detection test and/or RT-PCR result.
Vaccination status included categories of unvaccinated,
basic vaccinated, one booster, or multiple boosters. Pre-
existing conditions required physician confirmation, with
obesity (yes vs. no) defined as a body mass index (BMI)
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of 230 kg/m2 according to World Health Organization
(WHO) criteria [19], calculated from reported body weight
and height. Migrant background referred to the participant
or at least one parent not having been born in Germany
[20].

The first outcome in the analysis was nonadherence to
the STIKO COVID-19 vaccination recommendations, in-
cluding basic and booster vaccination for individuals aged
between 18 and 59, and second booster for those over
60 years of age or at increased risk of severe disease
progression. Occupational vaccination recommendations
were not collected in this study. The STIKO defined dis-
eases with an increased risk of a severe course of
COVID-19, including the conditions surveyed in this study
and obesity. Infection with SARS-CoV-2 and vaccination
were considered equally immunogenic. Furthermore, if
an infection event occurred less than three months before
or after vaccination, both events were considered as one
immunologijcal event. If the infection event occurred more
than three months before or after a vaccination, it was
considered a separate immunologic event. Booster vac-
cinations were supposed to be given more than six
months after a previous vaccination or infection unless
immunodeficiency is present. In the presence of immu-
nodeficiency, the recommended interval between booster
vaccination and the previous vaccination or infection was
supposed to be three months [7].

Nonadherence to hygiene recommendations was defined
as nonadherence to the so-called ‘AHA rules’ [21] and is
therefore widely known accordingly. Nonadherence was
considered if a participant answered “no” to any of the
three hygiene recommendations.

Adherence to notify all contacts in case of a positive test
result was indicated by selecting “Yes, as far as possible
all” in the survey. Correspondingly, nonadherence was
defined as all other response options to this survey
question.

Statistical analysis

Absolute and relative frequencies of sociodemographic
characteristics, health-related, and SARS-CoV-2 specific
information were determined in the analyzed datasets.
Data on the population of Cologne were obtained from
official city statistics and used for comparison to assess
cohort representativeness [22], [23].

Outcome variables included nonadherence to STIKO re-
commendations, nonadherence to hygiene rules (AHA
rules), and nonadherence to notifying all contacts after
a positive SARS-CoV-2 test. Logistic regression was used
to examine associations between each outcome variable
and sociodemographic, health, and virus-related vari-
ables. The following sociodemographic variables were
included in the analysis: age (continuous), sex, self-report-
ed income, personal living situation, and migrant back-
ground. The following health and virus-related variables
were included into the analysis: obesity, hypertension,
diabetes, cardiovascular disease, chronic lung disease,
currentimmunodeficiency, cancer currently being treated

or treated in the last year, vaccination status, and previ-
ous infections.

Univariable and multivariable logistic regression were
performed for each outcome variable. Variables with at
least five events in each variable category were included.
Prior to multivariable logistic regression, multicollinearity
was assessed using the variance inflation factors (VIF)
of all variables considered. Variables with VIF>5 were
excluded. The multivariable analyses were performed as
both a full model and a selected-model, employing step-
wise backward selection based on a significance level of
p>.10 (Wald statistic). Reported p-values are two-tailed,
with p<0.05 considered statistically significant. No adjust-
ments were made for multiple testing (thus accepting a
possibly increased false-positive rate) to retain statistical
power.

Calculations and figures were performed using SPSS
Statistics (IBM Corp., version 29.0.0.0, Armonk, NY, USA),
R (R Foundation for Statistical Computing, version 4.3.0,
Vienna, Austria), Excel (Microsoft Corp., Redmond, WA,
USA), and PowerPoint (Microsoft Corp., Redmond, WA,
USA) software.

Results

Sample characteristics

Out of 30,000 invited individuals for the fourth round of
the CoCoS project, 4,486 (14.95%) gave written informed
consent. Those with missing or implausible data regarding
the outcome variable or other analyzed variables were
excluded. Consequently, distinct complete case analysis
datasets were created for each outcome. The study re-
cruitment flowchart and generation of the three analysis
datasets are depicted in Figure 1.

Description of study participants

Table 1 provides a detailed description of the study parti-
cipants, divided into three analysis data sets and com-
pared with known characteristics of the Cologne popula-
tion. A statistical comparison between the three data sets
revealed no significant differences across analyzed vari-
ables (p=.668-.999, see Table 1). Therefore, statements
regarding representativeness apply uniformly to all data
sets.

The samples are representative in terms of age and sex,
but participants with a migrant background were under-
represented compared to the Cologne population. While
37.9% of the Cologne population over 18 years of age
has a migrant background, this proportion ranged from
15.6% to 16.0% in the analysis data sets. The vaccination
rate in the study sample was significantly higher than in
the Cologne population. While 18.5% of the Cologne
population had received more than one booster dose,
the rate in the study population ranged from 50.1% to
50.4%. In contrast, 9.1% of the Cologne population had
not been vaccinated. In the data sets analyzed, the rate
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Figure 1: Overview of the recruitment for the fourth round of the CoCoS project, the selection of the cohorts up to the datasets

eventually analyzed here
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Table 1: Sociodemographic characteristics, health-related and SARS-CoV-2 specific information of the analyzed cohorts compared

to the general adult Cologne population
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(Continued)
Table 1: Sociodemographic characteristics, health-related and SARS-CoV-2 specific information of the analyzed cohorts compared

to the general adult Cologne population
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was only 1.3% to 1.5%. Direct comparison of infection
rates was not feasible because official statistics only re-
cord PCR-confirmed cases. No official data were available
to compare pre-existing conditions, self-reported income,
and personal living conditions.

Nonadherence to recommended
individual behaviors for SARS-CoV-2
pandemic containment

The results on the associations between the sociodemo-
graphic, health, and virus-related variables surveyed and
nonadherence to each behavioral recommendation to
contain the SARS-CoV-2 pandemic are presented below.
Multivariable logistic regression analyses with variable
selection (selected model) are described in the following
text and corresponding forest plots are shown in Figure 2
and Figure 3. Results of the univariable and multivariable
analyses without variable selection (‘complete model’)
can be found in Table 2, Table 3 and Table 4.

Nonadherence to STIKO COVID-19
vaccination recommendations

Data from 3,745 participants were analyzed, with all
predictors having a VIF value of less than 1.3 as shown
in Table 5. Out of 4,082 participants, 383 (9.4%) reported
nonadherence to STIKO COVID-19 vaccination recom-
mendations.

Regarding sociodemographic variables, age, sex, self-re-
ported income, living situation, and migrant background
were significantly associated with nonadherence to the
STIKO recommendations. Each year of age increased the
odds of nonadherence by 1.1% (OR: 1.011, 95% CI:
1.004-1.018), while men had higher odds than women
(adjusted odds: 0.106 vs. 0.076, OR: 1.394, 95% ClI:
1.109-1.754). Those with low income were more likely
not to adhere to the STIKO recommendation compared
to those with medium income (adjusted odds: 0.125 vs.
0.085, OR: 1.464,95% Cl: 1.112-1.928, p=.007). Parti-
cipants living alone were also more likely not to follow
recommendations (adjusted odds: 0.123 vs. 0.079, OR:
1.563, 95% Cl: 1.228-1.989), as were those with a mi-
grant background, who had more than double the odds
of nonadherence (adjusted odds: 0.166 vs. 0.079, OR:
2.108, 95% Cl: 1.608-2.763).

Among health variables, only chronic lung disease was
found to be statistically significantly associated with
nonadherence to the STIKO recommendations. Parti-
cipants with chronic lung disease were about twice as
likely as participants without chronic lung disease not to
comply with the STIKO recommendations (adjusted odds:
0.163 vs. 0.085, OR: 0.522, 95% Cl: 0.354-0.770).

No significant associations were found among virus-re-
lated variables. All variables not described here were se-
lected from the multivariable model based on a signifi-
cance level of p>.10 (Wald statistic).

Nonadherence to hygiene
recommendations (AHA rules)

Data from 4,029 participants were analyzed, with all
predictors having a VIF of less than 1.45 (see Table 6).
Out of these participants, 3,148 (78.1%) reported not
adhering to the hygiene recommendations known as
the AHA rules. The breakdown of the hygiene measures
into their three sub-components (see Table 7, Table 8,
Table 9) revealed that not maintaining distance from
others was the primary reason for the high nonadherence
rate to hygiene recommendations. Out of 4,029 parti-
cipants, 2,903 (72.1%) reported nonadherence to this
aspect. Regarding handwashing, only 677 participants
(16.8%) reported not usually following this recommenda-
tion. As for wearing face masks, 1,255 participants
(31.2%) reported not usually following this recommenda-
tion.

In terms of sociodemographic factors, both age and self-
reported income showed statistically significant associ-
ations with nonadherence to hygiene recommendations.
With each additional year of age, there was a 2.3% de-
crease in the odds of nonadherence (OR: 0.971, 95% Cl:
0.966-0.976, p<.001). Participants with self-reported
low income were significantly less likely to report nonad-
herence compared to those with medium income (ad-
justed odds: 3.182 vs. 4.128, OR: 0.771, 95% ClI:
0.628-0.946, p=.013). However, the difference between
participants with self-reported high income and medium
income did not reach statistical significance (adjusted
odds: 5.068 vs. 4.128, OR: 1.228, 95% Cl: 0.991-1.521,
p=.061).

Among health variables, obesity, chronic lung disease,
immunodeficiency, and cancer were each statistically
significantly associated with nonadherence to hygiene
recommendations. Participants with obesity were less
likely to report nonadherence to the hygiene recommen-
dations than those without (adjusted odds: 2.789 vs.
4.370, OR: 1.568, 95% Cl: 1.279-1.921). Similarly, par-
ticipants with chronic lung disease (adjusted odds: 2.314
vs. 4.240, OR: 1.833, 95% CI: 1.361-2.467), immuno-
deficiency (adjusted odds: 2.388 vs. 4.168, OR: 1.745,
95% Cl: 1.180-2.581) and cancer (adjusted odds: 2.484
vs. 4.150, OR: 1.671, 95% Cl: 1.098-2.543) were less
likely to report nonadherence compared to those without
these conditions.

In virus-related variables, vaccination status and history
of infection were each statistically significantly associated
with nonadherence to hygiene recommendations. Unvac-
cinated participants were significantly more likely to report
nonadherence compared to those with multiple booster
vaccinations (adjusted odds: 14.965 vs. 3.829), with the
odds ratio reaching statistical significance (OR: 3.908,
95% Cl: 1.372-11.130, p=.011). However, participants
with baseline vaccination but no booster, as well as those
with one booster, were only slightly more likely not to
adhere to recommendations compared to the reference
group with multiple boosters, and these differences did
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nonadherence to recommended notification of all possible contacts after positive SARS-CoV-2 test
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Figure 2: Forest plots of the results of the multivariable (selected model) logistic regressions - (a) associations with nonadherence
to STIKO recommendations, (b) associations with nonadherence to hygiene recommendations - (c) associations with
nonadherence to recommended notification of all possible contacts after positive SARS-CoV-2 test

not reach statistical significance (adjusted odds: 4.733 vs.
3.829, 0OR: 1.236,95% Cl: 0.782-1.954, p=.365/adjust-
ed odds: 4.194 vs. 3.829, OR: 1.095, 95% CI:
0.0918-1.307, p=.312). Participants with no prior SARS-
CoV-2 infection were statistically significantly less likely
to report nonadherence to hygiene recommendations
than participants who had been infected with SARS-CoV-2
virus at least once (adjusted odds: 3.106 vs. 4.779, OR:
1.539, 95% Cl: 1.306-1.813).

All other variables were removed from the multivariable
model due to a significance level of p>.10 (Wald statistic)
as part of variable selection.

Nonadherence to recommended
notification of all possible contacts after
positive SARS-CoV-2 test

Data from 4,016 participants were analyzed, with all
predictors having VIF values below 1.5 (see Table 10 for
more details). Among these participants, 625 (15.6%)
stated they would not inform all contacts after testing
positive for SARS-CoV-2, contrary to recommendations.

Among the sociodemographic variables, sex was statisti-
cally significantly associated with not informing all con-
tacts after a positive SARS-CoV-2 test. Men were twice
as likely as women not to follow this recommendation

(adjusted odds: 0.255 vs. 0.121, OR: 2.105, 95% ClI:
1.765-2.510, p<.001).

Among the health-related variables, obesity and current
immunodeficiency were significantly associated. Parti-
cipants without obesity had 1.5 times higher odds of not
informing all contacts after testing positive for SARS-CoV-2
compared to participants with obesity (adjusted odds:
0.181 vs. 0.121, OR: 1.495, 95% ClI: 1.133-1.972).
Similarly, participants without current immunodeficiency
had over twice the odds of not adhering to the recom-
mendation to inform all contacts compared to those with
current immunodeficiency (adjusted odds: 0.176 vs.
0.068, OR: 2.588, 95% CI: 1.247-5.369, p=.011).
Among virus-related variables, participants’ vaccination
status was statistically significantly associated with non-
adherence. Unvaccinated participants had almost five
times the odds of not informing all contacts after testing
positive, compared to those who had received more than
one booster dose (reference) (adjusted odds: 0.700 vs.
0.148, 0R: 4.726, 95% CI: 2.669-8.368, p<.001). Parti-
cipants with completed basic immunization against SARS-
CoV-2 had a 1.8-fold increased odds of not informing all
contacts compared to the reference (adjusted odds:
0.266 vs. 0.148, OR: 1.793, 95% CI: 1.202-2.676,
p=.004), and participants with one booster dose had a
1.2-fold increased odds of not following the recommen-
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Figure 3: Forest plots of the results of the multivariable (selected model) binary logistic regressions - (a) associations with
nonadherence to hand washing recommendations, (b) associations with nonadherence to recommendation to wear a face
mask, (c) associations with nonadherence to recommendation to keep distance

dation (adjusted odds: 0.184 vs. 0.700, OR: 1.241,
95% CI: 1.035-1.488, p=.020).

All other variables originally included in the model were
removed from the model by variable selection based on
a significance value of p>.10 (Wald statistic).

Discussion

This study explores associations between various factors
and nonadherence to COVID-19 prevention measures.
Results for each recommendation are discussed sepa-
rately, followed by an analysis of possible patterns. Finally,
study strengths and weaknesses are highlighted.

Nonadherence to STIKO
recommendations

The 10% nonadherence rate to STIKO recommendations
among respondents does not appear to be a cause for
concern. However, the actual nonadherence rate in the
general population could be significantly higher, as the
sample surveyed is generally more inclined to be vacci-

nated. The reasons for this are described in the limitations
of the study. The STIKO recommendations are grounded
in scientific evidence to optimize vaccine effectiveness
and minimize risks [7]. Therefore, nonadherence implies
suboptimal vaccine protection.

The proportion of participants not adhering to vaccination
recommendations during the pandemic suggests a need
for intensified efforts in disseminating such guidance in
future similar scenarios. This is reinforced by the associ-
ation between older age and chronic lung disease with
higher nonadherence rates. Older age and chronic lung
disease correlating with higher nonadherence rates to
vaccination recommendations might reflect a lack of
awareness regarding the recommendation for a second
booster dose in these groups. During the study period,
STIKO advised a second booster for individuals over 60
and those with certain pre-existing conditions. Nonethe-
less, it is unclear why solely chronic lung disease, among
other conditions, correlated with higher noncompliance
rates to these recommendations. This is all the more
surprising as chronic lung disease is known to be a risk
factor for severe COVID-19 disease [24], [25], [26] and
affected individuals should therefore have a special
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Table 5: Multicollinearity assessment concerning multivariable analysis of associations with nonadherence to STIKO
recommendations using tolerance/variance inflation factor (VIF)

Coefficients

Collinearity statistics

Model Tolerance VIF
1 |Age .763 1.311
Sex .966 1.035
Income .975 1.026
Personal living condition .993 1.007
Migrant background .981 1.020
Obesity .930 1.075
Hypertension 770 1.299
Diabetes .922 1.085
Caridovascular disease .892 1.121
Chronic lung disease 979 1.022
Current immunodeficiency .950 1.053
Cancer .951 1.052

Table 6: Multicollinearity assessment concerning multivariable analysis of associations on nonadherence to hygiene
recommendations (AHA recommendations) using tolerance/variance inflation factor (VIF)

Coefficients

Collinearity statistics

Model Tolerance VIF
1 Age .688 1.453
Sex .967 1.034
Income .975 1.026
Personal living condition .983 1.017
Migrant background .965 1.036
Vaccination status .863 1.158
Infections .909 1.100
Obesity .934 1.070
Hypertension .768 1.303
Diabetes .922 1.084
Cardiovascular disease .890 1.124
Chronic lung disease 978 1.022
Current immunodeficiency .955 1.048
Cancer .952 1.051

interest in being up to date with current vaccination re-
commendations. A possible explanation for this finding
may be found in a limitation of the present study. The
study did not differentiate between the type and severity
of chronic lung disease. For example, otherwise young
and healthy participants with mild exercise-induced
asthma may have reported having chronic lung disease.
However, these participants may not have felt addressed
by the STIKO recommendations for a second booster
vaccination.

The finding that men are significantly more likely not to
follow the STIKO vaccination recommendations reflects
the results of studies showing that men are generally less
likely to take advantage of disease prevention opportuni-
ties [27], [28], [29] and more likely to engage in risky
behaviors related to SARS-CoV-2 [30]. More work is
needed to understand what can motivate men to change
this type of negligent behavior. The finding that individuals
living alone in the sample were less likely to follow
vaccination recommendations may be related to the
public vaccination education strategy. This focused
primarily on protecting others [6], [31]. People living alone
may be less attracted to such messages and therefore

more likely to deviate from vaccination recommendations
[32], [33].

The correlation between self-reported low income and
increased nonadherence to STIKO recommendations is
interesting, given Germany'’s free vaccination coverage.
Education level might mediate the income-nonadherence
link, as lower-income individuals typically have a lower
level of education compared to higher-income counter-
parts [34], [35], [36]. Although the STIKO recommenda-
tions are freely available, they are written in technical
language and the vaccination algorithm itself is not easy
to understand [7]. Future studies should investigate this
to avoid exacerbating the already significant health dis-
advantages of socially disadvantaged groups. Based on
observation the city of Cologne deployed mobile vaccina-
tion units to areas of the city where people with lower in-
come live.

In Germany, COVID-19 vaccination recommendations
were shared in the primary languages of the largest mi-
grant communities. An initiative by the German govern-
ment in early 2022 promoted SARS-CoV-2 vaccination in
Arabic, English, Russian, and Turkish. This approach was
intended to reach people with insufficient knowledge of
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Table 10: Multicollinearity assessment concerning multivariable analysis of associations on nonadherence to recommended
notification of all contacts after positive SARS-CoV-2 test using tolerance/variance inflation factor (VIF)

Coefficients

Collinearity statistics

Model Tolerance VIF
1 |Age .677 1.478
Sex .978 1.023
Income .970 1.031
Personal living condition .987 1.014
Migrant background 974 1.027
Obesity .935 1.070
Vaccination status .866 1.155
Infections .908 1.101
Hypertension .767 1.305
Diabetes .921 1.085
Cardiovascular disease .888 1.126
Chronic lung disease .978 1.022
Current immunodeficiency .957 1.045
Cancer .955 1.047

German, including refugees [37]. Language barriers alone
may not fully explain the link between migrant background
and nonadherence to STIKO vaccination recommenda-
tions. Numerous studies indicate that individuals with a
migrant background often exhibit lower confidence in
vaccination overall, including against SARS-CoV-2, which
may explain the observed results [38], [39], [40]. Other
studies have shown that people with a migrant back-
ground make less use of a wide range of preventive
measures and screening tests and have lower vaccination
rates than people without a migrant background [41],
[42]. Intensive research is needed to determine which
factors mediate this phenomenon and how these factors
can be changed so that people with a migrant background
make use of the services offered by the health care sys-
tem.

The COVIMO study examines vaccination readiness and
acceptance in Germany [43]. It shows that concerns about
possible side effects and doubts about the effectiveness
of vaccines are potential reasons for reluctance to be
vaccinated. In addition, people who feel urged to be vac-
cinated tend to be less willing to be vaccinated. This may
have contributed to the reluctance of the unvaccinated,
especially during periods when restrictions were placed
on the participation of the unvaccinated. Attitudes to
vaccination have changed during the pandemic. The
COSMO study shows that confidence in vaccination has
decreased over time [44]. Compared to April 2020, more
people think vaccination is unnecessary. In addition, more
people are weighing the benefits against the potential
risks and feel that vaccination is unnecessary if other
people have already been vaccinated.

Nonadherence with hygiene
recommendations (AHA rules)

Paragraph 2 of the Corona Protection Order appealed to
the public to follow the AHA rules responsibly and in
solidarity to avoid putting themselves and others at risk
of SARS-CoV-2 infection [45]. Obviously, people find it

particularly difficult to follow the recommendation to keep
their distance from other people. The high percentage,
approximately 70%, of participants not adhering to this
recommendation contributes to the overall figure of nearly
80% of participants not following the hygiene “AHA” re-
commendations. This underscores a key challenge for
future pandemic responses: finding ways to convey the
importance of temporary isolation and distancing while
addressing individuals’ essential need for human interac-
tion and connection.

Our research found that certain health conditions, includ-
ing obesity, chronic lung disease, current immunodefi-
ciency, and cancer, were significantly associated with
nonadherence to the recommended AHA rules. Notably,
only presumed serious pre-existing conditions of chronic
lung disease, current immunodeficiency, and cancer
showed statistically significant associations with nonad-
herence to hygiene recommendations, while presumed
less serious conditions like hypertension, cardiovascular
disease, and diabetes did not. Research indicates that
early stages of cardiovascular disease and diabetes, along
with obesity, are linked to higher risks of severe disease
progression [46], [47]. This finding could be interpreted
as a cue to increase public education about these issues.
The finding that higher-income participants were more
likely not to follow the AHA rules than middle- or low-in-
come participants raises questions. Adherence to hygiene
recommendations is an effective strategy for limiting the
spread of pathogens such as SARS-CoV-2 [8], [9]. That
higher-income individuals in our sample appear to be less
inclined to follow these simple measures is disconcerting
and requires further confirmation. Future studies should
further elucidate the underlying motives and mediators
in different social classes.

The significant association found here between prior
SARS-CoV-2 infection and non-adherence to the AHA rules
warrants discussion. It is possible that those who have
had the virus believe they are immune and thus neglect
hygiene measures, a misconception that overcoming an
infection permanently protects against reinfection [48].
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Future research should explore this and focus on correct-
ing such misperceptions in risk communication.

Nonadherence to recommended
notification of all possible contacts after
positive SARS-CoV-2 test

It is advised to monitor for SARS-CoV-2 symptoms post-
contact to prevent transmission [5]. Therefore, informing
all contacts of a positive test result is crucial. The
15% nonadherence rate among participants is concern-
ing.

In this study, men were twice as likely as women not to
inform all contacts if possible after a positive SARS-CoV-2
test result. Similar to testing for flu-like symptoms, this
may be due to lower health awareness among men
compared to women [49]. Those with multiple booster
shots were significantly more likely to inform all contacts
of a positive SARS-CoV-2 test compared to those with
fewer shots, indicating better adherence to infection
control measures. Studies have shown that persons with
multiple vaccinations have better health awareness than
persons with fewer vaccinations [50]. In addition, vacci-
nated individuals may be better informed about the risks
of infection and therefore more motivated to follow recom-
mended behaviors.

Patterns of tendency not to follow
recommendations

Men were significantly more likely than women not to
comply with individual behavioral recommendations to
mitigate the SARS-CoV-2 pandemic in two of three anal-
yses. Only for personal hygiene did men not show a
greater tendency to nonadherence compared with women.
One out of three analyses showed a significant tendency
for participants who reported low income not to follow
recommendations for SARS-CoV-2 pandemic containment.
This related to STIKO vaccination recommendations.
Pre-existing conditions generally appeared to be associ-
ated with adherence to expert recommendations, but no
clear pattern emerged for specific pre-existing conditions.
The only exception was the tendency of those with
chronic lung disease not to follow STIKO vaccination re-
commendations.

In all analyses presented here, lack of vaccination against
COVID-19 was significantly associated with nonadherence
to expert recommendations.

Strengths and limitations of the study

A strength of the present study is the large number of
randomly selected participants (n=4,486). In addition,
the present study was able to obtain detailed information
on nonadherence to recommended individual behaviors
to mitigate the SARS-CoV-2 pandemic. For the first time,
these were related to socio-demographic, health and
virus-related characteristics.

One limitation of the study is potential selection bias,
particularly in certain age groups. Participants under 34
and over 75 years old were underrepresented, while those
between 35 and 74 were overrepresented compared to
the general adult population of Cologne. This may stem
from younger individuals being less responsive to mail
invitations and older individuals being less likely to parti-
cipate in online surveys. Older people are often less
comfortable with the Internet than younger people [51].
To enhance representativeness across age groups in fu-
ture studies, alternative communication methods could
be explored. Recruiting younger participants via email
lists of university networks and social media advertising
could be effective. Additionally, mailing paper question-
naires and conducting surveys in assisted living and
nursing homes should be considered.

A potential selection bias existed concerning migrant
background. Those with a migrant background were no-
tably underrepresented compared to Cologne’s general
adult population. Offering the questionnaire in English
and Turkish did not notably boost participation among
this group in previous rounds of the CoCoS project [18].
Promoting participation in studies like this one and em-
phasizing their significance for effective pandemic control
might enhance acceptance and increase participation
rates among those with a migrant background.

Potential selection bias also occurred with respect to the
proportion of people with SARS-CoV-2 vaccination or
booster(s). In the present study, the proportion of unvac-
cinated persons was strongly underrepresented compared
to the general adult population of Cologne. Refusal to
vaccinate is highly correlated with refusal to take mea-
sures to contain the spread of SARS-CoV-2 and with a
general attitude of hostility towards the issue [52], [53].
This would also imply that the estimates of nonadherence
to individual behavioral interventions reported here un-
derestimate the true magnitude. The voluntary nature of
the survey and absence of incentives likely attracted in-
dividuals more interested in COVID-19 topics and mea-
sures. Offering financial or other incentives could encour-
age participation from individuals with less interest or
declining attitudes in future studies. For example, the
Robert Koch Institute uses raffles among participants as
an incentive to make participation in platforms such as
Flu Web more attractive [54].

Considering the low participation rate in our study, there
is a possibility of self-selection, which could affect repre-
sentativeness. Although the sample is not representative,
it nevertheless provides important insights that can con-
tribute to the discussion about how to make people ad-
here to personal behavioral measures in reducing the
spread of the virus in a pandemic situation.

Future studies should address the problem of lack of
representativeness using statistical weighting methods.
Such methods are commonly used by commercial survey
agencies. However, such methods require even more
detailed information on socio-demographic and socio-
economic characteristics [55], [56].
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A possible recall bias is debatable, especially with regard
to the data on infections and vaccinations used to deter-
mine nonadherence to the STIKO vaccination recommen-
dations. However, it can be assumed that infections and
vaccinations are remembered as formative events, so
that at least the month and year of these events can be
recalled. In addition, this information is easily accessible
through apps, which have been widely used to check
vaccination status [57].

In addition, social desirability may mean that actual
nonadherence is even higher than reported. In addition,
the survey was conducted at a late stage of the pandemic,
which could be another explanation for increased nonad-
herence. This issue has already been discussed in the
context of the STIKO vaccination recommendations [44]
and could apply in a similar way to adherence to hygiene
recommendations and contact tracing.

Another limitation is the categorization of behaviors, which
focused on strict nonadherence versus adherence.
Treating nonadherence as binary limits understanding.
Future studies should explore nonadherence as a spec-
trum. Nevertheless, our binary analysis offers trend indi-
cations supporting our statements.

Lastly, the study’s limitation lies in its localized scope
within an urban setting in Germany. Expanding the
catchment area could enhance the validity of similar
studies.

Conclusion

The study offers key insights into how sociodemographic,
socioeconomic, health, and virus-related factors relate
to nonadherence with SARS-CoV-2 containment recom-
mendations. Findings indicate that males, lower-income
individuals, vaccine refusers, and those with prior SARS-
CoV-2 infection were less likely to follow expert guidelines
for pandemic control. These results can inform targeted
educational campaigns and public communication efforts
in future pandemics. Further research should delve into
the underlying reasons for these associations, aiding in
the optimization of education and public messaging
strategies.
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