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Abstract

Background

Separating ill or possibly infectious people from their healthy community is one of the core
principles of non-pharmaceutical interventions. However, there is scarce evidence on how
to successfully implement quarantine orders. We investigated a community quarantine for
an entire village in Germany (Neustadt am Rennsteig, March 2020) with the aim of better
understanding the successful implementation of quarantine measures.

Methods

This cross-sectional survey was conducted in Neustadt am Rennsteig six weeks after the
end of a 14-day mandatory community quarantine. The sample size consisted of 562 adults
(64% of the community), and the response rate was 295 adults, or 52% (33% of the
community).

Findings

National television was reported as the most important channel of information. Contact with
local authorities was very limited, and partners or spouses played a more important role in
sharing information. Generally, the self-reported information level was judged to be good
(211/289 [73.0%]). The majority of participants (212/289 [73.4%)]) approved of the quaran-
tine, and the reported compliance was 217/289 (75.1%). A self-reported higher level of con-
cern as well as a higher level of information correlated positively with both a greater
acceptance of quarantine and self-reported compliant behaviour.
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Interpretation

The community quarantine presented a rare opportunity to investigate a public health inter-
vention for an entire community. In order to improve the implementation of public health
interventions, public health risk communication activities should be intensified to increase
both the information level (potentially leading to better compliance with community quaran-
tine) and the communication level (to facilitate rapport and trust between public health
authorities and their communities).

Introduction

The 2020 pandemic caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-
2) presents an exceptional challenge to the global community. As of June 2021, no causal ther-
apy exists and even with the now approved vaccines, it is a challenge to reach herd immunity
due to vaccine hesitancy, limited production capacity and uncertainty regarding the duration
of vaccine protection [1]. Therefore, non-pharmaceutical interventions are important and
effective measures to mitigate the spread of the virus and to limit the pandemic’s impact on
societies. The most effective non-pharmaceutical intervention to interrupt chains of transmis-
sion within communities is the separation of ill (isolation) or possibly infectious (quarantine)
persons from non-infected communities. Quarantine can be applied at the level of the individ-
ual, group or community (e.g. entire villages). Interventions that aim to minimise transmission
rates by impeding what is perceived as “normal” public life are commonly referred to as “lock-
down” [2-4].

Public health authorities play a pivotal role in implementing public health interventions.
Risk communication activities can modify influencing factors for the successful implementa-
tion of such measures.

Evidence shows that effective risk communication strategies emphasise the role of informa-
tion, communication and coordination as risk governance of health authorities [5]. In addi-
tion, building a relationship with the affected communities is important to foster rapport and
trust [6]. Importantly, the level of trust in public health authorities and the government can
positively influence the acceptance of measures [7].

While authorities apply risk communication strategies in order to implement public health
interventions, one of the indicators of successful implementation is the compliance of and
within the community. An important factor influencing the compliance of individuals, com-
munities and societies is the fear of contagion [8]. Earlier studies revealed that level of concern,
irrespective of actual exposure, is a driver for health information seeking behaviour [9]. Risk
communication therefore plays an important role in risk evaluation and adoption of preven-
tive behaviours. Another important driver for compliance is the wish to protect one’s family
members [10]. Studies show that compliance at the community level is greatest when the
affected community understands the reasons for such measures and trusts their relevance and
balance [10]. Further factors influencing acceptance at the societal level are the existing social
norms and the perceived benefits of quarantine for society [11].

Yet there are scarce data on how to successfully implement quarantine. Current research in
the area of quarantine focuses on its psychological impact on individuals or on epidemiological
aspects of disease transmission [12,13]. This is also true for recent German studies of SARS--
CoV-2 hotspots—of which some had been placed under community quarantine-that focused
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on epidemiological aspects, including antibodies and viral load assessments in various settings
[14-16]. None of these studies investigated the implementation of a community quarantine.

Community quarantine differs from individual quarantine because it does not represent a
linear logic between illness and intervention but establishes the link between an assumed expo-
sure with a likelihood of infection and the intervention for an entire group [17,18]. Therefore,
more and different communication is required [19]. The aim of our study was to identify con-
ditions and influencing factors that facilitate risk communication governance, flow of informa-
tion, communication and coordination.

Background

In Neustadt am Rennsteig, a cluster of six infections could no longer be contact traced, which
represents a key measure of disease control and successful pandemic management [20]. There-
fore, one of the first community quarantines in the context of the SARS-CoV-2 pandemic in
Germany was imposed on the village from 22 March to 5 April 2020 [21]. During this time
period, all 883 inhabitants were placed under quarantine [22].

Fig 1 shows that the quarantine ended with a total of 47 confirmed cases, identifying both
symptomatic and asymptomatic patients but excluding fatalities. Overall, 51 SARS-CoV-2
infections were confirmed during the outbreak, including three fatalities [22]. That figure rep-
resents 5-8% of Neustadt’s inhabitants, compared to 0-05% of confirmed cases in Thuringia
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Fig 1. Overview of the confirmed cases of SARS-CoV-2 in Neustadt am Rennsteig and the interventions of the local authorities. The beginning of
the community quarantine was announced via loudspeaker as well as the screening of every inhabitant (symptomatic or asymptomatic) in the second
week. The third day of quarantine (24.03.2020) a leaflet was handed out with all the necessary information. You can find the issued order and the leaflet
in the Supplementary Material. [number of confirmed cases according to https://www.ilm-kreis.de/Landkreis/Ver%C3%B6ffentlichungen/
Pressearchiv/index.php?ModID=255&object=tx%2C2778.5.1&La=1&NavID=2778.25&text=&kat=&monat=202003&jahr= (accessed: 28.04.2020)].

https://doi.org/10.1371/journal.pone.0256113.9001
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and 0-11% of confirmed cases in Germany at the time [23]. By screening all inhabitants of
Neustadt during the second week of quarantine, all remaining active cases could be isolated
and further transmission could be prevented.

The quarantine was announced with immediate effect on a Sunday evening by loudspeaker
announcement followed by an information leaflet distributed the following Tuesday (day 2 of
quarantine), and information was posted on the municipality’s website. The loudspeaker
announcement was repeated the following Tuesday (day 9 of quarantine), emphasising the
rules of quarantine and inviting residents to be screened.

The local health authorities were responsible for the implementation of and communica-
tion during community quarantine. They did not follow a pre-designed protocol but drafted
an ad-hoc plan, changing their strategy day by day, adapting to upcoming issues.

The investigation of the risk communication during quarantine took place six weeks after
the intervention had ended.

Methods
Study design and participants

The study employed a cross-sectional survey conducted over three days during the administra-
tion of the CoONAN study [22] (13-16 May 2020) in Neustadt am Rennsteig. The retrospective
study took place six weeks after the mandatory 14-day quarantine for the entire community
had ended.

Our risk communication study was undertaken in addition to the CONAN seroprevalence
study researching the same population, using the same study infrastructure (distributing and
collecting questionnaires).

Study participation was anonymous and voluntary. Participants’ eligibility was determined
based on their age (over 18 years old), residency in Neustadt am Rennsteig during quarantine
and participation in the CoONAN study.

The targeted total sample size was the adult population of the community that participated
in the CoNAN study (n = 562). A total of 295 participants (52% response rate) returned the
questionnaire.

Ethics approval

The study was conducted according to the current version of the Declaration of Helsinki and
has been approved by the institutional ethics committees of the Jena University Hospital,
Friedrich Schiller University, and the respective data protection commissioner (approval num-
ber 2020-1776) and the ethics committee of the Thuringian chamber of physicians.

The study is registered at the German Clinical Trials Register: DRKS00022416.

Procedure

Data were collected using a questionnaire that was developed on the basis of a systematic liter-
ature review and previous research by our team members. The questionnaire was piloted by
team members, discussed with a group of collaborating psychologists (COSMO study group
[24,25]) and revised according to their feedback. Due to the urgent need for scientific informa-
tion accompanied by time constraints at the beginning of the pandemic, there was only limited
time to develop a thorough study design and we had to focus on efficiency and speediness.
Moreover, due to the small study population, we were reluctant to pilot the questionnaire
within the population of Neustadt am Rennsteig as this would mean the loss of a significant
portion of potential participants.
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The printed questionnaire was handed out together with the epidemiological questionnaire.
The distribution of the questionnaire took place before the blood tests for the CONAN study
were performed and the survey was returned afterwards by the participants, giving them
enough time to answer the questions. The participants were briefed by the personnel on-site
on how to fill out the questionnaire. The two data sets of the CONAN study and the risk com-
munication study were not connected by participant ID in order to meet the anonymization
request of our study.

The full survey is available in the Supporting Information. The survey first collected demo-
graphic data (age, gender, number of people living in the household) and consisted of items on
sources, channels and perceived levels of information regarding the pandemic and quarantine,
communication with authorities and within the community and coordination of the quaran-
tine with regards to acceptance, compliance and concerns within the community. The struc-
ture of the survey was based on the understanding of risk communication as being composed
by three pillars: information, communication and coordination. All three components con-
tribute to capacity building and preparing for the event of a public health crisis [5]. The impor-
tance of information in the context of a public health emergency is showcased by the
definition of risk communication as “information exchange about health risks caused by envi-
ronment, industrial, or agricultural, processes, policies, or products among individuals, groups
and institutions” [26]. Therefore, the participants’ self-reported level of information was one
of our focal points. In our study, level of information was defined as the participants’ personal
grasp of quarantine and the reasons behind the decision which is closely related to the sources
and channels of information which were used to access information and which we strived to
identify.

The questionnaire consisted of four types of questions: binary closed (6/16), single quantify-
ing (3/16), categorical with an “other” option (5/16) and open-ended (2/16). The closed ques-
tions had a five-tier Likert scale answer, and in most cases the results for occasional (3),
frequent (4) and very frequent (5) were combined for each answer to gain a clearer under-
standing of the results.

Statistical analysis

Descriptive analysis was performed to identify the response characteristics for each question-
naire item and the socio-demographic characteristics of the participants. Absolute and relative
frequencies are reported for the binary and categorical response options, whereas semi-struc-
tured variables are summarised as mean with standard deviation (SD) and medians with inter-
quartile range. Furthermore, correlation between items was analysed using Spearman’s rank
correlation. All confidence intervals (CIs) were calculated with 95% coverage. We reported
Clopper-Pearson CIs for proportions. The p-values are unadjusted and two-sided. All statisti-
cal analyses were performed using SPSS and Excel.

Additional exploratory analyses were performed for open-ended questions; results will be
addressed in a separate publication.

The concept of source and channel as used in the following is based on Berlo’s model of
Source-Message-Channel-Receiver (SMCR). Berlo defines “source” as the origin of the mes-
sage or the person who originates the message, as for example public health authorities. The
source is defined by a number of factors which affect the communication process such as com-
munication skills, knowledge of the subject and attitude towards the audience and the subject.
Mediums used to send the message such as telephone, internet or loudspeaker announcements
are labelled as channels [27].
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Results

Out of 295 returned questionnaires, six were not valid due to non-completion (less than 50%
of the questions answered). A total of 289 valid questionnaires represent 33% of the total popu-
lation of Neustadt am Rennsteig (n = 883).

Descriptive analysis

Of the 289 participants, 136 (47.1%) were aged 60 years or older, with a mean age of 56 years
and a median of 58 years. The sample comprised 132 (45.7%) male and 157 (54.3%) female
participants, of whom the majority lived with at least one other person (248 [85.8%]).

Media usage—Before quarantine. When asked about the type of media used before quar-
antine for obtaining information about the pandemic, the prevalent media outlet was televi-
sion, as seen in Fig 2: 250 (86.5%; 95% CI [82.0, 90.2]) of the 289 participants reported
occasional to very frequent use. This was followed by radio (197 [68.2%]; 95% CI [62.5, 73.5]),
internet (153 [53.0%]; 95% CI [47.0, 58.8]) and partners/spouses (143 [49.5%]; 95% CI [43.6,
55.4]).

Media usage—During quarantine. During quarantine, no significant changes in the
types of media used by the participants were reported except for a slight, non-significant
increase of internet use by 11 participants (3.8%) and information input from local authorities
by 7 participants (2.4%), as well as a decrease in the use of newspapers reported by 31

SOURCE/CHANNEL OF INFORMATION
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Fig 2. Use of media and sources/channels of information before and during quarantine. The graph shows the percentage of the combined
results of occasional, frequent and very frequent use.

https://doi.org/10.1371/journal.pone.0256113.g002
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Fig 3. Distribution of information by the local authorities.

https://doi.org/10.1371/journal.pone.0256113.9g003

participants (10.7%). Television remained the most important channel of information both
before and during quarantine, with 251 (86.8%; 95% CI [82.4, 90.5]) of the 289 participants
reporting occasional to very frequent use.

With regard to the information obtained from the local authorities, participants primarily
said they were occasionally, frequently and very frequently informed via leaflets (179 [61.9%];
95% CI [56.1, 67.6]) or loudspeaker announcements (185 [64.0%]; 95% CI [58.2, 69.6]). Other
means of communication (internet, radio, home visit) played only minor roles, as seen in
Fig 3.

A moderate, good or very good level of information was reported by 211 participants
(73.0%; 95% CI [67.5, 78.0]). Only 23 (8.0%; 95% CI [5.1, 11.7]) of the 289 participants said
that there had been too much information. The level of concern during quarantine was
reported to be moderate to very high by 200 (69.2%; 95% CI [63.5, 74.5]) of the 289
participants.

When asked about specific topics, the participants reported they were mostly concerned (at
a moderate, high and very high level) about their families” health (249 [86.2%]; 95% CI [81.6,
89.9]), followed by their personal physical health (185 [64.0%]; 95% CI [58.2, 69.6]) and the
nation’s economic stability (183 [63.3%]; 95% CI [57.5, 68.9]). Personal mental health (154
[53.3%]; 95% CI [47.4, 59.2]), personal financial stability (153 [52.9%]; 95% CI [47.0, 58.8])
and the nation’s political stability (152 [52.6%]; 95% CI [46.7, 58.5]) were all reported to be of
a similar level of concern. Personal job security was not as relevant and was only reported as a
concern by 105 participants (36.3%; 95% CI [30.8, 42.2]).
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Regarding communication with the local authorities, the results show that most partici-
pants took the opportunity to speak directly to the authorities very infrequently or not at all.
When contact was desired, the most established method of communication was a telephone
hotline, which 68 participants (23.5%; 95% CI [18.8, 28.9]) reported having used occasionally,
frequently or very frequently; 112 (38.8%; 95% CI [33.1, 44.6]) of the 289 participants
responded that they had not sought any form of contact at any time.

Almost two-thirds of participants (212 [73.4%]; 95% CI [67.9, 78.4]) reported that the quar-
antine had been appropriate, one-third (68 [23.5%]; 95% CI [18.8, 28.9]) disagreed and nine
(3.1%; 95% CI [1.4, 5.8]) did not give an answer. Two-thirds of respondents (217 [75.1%]; 95%
CI [69.7, 80.0]) believed that the majority of the village’s population had been compliant with
the rules of the quarantine. When asked whether they could relate to people who did not com-
ply with the rules, most participants (255 [88.2%]; 95% CI [83.9, 91.7]) articulated disapproval
of non-compliance, and 116 (40.1%; 95% CI [34.4, 46.0]) said that they had avoided certain
places or persons even after quarantine had ended.

Explorative bivariate correlations

According to Spearman’s rank correlation and the effect size classification by Cohen, we
observed a weak correlation (0.17) between the items “level of information” and “level of con-
cern” as seen in Table 1; that is, a higher level of information was associated with a high level
of concern. An intermediate correlation (0.26) was found between the items “level of informa-
tion” and “acceptance of quarantine”, meaning a higher level of information correlates posi-
tively with an acceptance of the quarantine. Lastly, the items “level of concern” and
“acceptance of quarantine” correlate weakly (0.16). Thus, a high level of concern correlates
positively with an acceptance of the quarantine.

Fig 4 shows the degree of concern (from 1 [very low level of concern] to 5 [very high level
of concern]) for each age group of participants. Participants between 60 and 79 years were the
most concerned (average of 3.6). A similar observation was made for the self-reported level of
information (from 1 [very poor level of information] to 5 [very good level of information]) by
age group. For this item, participants who mostly thought themselves to be well informed
(average of 3.6) were between 60 and 69 years old.

Discussion
Coordination and behaviour change

Our results show that 212 (73.4%) of the 289 participants agreed with the decision to impose
community quarantine. This corresponds with the findings of the German COSMO study,
which reported a hypothetical acceptance rate of 70% regarding a local lockdown for a repre-
sentative sample of the German population in July 2020 [24].

The disapproval of quarantine non-compliance by 255 (88.2%) of the 289 respondents sup-
ports the finding of the high acceptance rate (212 [73.4%]) of the measure and underlines the
participants’ understanding of the importance of following the rules of the quarantine to con-
tributing to the success of this intervention. This finding is representative of a population

Table 1. Correlation between level of information, level of concern and acceptance of quarantine.

Spearman’s p p-value n
level of information-level of concern 0.17 0.005 275
level of information-acceptance of quarantine 0.26 <0.001 273
level of concern-acceptance of quarantine 0.16 0.008 274

https://doi.org/10.1371/journal.pone.0256113.t001
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Fig 4. Level of concern and level of information in correlation to age. The graph shows the average answers of the participants according to their age
group. 1 is no concern/very basic level of information, 5 is the highest level of concern/information.

https://doi.org/10.1371/journal.pone.0256113.9004

whose age distribution represents a village society with a median age of 58, and thus many con-
sider themselves at high risk for SARS-CoV-2. Furthermore, one should also keep in mind that
the quarantine took place early on during the pandemic in Germany, when fear of contagion
was high, thus promoting compliant behaviour [8].

The effects of quarantine were evident in the behaviour of the affected community well
beyond the 14-day period: 116 (40.1%) of the 289 participants in our survey stated they contin-
ued to avoid places and people that they associated with the outbreak of infection even after
the quarantine had been lifted. This is consistent with studies investigating earlier pandemics,
such as that caused by the HIN1/09 virus during which behaviour changes were reported by
37.8% [28] and 68% [29] of study participants. The persistent behaviour change was not related
to general guidance on personal hygiene and mask wearing; rather, it was connected to a place
where an assumed super spreading event took place and to people that had been considered
infectious.

Information and communication

During quarantine, the same media channels were used as before, with national television
being the most frequently mentioned channel [30], followed by radio. This may seem trivial,
but stable and continuous media reception during an outbreak facilitates early and rapid risk
communication with the population via appropriate channels. Surveys from 2019 reported
that 77.1% of the German population listens to the radio on a daily basis, with an increase dur-
ing times of crisis, as was also reported during the current pandemic [31,32].

The importance of radio as a media outlet and channel for trusted information has also
been highlighted during other outbreaks. During the Ebola crisis in West Africa, radio com-
munity outreach programmes were important drivers of infection control, communication
and community engagement [33-37]. The role of radio as a prime information channel seems
to be consistent across low- and high-income countries during crises.

Internet and social media were not used as frequently as TV and radio, although there was
a slight, non-significant increase during quarantine. One possible explanation for this lies in
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the age distribution of Neustadt am Rennsteig. Compared to the participants under 60 years,
the older participants reported a 22.2% and 30.7% lower use of the internet before and during
quarantine, respectively. The difference regarding social media was 25.9% and 30.7%,
respectively.

The decline in the use of newspapers as a channel of information could be attributed to the
reported difficulties of postal delivery and delivery of press products at the beginning of quar-
antine, as mentioned in the open-ended responses (which were not analysed in this paper but
will be published separately).

A total of 185 (64.0%) of the 289 participants reported loudspeaker announcements as a chan-
nel of information, especially in regard to locally relevant information. Loudspeaker announce-
ments are associated with the pre-smartphone age but are still occasionally used in rural areas.

Moreover, partners or spouses played a more important role in sharing information than
professionals (e.g. pharmacists, general practitioners or local authorities), pointing towards a
rather horizontal flow of information across the same level. This is supported by the data
showing that there was scarce contact with the authorities from part of the population. Inter-
estingly, participants reported only a slight, non-significant increase in the (low-level) impor-
tance of local authorities as sources of information during the quarantine.

This suggests that health authorities might not be the primary or most trusted sources of
information for the community. Considering the key role public health authorities have in the
management of a public health crisis, fostering rapport and engaging with communities even
before a public health event would be worthwhile [6].

The reported good level of information (73.0%) regarding SARS-CoV-2 and the reported
acceptance of the community quarantine (73.4%) mirror the findings of other research in the
German population [24,38,39]. This is especially important because a good level of informa-
tion-as well as a high level of concern—correlate positively with a high acceptance of commu-
nity quarantine and high reported compliance.

Therefore, a good flow of information about the need for and reasons behind quarantine
may significantly influence its acceptance. This corresponds with previous findings regarding
the influence of effective risk communication on the population’s behaviour as researched dur-
ing the SARS pandemic in 2003 [10].

The level of information correlates with the level of concern, meaning that people who
reported a high level of information had a high level of concern and vice versa. This was partic-
ularly true for the older population (over the age of 60), who were addressed in the general
mass communication as “high-risk groups”.

Investigating the level of concern further, we found that the participants were mostly wor-
ried about their families” health, even more than their own health. This could be based on the
so-called optimism bias, which leads to a greater perceived risk for others than for oneself [7].
Interestingly, employment security was only a concern for a small proportion of the partici-
pants, indicating the age and work biographies of the participants. However, this finding is
surprisingly consistent with other surveys that reported an even lower level of concern, around
20%, during recent months [24]. The reasons for this should be further researched but could
indicate a high level of trust in the German government to secure workplaces and support the
economy. Research has shown that trust in the national government was at a high of 45% in
July 2020 [40].

Limitations

Regarding the reported acceptance of and compliance with the quarantine, we have no knowl-
edge if our results are specific to this particular selection of participants. It is possible that only
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those who approved of the intervention participated in the study, thus distorting results via
selection bias. This means that the results may not represent the opinion and views of the pop-
ulation of Neustadt am Rennsteig as a whole but rather are representative for a specific part of
the population who was willing to participate in the study. Moreover, we cannot exclude social
desirability bias as the questionnaire was distributed in connection with the CONAN seroprev-
alence study. Villagers who were ashamed of their (actual or presumed) previous SARS-Cov-2
infection might have not taken part in the seroprevalence study, therefore not being eligible
for the risk communication study.

Additionally, resistance against quarantine orders often originates in individuals who are
around the age of 30, a group that is underrepresented in our sample [41]. This age group’s
information requirements should therefore be assessed in future studies.

As the survey took place six weeks after the end of the community quarantine, we also can-
not exclude memory bias.

Considering these limitations, the results of our study are specific for a population which is
defined by certain characteristics, for example mean age of 56 years and residency in a small
German village. This results in a limited transferability of our conclusions onto the broader
public of Germany.

Conclusion

This study is one of the first to investigate the closely defined cluster of a whole village under
quarantine. It gives a short, quantified summary of the affected population’s reception of the
risk communication, information and coordination during a community quarantine order in
Germany in the context of the SARS-CoV-2 pandemic.

Our research shows that there was very little change in the channels of information used
during quarantine, with television remaining the most important one. Moreover, there was
only limited contact with the local authorities, which we interpreted as a sign that horizontal
information exchange among peers was more important. In order to design and implement
successful risk communication strategies, it is important to acknowledge the preferred chan-
nels of information and media outlets of the community.

An important finding of our research is the reported high approval of the community quar-
antine, which was significantly associated with information level. This shows that compliance
with quarantine can be encouraged and improved by having adequate information routines in
place. Public health authorities should increase their impact by improving community engage-
ment and communication.

The quarantine in Neustadt was a success in terms of the population’s acceptance and sup-
port of the measure. The quarantine also contributed to limiting and ending the disease trans-
mission in this village. Keeping in mind the assumed limitations and therefore possibly
restricted generalisation of our results, these findings could contribute to a framework for pub-
lic health risk communication in order to facilitate effective public health interventions.

Supporting information

S1 Table. Results in detail. The data of the questionnaire are listed in detail (whole numbers
and percent) for every question, except for the open-ended questions.
(PDF)

S1 File. Questionnaire. The questionnaire which was used to obtain the data.
(PDF)
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S2 File. Information leaflet. The information leaflet was given out to the population of Neus-
tadt am Rennsteig during quarantine. It explains how postal deliveries, waste disposal and the
working situation were handled.

(PDF)

S$3 File. Issued order. The order contains the announcement of quarantine in Neustadt am
Rennsteig. It explains who is affected by quarantine and threatens with consequences in case
of breaking the rules.

(PDF)
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