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Background: People experiencing homelessness (PEH) may be at risk for COVID19. We synthesised evidence
on SARS-Cov-2 infection, transmission, outcomes of disease, effects of non-pharmaceutical interventions
(NPI), and the effectiveness of strategies for infection prevention and control (IPC).
Methods: Systematic review of articles, indexed in electronic databases (EMBASE, WHO—Covid19, Web of
Science), institutional websites and the Norwegian Institute of Public Health’s live map of COVID-19 evi-
dence, and published from December 1st, 2019, to March 3rd, 2021. Empirical papers of any study design
addressing Covid-19 and health(-related) outcomes in PEH or shelters’ staff were included. (PROSPERO-
2020-CRD42020187033)
Findings: Of 536 publications, 37 studies were included (two modelling, 31 observational, four qualitative
studies). Random-effect meta-analysis yields a baseline SARS-Cov-2 prevalence of 2032% (95% Confidence-
Interval, 95%CI=130—3e34) in PEH and 155% (95%CI=0#79—231) in staff. In outbreaks, the pooled preva-
lence increases to 31059% (95%CI=20e48—42e71) in PEH and 1480% (95%CI=10073—1887) in staff. Main IPC
strategies were universal rapid testing, expansion of non-congregate housing, and in-shelter measures (bed
spacing, limited staff rotation, reduction in number of residents).
Interpretation: 32% of PEH and 15% staff are infected during outbreaks of SARS-Cov-2 in homeless shelters.
Most studies were conducted in the USA. No studies were found quantifying health-related outcomes of NPL
Overview and evaluation of IPC strategies for PEH, a better understanding of disease transmission, and reli-
able data on PEH within Covid-19 notification systems are needed. Qualitative studies may serve to voice
PEH and shelter staff experiences, and guide future evaluations and IPC strategies.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

or domestic violence, and (d) living in inadequate housing, e.g. in car-
avans on illegal campsites or in extreme overcrowding [5,6].

Homelessness is associated with mental health problems [1,2],
infectious diseases [3], cardiovascular and respiratory diseases, and
several long-term conditions (e.g., asthma, COPD, epilepsy) [4]. Peo-
ple experiencing homelessness (PEH) are a diverse group categorized
according to their living situation: (a) Rooflessness, people without
shelter sleeping rough in the streets or in public spaces, (b)
houselessness, with accommodation of temporary nature, (c) living
in insecure housing, shaped by threats of insecure tenancy, eviction
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The policy measures taken to mitigate the spread of the SARS-
Cov-2 pandemic, such as physical distancing and national lockdowns,
may have aggravated their health and social conditions, adding to
their already marginalised situation [7—9].

Typical means of survival in daily life of PEH were disrupted, e.g.
food banks and other basic aid facilities were shut-down, temporary
housing projects were halted [8]. It is unclear how PEH dealt with the
generalised closure of institutions, restrictions in movements and
public transports, or how they perceived and adhered to the meas-
ures imposed, such as the use of nose and mouth protection.

PEH are vulnerable to SARS-Cov-2 infection due to the risk of
transmission in shared accommodations, comorbidities and lower
immune-response because of poor nutrition and food insecurity. Yet,
evidence is scarce about the risk of infection among PEH, their
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Research in context

Evidence before this study

People experiencing homelessness (PEH) are at increased risk
of infectious, chronic, and mental health adverse conditions.
Due to the risk of transmission in shared accommodations, PEH
may be particularly vulnerable to SARS-Cov-2 infection and
worse clinical outcomes. Non-pharmaceutical interventions
(NPIs) taken to mitigate the SARS-Cov-2 outbreak may have
further aggravated health and social conditions. However, there
is no evidence synthesis on the SARS-Cov-2 epidemiology
among PEH, the correspondent clinical and other health-related
outcomes as well as health effects of NPIs on these groups.

Added value of this study

We reviewed and synthesized existent evidence on the risk of
infection and transmission, risk of severe course of disease,
effect of NPIs on health outcomes and the effectiveness of
implemented measures to avert risks and negative outcomes
among PEH. Results of the identified studies suggest that both
PEH and shelter staff are at high risk of SARS-Cov-2 infection,
especially in case of a local outbreak. Due to the low prevalence
of symptoms at the time of a positive SARS-Cov-2 test among
PEH, symptom screening alone may not be efficient to control
outbreaks. Instead, universal and rapid testing conjugated with
expansion of non-congregate housing support, and individual
measures in shelters, are discussed as sensible strategies.

Implications of all the available evidence

A comprehensive overview of NPIs and shelter strategies tar-
geting PEH and evaluation of their effectiveness and unin-
tended health consequences is needed. Further qualitative
research considering living realities of PEH can facilitate under-
standing of their specific needs during the pandemic.

differential susceptibility and health outcomes observed during the
pandemic, to inform the design of infection protection and control
(IPC) strategies.

We aimed to synthesize the evidence on the risk of infection and
transmission, risk of severe course of disease, effect of non-pharma-
ceutical interventions (NPI) on health outcomes and IPC strategies to
avert risks and negative outcomes among PEH.

2. Methods
2.1. Search strategy and selection criteria
The systematic review was guided by five specific research questions:

1. What is the prevalence or incidence of infection with SARS-CoV-2
in homeless shelters?

2. What is the evidence on transmission among PEH in different set-
tings (e. g. in homeless shelters, at outreach events, when sleeping
rough on the street)?

3. What are clinical and other health-related outcomes of the disease
among PEH (e. g. measured by hospitalisation, ICU, ventilation,
mortality)?

4. What is the evidence on the effects of lockdown measures and
other non-pharmacological interventions on the health status of
PEH?

5. What is the evidence on the effects of policies/strategies specifi-
cally enacted for PEH?

We developed and registered a review protocol in PROSPERO
(PROSPERO registration 2020 CRD42020187033) [10], and followed
the recommendations of the taskforce on guidelines for systematic
reviews in health promotion and public health [11]. To answer these
questions, we conducted a systematic search of scientific databases
for peer-reviewed articles in EMBASE, the WHO Covid19 database,
and Web of Science Core Collection, the Norwegian Institute of Public
Health’s live map of COVID-19 evidence, websites of relevant institu-
tions and two not-indexed journals, including reference snowballing
(search strategy details presented in supplementary material 1).

A PICO framework was used to help define the inclusion/exclusion
criteria: population was defined as PEH fitting the FEANTSA-ETHOS
definitions; empirical quantitative, qualitative and mixed-methods
studies, documenting exposure to SARS-Cov-2 or any policy measure
or specific IPC strategies for PEH during the Pandemic were included;
the general population was considered the standard for comparison,
although a comparison group was not a criteria for inclusion; out-
comes could be any health-related effect of SARS-Cov-2, including
prevalence, incidence, evidence on transmission, development of dis-
ease, risk of severe course of disease, hospitalisation, ICU utilization,
ventilation, or mortality. Effects of lockdown and other NPIs on the
health status of PEH were also considered.

Empirical studies in English published in peer-reviewed journals,
indexed from December 1st 2019 onwards, were included, and the
searches were conducted on March 3rd 2021.

2.2. Data analysis

Titles and abstracts were screened by two independent research-
ers (AM, DC) applying pre-defined inclusion/exclusion criteria. After
screening 20%, the review team refined the criteria for the remaining
articles, namely by deciding to not include studies focused on PEH’s
health but not explicitly considering any Covid-19/SARS-Cov-2
related issue. Full texts were obtained for all included studies and for
those where no agreement could be established based on title/
abstracts alone. For all included full text articles, backward and for-
ward citation search was conducted (PRISMA Flowchart Fig. 1).

We extracted relevant parameters from cross-sectional quantita-
tive studies to synthesise a pooled measure of SARS-Cov-2 preva-
lence. For this meta-analysis, we assumed that prevalences are
randomly sampled from a distribution and thus applied a random-
effects approach in place of a fixed-effect model which would have
assumed one fixed population prevalence [12].

In addition to the Q-statistic, assessing the null hypothesis that all
studies share a common prevalence, we calculated I, assessing the
proportion of variance due to heterogeneity rather than chance, 72,
assessing dispersion between studies, and the 95% prediction inter-
vals of the true prevalences to explore heterogeneity [12—14].

As some studies may report prevalence estimates of people
experiencing rooflessness and staff, we conducted a second meta-
analysis including these.

The extracted data were stratified based on the presence of an
outbreak situation during data collection, either marked as such by
authors or based on a prevalence above a pre-defined outbreak
threshold, i.e. the proportion of infected individuals after which an
outbreak is unlikely to go extinct without an external intervention or
before infecting the full population [15]. As these thresholds are
based on previous data, we chose the lowest reported prevalence
measure (9% [16]) and decided on rounding down to an even lower
threshold of 5% to be conservative. Further, risk of bias and publica-
tion bias were assessed through funnel plots and regression-based
statistical testing by Egger et al. [17,18].

Stata V16 [19] with commands metaprop [20]| and meta [21] were
used for the analysis.
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Fig. 1. PRISMA 2009 flow diagrams.

2.3. Role of the funding source

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

3. Results

After duplicates removal, 536 title and abstracts were eligible for
screening. 84 studies were included for full-text screening and 36
included in analysis. The manual screening of relevant websites and
non-indexed journals resulted in one additional study to be included.

Information was thus extracted from 31 quantitative studies (two
cohorts, one interrupted time series and 28 cross-sectional), two
modelling studies and four qualitative studies (PRISMA Flowchart
Fig. 1) [22].

19 quantitative studies were conducted in the USA [23-41], three
in Canada [42—44]three in France [16,45,46], two in Italy [47,48],
and one in Belgium [49], Spain [50], Slovakia [51], and Denmark [52],
respectively. The data collection period considering all studies ranged
from January 2020 to October 2020.

All studies focused on people experiencing houselessness (i.e.
with a place to sleep but temporary in institutions or shelter accord-
ing to FEANTSA-ETHOS definitions [5,6]), though not always clearly
defined, with two studies [35,53] additionally covering people
experiencing rooflessness (i.e. sleeping rough). 21 articles reported
PCR-based estimates of SARS-Cov-2 prevalence with some offering

additional data on other health or living conditions of homeless peo-
ple.

A total of ten articles reported prevalence estimates for staff
working at the homeless facilities [16,23,25,31,35—-37,42].

All study characteristics are presented in Table 1. Risk of bias
assessment is presented in table 2.

3.1. Prevalence of SARS-Cov2 in homeless shelters

We found 16 quantitative articles reporting PCR-based SARS-Cov-
2 prevalence estimates in PEH and ten studies reporting prevalence
estimates for shelter staff members. To adjust for the varying settings
and contexts, we pooled the measures in a random-effects meta-
analysis model for PEH (n = 21 280) and staff (n = 1 662). To consider
the difference in nature of investigating an outbreak
[16,23,24,36,37,39] and testing for estimation of a baseline preva-
lence [16,23,34,35,42] in our meta-analysis, we sub-pooled the meas-
ures accordingly.

For PEH, the pooled SARS-Cov-2 prevalence estimate was 31-59%
(95% Confidence Interval, 95% CI=20.48%—42.71%, 1> = 314.94,
I? = 98.76%) in the context of outbreak situations. In case of no acute
outbreak, the pooled baseline prevalence was 2.32% (95%
Cl=1-30%—3-34%, 72 = 1.33, I = 92.86%) (Fig. 2a).

The second meta-analysis (n = 51 226) including articles where
staff [47], people with recent history of homelessness [43] and other
vulnerable populations (such as refugees or substance users) [52]
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Table 2
Risk of bias assessment of included studies
Quantitative cross-sectional

Jool N
-
H g g S

g g S 3 2

<) > S )

N S X 5]

> & 5 3 ]

S £ g o g

o3 S & S CS

& N 5 S 5

3 = S s »

Study author s ] = é,’ S

(date of publication) c s 5 & 2o

g = § 3 =

g & 2 s S

L ) < D S

S
g g g & §
G < ~ - (@]
Bagget et al. (Jun 2, 2020) 4 - + +* N/A
Bagget et al. (Jun 9, 2020) + 3 ? < N/A
Ferguson et al. (Oct 30, 2020) = + +*+ N/A 4
Finnigan (Feb 02, 2021) = - - N/A N/A
Ghinai et al. (Oct 8, 2020) 4 + 4 + +
Gombita et al. (Sep 30, 2020) +* - + +* N/A
Henwood et al. (Apr 24, 2020) 4 - 4 N/A +
Hsu et al. (Jul 10, 2020) +* - +* + =
Imbert et al. (Aug 2, 2020) +* - + = N/A
Jatt et al. (Jun 16, 2020) 4 - + 4+ N/A
Karb et al. (May 24, 2020) + + + + -
Kelly et al. (Mar 16, 2021) = - + + N/A
Ly et al. (Dec 13, 2020) 4 - 4 + -
Ly etal. (Feb 5, 2021) - B ¥ T+ ¥
Marquez et al. (Oct 28, 2020) =+ - ? +* N/A
Martin et al. (Aug 21, 2020) F = 4 N/A N/A
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O’Shea et al. (Jun 8, 2020) i = + + N/A
Qualitative
Ralli et al. (Nov 29, 2020) 4 - ? - N/A
Ralli et al. (Dec 10, 2020) 4 ? F s N/A
Roederer et al. (Feb 05, 2021) 4 F F s F
Rogers et al. (Sep 15, 2020) 4 F + F N/A
Schrooyen et al. (Aug 07, 2020) 4 - 4 + -
Spinelli et al. (Dec 1, 2020) a4 - aF N/A F
Storgaard et al. (Nov 20, 2020) A aF ? 4 N/A
Tucker et al. (Jul 13, 2020) 4 - 4 N/A N/A
Yoon et al. (May 1, 2020) i s . F N/A
MMWR
Mosites et al. (Sep 8, 2020) 4 ++ + F N/A
Tobolowsky, et al. (May 1, 2020) i . +* F N/A
Other quantitative
Hickey et al. (Nov 14, 2020) A - a4 N/A -
Wang et al. (Oct 9, 2020) a4 aF aF 4 aF
Richard et al. (Jan 11, 2021) 4 . & e +*

T = yes
“?” = unclear
= o

“N/A” not applicable | MMWR = Morbidity and Mortality Weekly Report by CDC

may have been included resulted in a pooled base prevalence of
2.34% (95% Cl=1-44%—3.25%, T = 1.46, I? = 95.98%) which increased
31.59% (95% Cl=20-48%—42.71%, t° = 314.94, I* = 98.76%) in case of
an outbreak (Fig. 2b).

For staff members, the random-effect meta-analysis resulted in
a pooled prevalence of 14-80% (95% Cl=4-22%—13.57%, 2 = 10-19,
> = 43.58%) during an outbreak situation and 1.55% (95%
CI=0-79%—-2-31%, > = 0-00, I> = 0.00%) for baseline estimation
(Fig. 3).

Funnel plots of studies reporting SARS-Cov-2 prevalence and
corresponding standard errors are presented in supplementary
material 2. The Egger test suggests absence of significant publi-
cation bias in all strata except for the overall prevalence among
PEH and staff, which both disappears after stratification by out-
break situation (supplementary material 2), supporting the

(continued)

differentiation between baseline estimation and outbreak inves-
tigation.

3.2. Transmission among PEH

In their modelling study for England, Lewer et al. [54] conclude
that SARS-Cov-2 outbreaks in homeless shelters can lead to a high
attack rate if unmitigated, despite low incidence in the general popu-
lation. Four studies assessed the proportion of pre-/asymptomatic
but seropositive cases in homeless shelters and found no symptoms
at time of testing in 68—85% of the cases [31,46,47,55].

Additionally, while most studies tested PEH in homeless shelters,
one study by Yoon et al. [35] conducted additional testing of clients
living unsheltered during homeless outreach service events (e.g.
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Marcus et al. (Aug 24, 2020) + + N/A N/A +
Ramaswamy et al. (May 8, 2020) + 9 ? = +
Redondo-Sama et al. (Oct 16, + + + + +
2020)
“+7 = yes
“?” =unclear
“-“=no
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I~
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to previous mental health diagnosis and other somatic issues (e.g.
chronic kidney or liver disease), and one article [36] provided data on
emergency department visits, hospitalization and mortality. One arti-
cle [49] identified homeless within hospitalized symptomatic SARS-
COV-2 positive patients in Belgium and found increased odds of
smoking, alcoholism, methadone use, and neurological diseases for
homeless (n = 14) compared with non-homeless patients (n = 42)

meal services). This resulted in a prevalence of 0-5% (3 out of 636) in

the unsheltered PEH.
3.3. (linical and health-related outcomes among PEH
[16,24-26,33,35,38,39,41,50,52,56] presented
Please cite this article as: A. Mohsenpour et al., SARS-Cov-2 prevalence, transmission, health-related outcomes and control strategies in
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Seven articles [24,31,35,36,39,47,48,52] provided data specifically for
PEH testing positive: specific symptoms (cough, shortness of breath,
fever) were either uncommon or did not differ significantly from the
overall tested population of PEH. Neither did comorbidities [39].
Imbert et al. [36] used a city-wide administrative database and
reported 12% (n = 12) of those tested positive to have had a treatment
and release emergency department visit, 8% (n = 8) a hospitalization
and 1% (n=1) died.

An analysis conducted at the Boston Medical Centre[28] with
patients treated for Covid-19 found that one in five patients hospital-
ized were experiencing homelessness. When classified by clinical
severity the share of PEH among all admitted patients was highest
among non-intensive care unit (ICU) with 24.3%, compared to 15.9%
among ICU hospitalizations without mechanical ventilation, 15.1%
among ICU hospitalizations with mechanical ventilation, and 15.3%
among those who died.

A retrospective registry-based analysis conducted in Ontario, Can-
ada [43] (from March to June 2020) identified 30,000 people with a
recent history of homelessness and found that SARS-CoV-2 testing,
test positivity and hospital admission, intensive care and mortality
rates related to Covid-19 were all higher among this group compared
to the community dwelling population.

Yoon et al. calculated sensitivity and specificity of symptom
screening compared to RT-PCR, stating that fever, cough, or short-
ness of breath were 14% sensitive and 89% specific for identifying

COVID-19 cases when reported in the previous day, changing to 24%
and 85% when reported in the previous week. An expansion to any
symptom reported resulted in no improvement of sensitivity, but a
loss in specificity.

Two studies modelled different health-related outcomes among
PEH with one conducted for England [54] and one for the USA [57].

3.4. Non-pharmaceutical interventions (NPI)

One study [41] looked at the shift from in-person to virtual care
within Veterans Affairs (VA) records in the US during the pandemic.
The authors characterized 4% of their sample (out of approx.
5.4 million records) as homeless, and identified this group as being
11% less likely to use video care compared to non-homeless Veterans.

One qualitative study [58] conducted unstructured interviews
through telephone or social media conversations with 35 participants
from a US cohort study of criminal justice-involved women to
explore how they were faring during this period. Thirteen of the
interviewees reported some form of homelessness, and for some of
the women their unstable living situations prevented them from
being able to follow the social distancing recommended.

Another qualitative study conducted in South Africa described the
adaption to a Stadium to serve as the main mass temporary shelter
for homeless people during the lockdown in the City of Tshwane
[59]. The authors conducted interviews with healthcare professionals

SARS-Cov-2 prevalence in
people experiencing homelessness

Prevalence Sample size Weight

Study with 95% CI (%)
Marquez et al. B 0.90[ 0.52, 1.27] 2456 6.32
Mosites et al. (2) [ | 4.33[ 2.47, 6.18] 462 6.30
O'Shea et al. [ | 0.96 [ -0.91, 2.84] 104 6.30
Rogers et al. [ | 2.30[ 1.39, 3.21] 1044 6.32
Wang et al. [ | 3.51[ 3.16, 3.86] 10588 6.32
Yoon et al. [ | 214 1.45, 2.83] 1684 6.32
Heterogeneity: v° = 1.33, I’ = 92.86%, H* = 14.01 [} 2.32[ 1.30, 3.34]
Test of 6 = 6: Q(5) = 107.27, p = 0.00
95% prediction interval: [-1.192,5.827]
Baggett et al. (1) E 3 36.03 [ 31.37, 40.69] 408 6.23
Baggett et al. (2) ] 31.72[ 28.66, 34.78] 889 6.28
Ghinai et al. [ | 30.03 [ 27.66, 32.41] 1435 6.30
Imbert et al. —Jl— 67.33[59.83, 74.84] 150 6.10
Karb et al. (1) -~ 29.41[ 21.23, 37.60] 119 6.06
Ly et al. [ | 9.00[ 6.24, 11.77] 411 6.29
Mosites et al. (1) B 37.40 [ 33.89, 40.91] 730 6.27
Roederer et al. 3 50.46 [ 46.26, 54.67] 543 6.25
Tobolowsky et al. (1) E 3 9.74[ 5.06, 14.42] 154 6.23
Tobolowsky et al. (2) - 1553 [ 8.54, 22.53] 103 6.13
Heterogeneity: 1° = 314.94, I° = 98.76%, H’ = 80.34 - 31.59 [ 20.48, 42.71]
Test of 6, = 6;: Q(9) =513.79, p = 0.00
95% prediction interval: [-11.369,74.558]

- 20.53 [ 10.65, 30.41]
Heterogeneity: ©° = 402.41, I” = 99.93%, H’ = 1410.68
Test of 6, = 6: Q(15) = 2392.15, p = 0.00
Test of group differences: Q,(1) = 26.41, p = 0.00

0 20 40 60 80

Note: Numbers following authors indicate estimates from
different articles or different settings within one article.

Random effects model using the method of DerSimonian and Laird,
with the estimates of heterogeneity being taken from the inverse-variance

Fig. 2. a: Forest plot of SARS-Cov-2 prevalence pooled by outbreak situation and in total for PEH
b: Forest plot of SARS-Cov-2 prevalence pooled by outbreak situation and in total for PEH — broader inclusion.
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SARS-Cov-2 prevalence in
people experiencing homelessness

(broad inclusion)

Prevalence sample size Weight

Study with 95% Cl (%
Marquez et al. [ ] 0.90[ 0.52, 1.27] 2456 5.32
Mosites et al. (2) [ | 4.33[ 247, 6.18] 462 5.31
O’Shea et al. [ | 0.96[-0.91, 2.84] 104 5.31
Ralli et al. (1) [ ] 4.03[ 1.79, 6.26] 298 5.30
Richard et al. [ | 0.93[ 0.82, 1.04] 29407 5.32
Rogers et al. [ | 2.30[ 1.39, 3.21] 1044 5.32
Storgaard et al. (2) B 426[ 0.92, 7.59] 141 5.28
Wang et al. [ | 3.51[ 3.16, 3.86] 10588 5.32
Yoon et al. [ ] 2.14[ 1.45, 2.83] 1684 5.32
Heterogeneity: ©° = 1.46, I = 95.98%, H® = 24.85 ) 2.34[ 1.44, 3.25]
Test of 6, = 6;: Q(8) = 225.69, p = 0.00
95% prediction interval: [-0.712,5.401]
Baggett et al. (1) L 3 36.03 [ 31.37, 40.69] 408 5.24
Baggett et al. (2) [ ] 31.72[ 28.66, 34.78] 889 5.28
Ghinai et al. [ | 30.03 [ 27.66, 32.41] 1435 5.30
Imbert et al. —Jl- 67.33[59.83, 74.84] 150 5.12
Karb et al. (1) —— 29.41 [ 21.23, 37.60] 119 5.08
Ly et al. [ | 9.00[ 6.24, 11.77] 411 5.29
Mosites et al. (1) B 37.40 [ 33.89, 40.91] 730 5.27
Roederer et al. B 50.46 [ 46.26, 54.67] 543 5.25
Tobolowsky et al. (1) E 3 9.74[ 5.06, 14.42] 154 5.24
Tobolowsky et al. (2) —- 15.53 [ 8.54, 22.53] 103 5.14
Heterogeneity: ©° = 314.94, I* = 98.76%, H* = 80.34 - 31.59 [ 20.48, 42.71]
Test of 6, = 6;: Q(9) =513.79, p = 0.00
95% prediction interval: —11.369-74.558

> = 17.74[ 8.97, 26.52)
Heterogeneity: v = 376.85, I = 99.96%, H* = 2835.33
Test of 6, = 6;: Q(18) = 2717.00, p = 0.00
Test of group differences: Q,(1) = 26.41, p = 0.00

0 20 40 60 80

Note: Numbers following authors indicate estimates from
different articles or different settings within one article.

Random effects model using the method of DerSimonian and Laird,
with the estimates of heterogeneity being taken from the inverse-varianc

Fig. 2. Continued.

and provided a description of the arising needs (such as substitution
therapy and harm reduction services for people with opioid depen-
dence, and ensuring withdrawal is not confused with or masked by a
SARS-Cov-2 infection) and information given to more than 1000 shel-
tered and relocated people.

An ethnographic study conducted in Rio de Janeiro, Brazil, looked
at how homeless people lived during the pandemic [60]. Using inter-
views and document analysis, the authors describe how isolation led
to emptying the streets and reducing passers-by, negatively impact-
ing homeless’ ways of living survival tactics. Hunger, thirst, absence
of places for bathing and for fulfilling physiological needs became
apparent and that the actions offered to limit virus dissemination
were largely ineffective.

In Barcelona, Spain, Redondo-Sama et al. [61] performed qualita-
tive interviews with social workers in different fields including PEH,
and identified the following main difficulties brought about by the
pandemic to social work directed at vulnerable groups: general lack
of preparedness of social workers, scarcity of PPE, increase in basic
demands (food, housing, etc.) for vulnerable groups, closure of dedi-
cated services, and changes in official guidelines and protocols to
work in the Covid-19 context.

3.5. Infection protection and control (IPC) strategies in homeless shelters

We identified no study quantifying the effectiveness of strategies
for IPC among PEH. 11 papers [25,29,37,39,42,47,51,54,56,57,62] dis-
cussed strategies for [PC more generally, and one study [35] actively
investigated these at 9 shelters. Yoon et al. [35] describe different
pandemic preparation measures, e.g., 55-6% of shelters (5 in 9) dis-
continued taking in new clients, 77-8% (7 in 9) created separate isola-
tion areas for PEH with suspected infection and 55-6% (5 in 9)
increased the spacing between individual beds. Accordingly, Roe-
derer et al. [46] found that medium and high crowding, a composite
score based on the number of people sharing the room, a sanitary
facility, a kitchen and the number of close contacts per day, had the
strongest correlation with seropositivity among PEH.

Across all studies, the major strategies discussed as important and
necessary were comprehensive and rapid testing, expansion of non-
congregate supportive housing for PEH and, specific strategies for IPC
to be taken in congregate settings, e.g. increased spacing between
beds, staggered showering and meal schedules, and/or limited staff
rotation. O’Shea et al. [63] and Baggett et al.[56] further discussed
potential benefits in administrative measures, e.g. collaborating with
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SARS-Cov-2 prevalence
in shelter staff

Prevalence sample size Weight

Study with 95% ClI (%)
Mosites et al. (2) ] 1.21[-0.46, 2.88] 165 12.33
O’Shea et al. —— 496 1.38, 8.55] 141 11.67
Rogers et al. -l 2.52[ 0.08, 4.95] 159 12.12
Yoon et al. [ | 1.28[ 0.34, 2.22] 548 12.47
Heterogeneity: t° = 0.00, I = 0.00%, H* = 1.00 ¢ 1.55[ 0.79, 2.31]
Test of 6, = 6;: Q(8) =4.57, p=0.21
95% prediction interval: [-0.116,3.215]
Ghinai et al. —— 14.54 [ 10.42, 18.65] 282 11.42
Imbert et al. —— 16.67[ 7.24, 26.10] 60 8.30
Ly et al. —— 9.40[ 4.11, 14.69] 117 10.80
Mosites et al. (1) —— 20.95[ 14.39, 27.50] 148 10.06
Tobolowsky et al. (1) - 14.81[ 1.42, 28.21] 27 6.18
Tobolowsky et al. (2) L 13.33 [ -3.87, 30.54] 15 4.65
Heterogeneity: ©° = 10.19, I° = 43.58%, H> = 1.77 - 14.80 [ 10.73, 18.87]
Testof 6,=6;: Q(5) =7.51, p=0.19
95% prediction interval: [4.226,25.374]

-l 8.89[ 4.22, 13.57]
Heterogeneity: ©° = 45.45, I° = 95.53%, H* = 22.39
Test of 6, = 6;: Q(9) = 93.88, p = 0.00
Test of group differences: Q,(1) = 39.30, p = 0.00
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Note: Numbers following authors indicate estimates from Random effects model using the method of DerSimonian and Laird,

different articles or different settings within one article.

with the estimates of heterogeneity being taken from the inverse-variance.

Fig. 3. Forest plot of SARS-Cov-2 prevalence pooled by outbreak situation and in total for staff.

regional laboratories for quick turnaround of test results which
enable the isolation of the infected.

Furthermore, Henwood et al. [38] reported that 39% (207 of 532)
of the tenants of supportive housing in Los Angeles considered them-
selves to be at serious risk for COVID-19 due to a pre-existing condi-
tion, 59% (316 of 532) had a registered mental health diagnosis and
55-3% (294 of 532) believed they can shelter in place if needed.

One study reporting about the results of testing 331 senior home-
less residents of three shelters in Slovakia[51] did not find any posi-
tive case and attributed this result to the implementation of a life
island policy, characterized by semi-quarantine, made possible due
to incentive and social policies as well as initial testing.

Similarly, Jatt et al. [29], described that the implementation of a
widespread surveillance testing strategy has likely prevented asymp-
tomatic transmission of SARS-CoV-2, thereby preventing potential
outbreaks of Covid-19 in their study, which included 121 homeless
(out of 1781 participants), at an integrated medical campus with ter-
tiary-care center, skilled nursing facility, rehabilitation treatment
center, and temporary shelter units.

4. Discussion

In this systematic review including a total of 37 empirical
studies, we identified a baseline SARS-Cov-2 prevalence of 2-32%
(95% CI=1-30—3-34%) among PEH in homeless shelters, and 1-55%
(95%CI=0-79-2-31%) among staff. In case of an outbreak situation,
these estimates increase to 31-59% (95% Cl=20-48—42.71%) among
PEH and 14-80% (95%Cl= 10-73-18-87%) among staff. For unshel-
tered PEH, we only identified one study which reported a preva-
lence of 0-5%.

Specific symptoms, e.g. cough, shortness of breath or fever, were
either uncommon or did not differ significantly from the overall
tested population of PEH [16,24,35,36,38,39], neither did comorbid-
ities [39] (except for a low-powered study conducted in Belgium
[49]). The reviewed evidence, despite being scarce, suggests that hos-
pitalisation, intensive care utilization and mortality rates related to
Covid-19 were higher among PEH compared to community dwelling
populations [43], and that a considerable proportion of PEH who
were tested positive used emergency services (12%), were hospital-
ised (8%) or died (1%) [36].

Evidence on living realities was scarce but suggests that unsta-
ble living situations may impede adherence to social distancing
practices [64], and that stay at home measures led to empty
streets and less passer-bys menacing exisiting survical tactics of
PEH [60].

Evidence quantifying the effectiveness of IPC strategies among
PEH was only available from modelling studies, indicating high
number of infections (cumulative incidence of 49.3%) if no inter-
ventions were taken, even with low SARS-Cov-2 incidence in the
general population [54]. Daily symptom screening with PCR test-
ing of individuals who had positive screening results and the pro-
vision of alternative care sites for Covid-19 management were
modelled to be the most efficient and cost-saving strategy to
tackle the pandemic among PEH [65].

In terms of IPC strategies, 11 studies [29,31,35,37,39,42,
47,48,54,56,57] discussed comprehensive and rapid testing including
collaboration with regional laboratories for quick turnaround of posi-
tive tests, expansion of non-congregate housing and individual strat-
egies in the shelters, e.g. spacing between beds and limited staff
rotation, as critical measures to be taken. PEH living in overcrowded
shelters were found to have higher odds of seropositivity compared
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Table 3
Research gaps identified.

(A) Lack of data for evaluation of NPIs effectiveness and (un)intended health consequences

(1) lack of reliable and separate data on PEH within
Covid-19 notification systems

(B) Targeted research into people experiencing rooflessness

(2) lack of a comprehensive overview of NPIs and
shelter strategies targeting PEH

(3) lack of understanding of infectious disease spread
among PEH, e.g. in homeless shelters

While PEH may be deemed as a hard-to-reach population in general, it is essential to differentiate those living in shelters from those sleeping rough. People experiencing
rooflessness may be at a less risk of SARS-Cov-2 infection as long as they do not seek congregate shelter but at the same time, they may be the ones experiencing more
heavily the challenges of social distancing to mental and social wellbeing associated with the imposed lockdowns.

(C) Lack of qualitative research into living realities of PEH

More qualitative research is needed to better understand living realities and particular needs of PEH during the pandemic. This can further kick-start the participation of

PEH in the research process.

(D) Timely updates of the review

With the current infection dynamics and speed of research, timely updates of synthesised information are essential.

to those in low density shelters (OR: 3-4; 95% CI: 1.7-6-9, p<0-0001)
[46].

Although excluded from this review, we found several reports
retrieved from the relevant websites searched providing IPC strate-
gies specifically for staff working in homeless shelters (supplemen-
tary material 3). These strategies should be adapted to the respective
context and enacted to mitigate the spread of SARS-Cov-2 infection
among this vulnerable population group. We further identified
important research gaps to be addressed by future research (Table 3).

Studies providing prevalence estimates were based on PCR testing
and some included testing of staff for a complete picture of SARS-
Cov-2 infection in shelters. Overall, the quality of evidence was mod-
erate. Most articles provide little detail on how and why shelters
were sampled. Cross-sectional studies may have missed infected
patients who do not have enough viral particles yet to be detected in
PCR. Only two articles conducted follow-up testing [35,37]. The
recruitment of participants was based on accommodation in home-
less shelters with little systematic surveying of housing situation and
residence type in shelter. This may be of special importance consider-
ing the diverse background of PEH and their everyday life, because
not all shelters offer accommodation during the day. Most identified
studies were monocentric and based in high-income countries raising
questions of generalizability especially to middle- and lower-income
countries that differ in population demographics, cultural and social
dimensions as well as definitions of homelessness.

The qualitative studies offered sufficient insight into their meth-
odology and data analysis. One qualitative article [64] offered little
details on study design (including questions on how conversations
were guided), details on interviewers and implications for the way
interviews progress as well as ethical concerns. Further, most studies
did not discuss the relationship between researchers and partici-
pants.

Both modelling studies offered insights into their structural and
parameter assumptions and methods applied which enable potential
replication.

Besides major databases, we searched websites of relevant insti-
tutions as well as table of contents of non-indexed journals and con-
sulted the Covid-19 evidence live map of the Norwegian Institute of
Public Health. Further, we have used forward and backward refer-
ence screening on all identified articles. All steps of the review have
been conducted by two reviewers for quality assurance. Finally, we
tested for publication bias, both visually through funnel plotting as
well as statistically based on Egger et al. [17,18]. Additionally, risk of
publication bias might be low as we are investigating prevalence esti-
mates (compared to measures of effect) during the first year of a pan-
demic of global relevance.

We have used English search terms only, thus might have missed
relevant studies in other languages. Nevertheless, we found 11 stud-
ies from non-English language countries. As most of the studies focus
on North American and European countries, our findings may not be

generalizable to other settings than the ones where the studies were
conducted, as droplet or potentially airborne transmission may be
different in other contexts of social and cultural communication and
interaction. Even though we searched several databases and reposito-
ries, we might not have detected all relevant studies considering the
amount of evidence being generated during the current pandemic.
Additionally, we cannot rule out the possibility of publication bias,
particularly regarding the baseline prevalence among staff since esti-
mates for this group were not part of these studies’ initial objectives.

In order to explore heterogeneity underlying our meta-analyses,
we have calculated 95% confidence intervals. For our baseline estima-
tions for both PEH as well as staff, the heterogeneity was low and
ranged 2% around the estimated mean. For estimations during an
outbreak, the prediction intervals covered a broader range of 10% for
staff and 45% for PEH around their respective estimated mean. This
suggests large heterogeneity and caution discussing SARS-Cov-2
attack rates in homeless shelters. As a global systematic review, the
shelters included may be defined by different characteristics, e.g.
spacing between beds, meal or shower administration, resulting in
different attack rates.

As the quality of included studies varies, findings should be con-
sidered with caution. Yet, they clearly suggest that PEH are at high
risk of being infected with SARS-Cov-2, especially in case of outbreaks
in shelters. Potential pathways for transmissions deserving further
investigation are the “mobile nature of the community and use of
multiple homeless service sites among residents” [37], crowded
sleeping arrangements and difficulties in adhering to recommended
behavioural interventions due to lack of resources and private space.
Furthermore, PEH face serious mental health challenges [38,53] and
economic difficulties that prevent them from accessing preventive
material and maintaining physical distancing in general [58].

The nature and direction of the infectious disease spread is
unclear but staff working at shelters are at increased risk as well,
reinforcing the importance of adherence to strategies of IPC in con-
gregate shelters and the expansion of provision of non-congregate
housing for PEH.

Due to the absence or low prevalence of symptoms (e.g. fever) at
the time of diagnosis of SARS-Cov-2 among PEH [16,24,35,39], symp-
tom screening alone is not suitable, i.e. not sensitive enough for ade-
quately capturing the extent of disease transmission in such high-risk
settings. Instead, comprehensive and early testing for timely identifi-
cation and isolation of the infected, combined with collaboration with
regional laboratories for quick turnaround of positive test results
might be important strategies to break the virus transmission [35,42].

Finally, against the backdrop of current debates on vaccination
strategies it is essential to discuss and evaluate the most suitable vac-
cination prioritization strategies and outreach campaigns to ensure
timely vaccination of people experiencing homelessness, particularly
in light of their high mental health burden [66,67] and preventing
PEH from avoiding shelter out of fear of infection [53].
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