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ABSTRACTABSTRACT

INTRODUCTIONINTRODUCTION: The deadly coronavirus disease 2019 (COVID-19) has rapidly become a pandemic affecting the whole world.
Lower health literacy and higher mortality rates in the homeless and vulnerable population compared with the background
population potentially leaves this group or people more exposed to COVID-19. This study assessed the vulnerable population of
Aarhus in relation to COVID-19 infection.

METHODS:METHODS: Participants were tested during a six-day period in April and a four-day period in June at drop-in centres, injection
rooms and homeless shelters in Aarhus. Oropharyngeal swab tests were performed and analysed with real-time quantitative
polymerase chain reaction. Test days in June were supplemented with lateral flow tests for immunoglobulin (Ig) G and IgM.
Prevalence and corresponding Wilson 95% confidence intervals were computed.

RESULTS:RESULTS: We tested 295 individuals in April and 141 individuals in June. All oropharyngeal swabs were COVID-19 negative. The
lateral flow tests were IgM-positive in six of 129 individuals (4.7%) and IgG-positive less than five of 129 (< 3.9%) individuals. On
the day of testing, COVID-19 symptoms such as fever, coughing and/or sore throat were found in 63 of 240 (26.3%) of the
participants in April and in 26 of 123 (21.1%) in June. In the April testing round, 175 of 291 (59.9%) reported to be born in
Denmark. The corresponding number for the June testing round was 84 of 138 (60.9%).

CONCLUSIONS:CONCLUSIONS: Despite their vulnerable profile, the vulnerable citizens tested in Aarhus were not infected with COVID-19 at
the testing day and very few participants carried antibodies.

FUNDING:FUNDING: Testing was funded by Aarhus University Hospital.

TRIAL REGISTRATION:TRIAL REGISTRATION: not relevant.

In just seven months, the coronavirus disease 2019 (COVID-19) has caused nearly 680,000 deaths, and more than
17,000,000 confirmed cases have been observed [1] since the first COVID-19 pneumoniae was recorded in
Wuhan, China, on 31 December 2019. Though COVID-19 is contagious to all humans, some are at special risk of
infection and of a severe outcome. Among others, age and co-morbidity have been correlated with poorer
outcomes and increased mortality [2]. Refugees and homeless citizens are two population groups that have
higher rates of co-morbidity than the background population [3-5]. Non-western migrants were also found to
suffer from a higher COVID-19 infection burden than the background population [6, 7]. However, it is important
to note that there is no evidence for increased transmission of infectious diseases from refugees and asylum
seeking population to the general population [8].

A large part of the homeless population of Aarhus have mental health problems (women: 65% men: 61%),
physical health problems (women: 32% men: 25%) or are substance users (women: 51% men: 65%). A large
proportion are both substance users and have mental health problems (women: 30% men: 41%). These
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demographic characteristics are typical for the homeless population in major cities of Denmark. Homeless
people in Aarhus stay mostly with friends and family (39%) or in shelters (28%) and only relatively rarely are they
rough sleepers (9%). This is not typical for the homeless population in major Danish cities, where the
percentages of rough sleepers and shelter users are generally higher [9].

The number of homeless unregistered migrants in Denmark was estimated to be 519 in 2019, the majority (471)
are found in Copenhagen, and only 12 unregistered migrants are estimated to be settled in Aarhus. Unregistered
migrants are generally rough sleepers or shelter users [9].

Reducing COVID-19 transmission demands increased attention to hygiene and social distancing and requires a
certain degree of health literacy. These are difficult precautions to live by for many homeless and vulnerable
citizens (Table 1Table 1). Furthermore, they are generally a more geographically mobile population group than the
background population, wherefore tracking and implementation of preventive initiatives and treatment in the
group are challenging.

Thus, the homeless and vulnerable population is potentially vulnerable to poorer outcomes and higher
transmission rates of COVID-19 than the general population. The aim of this study was to assess the prevalence of
COVID-19 infection, antibody response to COVID-19 and self-reported symptoms in the homeless and vulnerable
population of Aarhus assessed at two time points: in the beginning of the epidemic and several months later
when the epidemic would be expected to have reached its maximum.

METHODSMETHODS

This was a cross-sectional study with data collection during six days in April and four days in June (2020) at drop-
in centres, injection rooms and homeless shelters. The sites were chosen in collaboration with the municipality
workers and street nurses to maximise the access to the homeless and vulnerable population in Aarhus. Testing
events were announced in advance by written notice at the testing sites and orally by the centre staff. All
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attendees at testing events were invited to participate regardless of their status. After written and oral consent,
participants were invited to complete a short questionnaire, containing questions about self-reported country of
origin, co-morbidities, COVID-19 symptoms, previous COVID-19 testing and its result (Appendix 1
https://ugeskriftet.dk/files/a08200594_-_supplementary.pdf).

Oropharyngeal swabs were analysed by real-time quantitative polymerase chain reaction at the Department of
Microbiology, Aarhus University Hospital, Denmark. Test days in June were supplemented by a lateral flow
antibody test for immunoglobulin (Ig) G and IgM. The lateral flow test was performed using a blood drop from
participantsʼ fingertips. Blood was placed on the lateral flow test along with sample dilution. After 15 minutes of
incubation, the test provided qualitative information on the presence of IgG and/or IgM towards COVID-19.
Clinical validation of the test was carried out in China and showed a diagnostic sensitivity of 98.9% and a
diagnostic specificity of 97.6% [10]. Our own validation showed a 100% sensitivity. The oropharyngeal swabs, as
well as lateral flow antibody tests, were performed by health professionals.

For the April test round, all individuals were notified of their test result by AHE or CW. In June, assuming
predominantly negative test results, participants were notified only in case of a positive test result; this was
carefully explained to participants before they gave their informed consent.

Participants were encouraged to wait or return for their lateral flow antibody test result. If participants did not
wait or return, they were contacted in case of a positive test result.

The study data were statistically analysed [11, 12], and descriptive statistics were performed [13]. All prevalence
estimates are reported with Wilson 95% confidence intervals (95% CI). Missing data were critically appraised
with a fraction plot (Appendix 2 https://ugeskriftet.dk/files/a08200594_-_supplementary.pdf) [14].

Trial registration: not relevant.

RESULTSRESULTS

We tested 295 individuals in April and 141 in June. The median age of the participants was 50 years in April and
53 years in June. The proportion of female participants was 81 of 295 (27.5%) in April and 31 of 141 (22%) in June.
More than one in every four reported at least one co-morbidity (April: 85 of 295, 28.8%. June: 48 of 141, 34.0%).
Approximately 40% of the participants in both rounds did not report Denmark as their country of origin; the five
most commonly reported countries were Greenland (April: 11%, June: 9%), Somalia (April: 4%, June: 5%),
Romania (April: 3.4%), Syria (April: 2%, June: 4%) and Poland (June: 3%) (Table 2Table 2).
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All oropharyngeal swabs were negative. The lateral flow test was IgM-positive in six of 129 individuals (4.7%) and
IgG-positive in less than three of 129 (< 2.3%) individuals. Symptoms associated with COVID-19 such as fever,
coughing and/or sore throat on the day of testing was found in 63 of 240 (26.3%) of participants in April and 26 of
130 (20.0%) participants in June. In June, 16 of 132 (12.1%) of the participants tested reported to have had COVID-
19 symptoms at some point since February (Table 2).

For the June testing round, 92 of 139 (66.2%; 95% CI: 58.0-73.5%) reported to have had a polymerase chain
reaction (PCR) COVID-19 test once before this testing event; among these fewer than three of 87 (< 3.4%)
reported a positive result (Table 2). Additionally, 86 of 139 (61.9%; 95% CI: 53.6-69.5%) reported to have been
tested twice before and 15 of 139 (10.8%; 95% CI: 6.6-17.0%) reported to have been tested three or more times
before the June testing event. Among the individuals tested more than twice, none recalled a previous positive

DANISH MEDICAL JOURNALDANISH MEDICAL JOURNAL

Dan Med J 2020;67(12):A08200594 4/7



result for the COVID-19 PCR test.

The amount of missing data for this study is generally in the 0-8.5% interval. A few categories, “Not born in
Denmark” (where participants are asked to specify their country of birth if they were outside of Denmark) and
the three questions on self-reported symptoms, had missing data in the 2.1-18.6% range (Table 2). The categories
“Result of previous tested, twice” had 75 of 87 (86.2%; 95% CI: 77.4-91.9%) missing values and “Result of previous
tested, three times or more” had a missing data percentage of ten of 15 (66.7%; 95% CI: 41.7-84.8%) (Appendix 2
https://ugeskriftet.dk/files/a08200594_-_supplementary.pdf).

To follow the development of the COVID-19 pandemic, oropharyngeal swab testing was repeated for 224 citizens
on 24 and 25 August 2020. Again, no positive test results were found.

DISCUSSIONDISCUSSION

Among the tested homeless and vulnerable citizens, all COVID-19 RNA swabs were negative, and only very few
had a positive antibody test (six of 129, 4.7%). A limitation of this study is that it presents a snapshot. This is a
limitation introduced by the cross-sectional study design with no follow-up and by the use of oropharyngeal swab
tests, which only indicate if COVID-19 RNA is present at the time of testing. This makes it possible to have been
infected in-between testing rounds despite testing PCR-negative in our study. The supplement of antibody
testing added valuable information about the overall impact of COVID-19 on the vulnerable population of Aarhus.

Our results suggest that COVID-19 is not widespread in the homeless and vulnerable population in Aarhus.
Regarding missing data, the categories of age, sex and results of PCR test were complete. On the question of co-
morbidities very few (April: 18 of 295, June: zero of 141) participants actually wrote: “no disease”, the majority
(April: 193 of 295, June: 94 of 141) provided no response, which was interpreted as no co-morbidities, leading to
0% missing data for the co-morbidities question. The result for co-morbidity is in line with the result of a large
study of the homeless population [9]. With respect to the reasons for missing data rates in the 1.4-18.6% range,
we believe that this is associated with the amount of writing required to answer: the more writing, the more
missing data. Questions where only ticking a box was needed (“Born in Denmark”, “Previously PCR-tested for
COVID-19”, “Previously had symptoms of COVID-19”) had 1.4-8.1% missing data, whereas questions requiring
written answers (“Self-reported symptoms”, “Not born in Denmark”, “Result of previous PCR test”) had missing
data in the 2.1-18.6% range. The high percentage of missing data in the categories “Result of previous PCR test,
three times or more” (66.7%) and “Result of previous PCR test, twice” (86.2%) may be explained by difficulties
recalling retrospective events. However, it is possible that the high percentages of missing data mask positive
COVID-19 test results. Contradicting this is the low percentage of missing data in the category “Result of previous
PCR test, once”, which had very few positive self-reported test results.

We believe that the results of this study are valid despite the missing data. On 26 June, the burden of the disease
in the general population in Aarhus municipality was 406 confirmed COVID-19 cases [15], corresponding to a
prevalence of 0.116% (116/100,000). The results from our study indicate that the COVID-19 burden in Aarhus is so
small that the homeless population, just like the majority of Aarhus, has avoided the disease by coincidence.
Alternatively, the homeless population may be so isolated in society that this produces a protective effect against
the COVID-19 pandemic. This isolating protective effect of the homeless population has also been reported in
other studies, e.g., in Hamilton, Canada, where 1% of the tested shelter residents were COVID-19-positive
compared with 5-7% in the general population [16]. Likewise, during the 2009 H1N1 pandemic in Mexico [17] and
for other respiratory infections in France [18], the homeless population was less directly affected than the
background population, indicating an isolating protective effect. This being said, studies from the US show a
higher prevalence of COVID-19 infections in the homeless population than in the background population,
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varying from city to city [19].

Whether these differences are a reflection of different compound societies or if it is a question of reaching a
certain disease burden in the population before infection also reaches the homeless people cannot be
determined by this paper. In 2019, it was estimated that 750 homeless people were living in Aarhus [9]. We have
tested 436 unique individuals, meaning that we have potentially tested 58% (436 of 750) of the homeless. That
being said, it was not confirmed if participants did, in fact, belong to the general group of homeless people.
Nonetheless, testing sites were chosen carefully and street nurses from the municipality confirmed that the
included study population did meet our inclusion criteria, but also noted that some of the most severe
intravenous drug users did not show up. Therefore, it might only be possible to generalise the results to testing-
site users. The demographics of the tested population seem very accurate in terms of age, sex and country of
origin when compared to known demographic information on the homeless population of Aarhus [9].

In this study, 29-34% answered that they had one or more diseases; approximately 2% of those reported
psychiatric diagnoses. Known data from Aarhus show that 25-32% suffer from a somatic disease and that 61-65%
have mental illness. Hence, it seems that participants underreported psychiatric diagnoses, which is often seen
[20]. This supports that the tested population is representative of the homeless and vulnerable population of
Aarhus. During the drafting of this paper, the infection rate in Aarhus Municipality increased, particularly in the
Somali and Lebanese minorities; in week 32, the Somali minority made up 52% (179 of 341) of the COVID-19 cases
in Aarhus [7]; the Somali population represents 1.3% (4,724 of 349,983) of the total population of Aarhus. In our
testing round, Somalia was the most frequently reported country of origin, except for Denmark and Greenland
(Table 2). A significant characteristic of the homeless immigrants and second-generation immigrants is that they
are more likely to stay with family and friends than to be rough sleepers or shelter users [9]. This could
potentially have allowed COVID-19 to enter the homeless and vulnerable population. Despite the increased
infection burden in Aarhus and particularly in ethnic minorities, the 224 homeless and vulnerable people tested
on 24 and 25 August all tested negative to COVID-19.

CONCLUSIONSCONCLUSIONS

Homeless and vulnerable people are traditionally considered to be at increased risk of COVID-19 transmission.
However, none of the people tested in this study had become infected by COVID-19 on their testing day until
June 2020, and very few showed evidence of previous exposure as indicated by the presence of an immune
response.
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