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COVID-19 in the homeless population: G

a scoping review and meta-analysis examining
differences in prevalence, presentation, vaccine
hesitancy and government response in the first
year of the pandemic
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Abstract

Aims People experiencing homelessness (PEH) have been identified as being increasingly susceptible to Coronavirus
disease (COVID-19), with policies enacted to test, isolate, increase hygiene practices and prioritise vaccines among
this population. Here, we conduct a scoping review of the current evidence-base pertaining to the prevalence and
presentation of COVID-19 in PEH, COVID-vaccine hesitancy rates and government interventions enacted within the
first year of the pandemic for PEH.

Materials and methods A systematic search was conducted on Pubmed, Cochrane, Embase and MedRxiv databases
for studies reporting primary data on COVID-19 prevalence and clinical characteristics in PEH, vaccine uptake for PEH
and policies enacted targeting PEH. Study qualities were assessed with The National Heart, Lung and Blood Institute’s
set of Study Quality.

Results Eighty-three studies were included in our final analysis. The overall prevalence of symptomatic COVID-19
infection in PEH is estimated at 35%. The most common symptoms found were cough and shortness of breath, fol-
lowed by fever. Concerns regarding vaccine hesitancy amongst PEH related to thoroughness of COVID-19 vaccine
clinical trials, side effects and mistrust of the government. The main strategies implemented by governments were
mass testing, adaption of healthcare service provision, provision of alternative housing, encouraging personal hygiene
(hand sanitation and mask wearing), and inter-organisational communication.

Discussion |In our meta-analysis, 35% of PEH with a COVID-19 infection presented symptomatically; the low preva-
lence of symptomatic COVID-19 infection suggests widespread testing following outbreaks would be beneficial for
this group of individuals. Temporary recuperation units and measures for housing stability in the pandemic, namely
provision of alternative housing and stopping evictions, were found to be highly effective. High rates of vaccine
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hesitancy means that education and encouragement towards vaccination would be beneficial for this vulnerable
population, where comorbidities are common. Finally increased focus in research should be placed on the mental
health burden of COVID-19 and the pandemic on PEH moving forwards.

Keywords SARS-COV-2, COVID-19, Prevalence, Symptoms, Policies, Homelessness, Homeless, Scoping review

Introduction

In December 2019, a novel beta-coronavirus known as
severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) was identified in Wuhan, China; the virus likely
arose zoonotically [1]. In humans, the disease is spread
through direct, contact and airborne transmission [1].
Laboratory diagnosis is achieved through viral identifica-
tion using reverse transcriptase-PCR (RT-PCR) of naso-
pharyngeal and oropharyngeal swabs, faeces and sputum
[1]. The disease caused by COVID-19, was characterised
as a pandemic on 11th March 2020.

Using the European Typology of Homelessness and
housing exclusion (ETHOS), created by the European
Federation of National Organisations working with the
Homeless (FEANTSA), it is estimated over 100 million
people worldwide are homeless, while over 1.5 billion
live in inadequate housing [2, 3]. People experiencing
homelessness (PEH) are believed to have a higher sus-
ceptibility to morbidity and mortality from infectious
diseases, including SARS-CoV-2 [4]. A systematic review
and meta-analysis investigating the prevalence of SARS-
CoV-2 in PEH has previously been described [5]. The
analysis calculated the pooled prevalence estimate of
SARS-Cov-2 in PEH to be 31.59% (95% CI, 2.48-42.71%)
in the context of outbreak situations, and 2.32% (95% CI,
1.30-3.34%) in non-outbreak situations.

Transmission risks in homeless accommodation set-
tings and barriers to preventive behaviours, such as
social distancing and regular handwashing, may place
PEH under higher vulnerability to COVID-19 infection.
In addition, PEH experience excess mortality due to car-
diovascular and chronic respiratory diseases, diseases
which increase the risk of severe COVID-19 [6]. Finally,
different rates of mental health conditions (for exam-
ple depression and schizophrenia) in PEH compared to
the general population may affect their ability to adapt
to measures put in place to prevent the spread of infec-
tion during the pandemic [7]. These factors may lead to
altered risk and outcomes of COVID infection in PEH
compared to the general population.

A variety of policies have been enacted by governments
to reduce COVID-19 transmission rates [8], particularly
amongst PEH. However, the effectiveness of these poli-
cies have yet to be fully established.

In particular, a key tool has been the use of vaccines,
which protect against COVID-19. However, vaccine

hesitancy has been cited as a barrier to the uptake
of vaccines once they are available [9]. Studies have
attempted to describe factors associated with vaccine
hesitancy within the general population [10, 11]; as of
yet, no study has summarised this barrier in PEH.

Given the increasing list of COVID-19 variants and
the evolving nature of governments’ policies to tackle
the pandemic, we have decided to focus on the first
year of the pandemic.

As such, this scoping review aims to collate evidence
relating to the following questions regarding COVID-
19 in PEH:

1. What is known about how COVID-19 manifests in
patients defined as homeless in the first year of the
pandemic:

(a) Are patients defined as homeless at a higher
risk of developing symptomatic COVID-19?

(b) Do patients defined as homeless present differ-
ently to the general population, with regards to
COVID-19?

2. What is known about the rates of COVID-19 vaccine
hesitancy amongst PEH in the first year of the pan-
demic?

3. What is the evidence on the effects of government
policies and strategies (synonymous in our review
with non-pharmaceutical interventions) brought in
to specifically address PEH during the first year of the
COVID-19 pandemic?

To the best of our knowledge, this is the first scoping
review examining COVID-19 vaccine hesitancy within
the homeless population compared to the general pop-
ulation, thus providing a vital addition to the evidence
base.

Materials and methods

Protocol

Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were followed
and the study protocol was prospectively registered on
PROSPERO (CRD42021262166) [12].
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Inclusion criteria

English language reports of all study types (including
quantitative, qualitative and mixed methods research)
presenting or reporting primary clinical data were exam-
ined. Studies focussing on the prevalence and clini-
cal characteristics of COVID-19 in patients defined as
homeless, reviewing COVID-vaccine uptake or analys-
ing government response policies and strategies amongst
the homeless population were eligible for inclusion.
Homelessness was defined according to the FEANTSA-
ETHOS definition [3]. Studies conducting original analy-
ses on previously reported data were also included. The
rationale behind keeping a broad inclusion criteria was to
provide the most accurate snapshot of the research field
in view of evolving literature during the first year of the
pandemic.

Both peer-reviewed and pre-print (non peer-reviewed)
literature were included to account for the rapid evolu-
tion of the evidence-base during the current crisis, and
to minimise the impact of publication bias [13]. Where
applicable, only RT-PCR-confirmed SARS-CoV-2 infec-
tions were considered to constitute as COVID-19
infection. Patients of any age, gender, nationality and
healthcare setting were eligible for inclusion.

Exclusion Criteria

Exclusion criteria were: (1) papers which did not fit the
inclusion criteria, (2) protocol-only publications, (3)
commentaries or opinion pieces not presenting any
primary data, (4) systematic reviews not presenting
any original analyses, (5) clinical trials with no results
published.

Sources and search strategy

Searches were conducted in PubMed, Embase (OVID),
MedRxiv and within grey literature databases for stud-
ies published between 1/12/2019 and 20/06/2021 (Addi-
tional file 1: Appendix A; Additional file 2: Appendix
B). The search strategy was created by TA and ME,
then independently verified by HG, KS, AR, EA and JR.
Results were imported into Zotero to remove duplicates.

Study selection

Study selection followed methodology set out by previ-
ous systematic reviews ([5, 14]). De-duplicated results
were distributed across three reviewer pairs; titles and
abstracts were independently screened for eligibility
by two reviewers via Rayyan [15]. Disagreements were
resolved by an independent third reviewer. Full texts of
included papers were primarily independently screened
by two reviewers with disagreements resolved by an
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independent third reviewer. A secondary independent
screening of full texts of included papers by two review-
ers took place; disagreements were resolved as before.

Data collection and quality assessment

A standardised data extraction tool was developed by TA
and ME and piloted by six reviewers on two randomly
chosen papers each. The final included papers under-
went single-reviewer data extraction. The National Heart,
Lung and Blood Institute’s (NHLBI) set of Study Quality
Assessment tools [16] were used to assess the quality of
included papers; a standardised scoring system was cre-
ated for each criteria in the Study Quality Assessment
Tools. All quality appraisals were checked by two review-
ers and converted into ‘Poor, ‘Fair’ and ‘Good’ ratings
through consensus between two reviewers; no papers
were excluded on the basis of their quality ratings.

Synthesis of results

All papers were reviewed for relevance to the primary
questions of (i) risk, (ii) clinical presentation, (iii) vac-
cine hesitancy and (iv) government policy and strategy.
A descriptive summary was conducted for each question,
with quantitative synthesis conducted where possible.

Statistical analysis

With respect to clinical characteristics, we extracted rel-
evant parameters from quantitative studies to calculate
a pooled prevalence rate for symptomatic COVID-19
cases. We assumed that the prevalence of symptomatic
individuals was randomly sampled from a distribution
and therefore applied a random-effects method with a
Freeman-Tukey Double Arcsine Transformation to sta-
bilise the variances [17]. We calculated I? to assess the
proportion of variance due to heterogeneity. We pro-
duced funnel plots and regression based statistical testing
by Egger et al. to assess risk of publication bias [18]. The
analysis was performed using Stata version 17 with com-
mands metaprop and meta.

Descriptive analysis

For our analysis on specific symptoms of COVID-19 in
PEH, we constricted our analysis to descriptive measures
of the prevalence of each sign/symptom in each paper.
For our analysis on vaccine hesitancy and non-pharma-
ceutical interventions, we performed a descriptive sum-
mary only. This was decided upon the paucity of evidence
for vaccine hesitancy, and the design of the papers avail-
able for policy analysis.
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Initial Results (n = 6,526) + OpenAire (n = 164)
Records identified from: * MedrXiv (n = 232)
« Pubmed (n = 916) * WHO website (PHE, FEANTSA, EUPHA)
+ Embase/OVID (n = 3,981) (n=241)
« COVID-19 registry Cochrane (n = 236) « BiorVix (n = 5)
« Global Health (OVID) (n = 213) « Grey Resources
* HMIC (OVID) (n = 28) « Clinical trials.gov (n = 275)
« PsychEXTRA (APA) (OVID) (n = 6) + WHO Coronavirus Disease (n = 72)
* OpenDOAR (n = 0) * Web of Science (n = 0)
« Social Care Online (n = 50) « EU Register Trials (n = 0)
« Social Science Research Network (n = 11) + NIHR Be Part of Research (n = 0)
Records removed before
R%gcreened —| screening:
(n=4,063) Duplicate records removed (n =
2,463)

Reasons for exclusion during abstract screening:
~| * Records excluded due to failure meeting inclusion

. criteria (n = 2,207)
Records included for full text + Further duplicates excluded (n = 49)
screening Total records removed after abstract screening
(n=1,807) (n = 2,256)

Reasons for exclusion during full text screening- primary:
« Wrong population: not homeless (n = 1,021)

= Wrong population: not COVID (n = 33)

« Wrong study design: editor letter (n = 6)

Wrong study design: commentary (n = 143)
Wrong population: unable to differentiate between
homeless and non-homeless within cohort (n =4)
* Wrong study design: systematic review (n = 11)
« Foreign language (n = 11)
Studies included in review + Does not match inclusion criteria: does not answer
(n=83) one of four questions (n = 139)
« Irrelevant policy papers: not
response/not homeless-specific (n = 16)
* Incomplete papers (n = 5)
* Duplicates (n = 2)

Total records excluded after primary full text screening (n = 1,391)

Secondary screening:

Wrong population: not COVID (n = 8)

Wrong study design: commentary (n = 74)

Wrong population: unable to differentiate between homeless and
non-homeless within cohort (n =52)

Wrong study design: systematic review (n = 13)

Foreign language (n = 2)

Does not match inclusion criteria: does not answer one of four questions
(n=112)

Irrelevant policy papers: not government response/not homeless-specific (n
= 43)

Incomplete papers (n =23)

Duplicates (n = 6)

Total records excluded after secondary full text screening (n = 333)

Total excluded: 1724

Fig. 1 Flowchart of included and excluded studies (PRISMA diagram). 6 case reports/series, 18 observational studies (4 cohort studies and 14
cross-sectional studies), 4 commentaries, 5 modelling studies, 34 qualitative studies, 15 reports and 1 rapid review were included
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Results

Study selection

Eighty-three studies were included in the final syn-
thesis as shown in the PRISMA diagram (Fig. 1): 16
studies were used to analyse clinical characteristics of
COVID-19 positive PEH, 7 studies were used to calcu-
late vaccine hesitancy rates, 62 studies were analysed
with respect to government interventions pertinent to
COVID-19 amongst the homeless population and a fur-
ther 2 studies identified in order to provide an update
on prevalence amongst the homeless population.

Study characteristics

Characteristics of the study populations are depicted
in Table 1 and Additional file 4: Appendix D and Addi-
tional file 5: Appendix E. Most of these studies took
place in the US (n=38, 45.8%) and UK (n=21, 25.0%).
Regarding homelessness status, accounting for over-
lap between studies, 35 studies looked solely at house-
less PEH, 6 solely at roofless PEH, with 1 examining
PEH classed as insecure and inadequate respectively.
17 studies looked at houseless and roofless PEH, with
16 studies looking at other combinations; 9 studies
focused on hospitalisations or were otherwise unclear.
Mean age for clinical characteristics was 53; for vac-
cine hesitancy mean age was 48.2. All papers in which
sex was given reported a higher percentage of males
included in their analysis compared to females. When
conducting quality analysis for risk of bias, 10 papers
were assessed as poor, 61 papers were assessed as fair,
and 12 papers were assessed as good quality.

Narrative synthesis

Prevalence of COVID-19 in homeless patients

We identified two quantitative cross sectional studies
relating to COVID-19 and homelessness that met the
inclusion criteria that were not included in the previous
systematic review looking at homelessness and COVID-
19 [5]. The first [19] took place in Brussels, Belgium and
involved testing 1,994 adults in 52 shelters between
April and June 2020. Overall prevalence was estimated
at 4.6% over this time-period. The second [20] analysed
population-based surveillance data of COVID-19-as-
sociated hospitalisations between 1 March and 31 May
2020 in the United States of America. The study found
201 (2%; 95% CI, 1.5%-2.4%) of people hospitalised with
COVID-19 had a housing status of “homeless”.

Prevalence of symptomatic SARS-CoV-2 infection
Overall, the 16 studies [19-34] reporting on presenta-
tion in COVID-19 positive homeless patients described
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1433 adults with laboratory confirmed COVID-19 from
3 different countries.

10 studies were utilised to calculate the pooled preva-
lence of symptomatic SARS-CoV-2 infection (Table 1).
We pooled the measures in a random-effects meta-
analysis model to adjust for the varying settings and
contexts (n=1,232). The pooled prevalence rate of
symptomatic PEH was 35% (95% Confidence Interval,
95% CI118-55%). There was significant heterogeneity in
the estimates for each group (p <0.001) with I? =97.75%
(Fig. 2).

Funnel plots for the studies included in this meta-
analysis are presented in the supplementary material
(Additional file 3: Appendix C). Results from the Egger
test suggest absence of significant publication bias
(p=0.86).

Clinical characteristics of SARS-CoV-2 infection in homeless
individuals

We included 6 observational studies in this analysis
[20, 24, 29-31, 34] (Table 1). All reported prevalence of
fever, cough and shortness of breath, which ranged from
2% (3/147) [30] to 51% (102/199) [20], 6% (2/35) [34]
to 63% (56/89) [31] and 0% (0/35) [34] to 45% (89/199)
[20], respectively. Three studies [24, 29, 34] reported on
prevalence of loss of smell/taste, which ranged from 6%
(2/35) to 29% (7/24) and 4 studies [24, 29-31] reported
runny nose as a symptom at a prevalence ranging from
1% (2/147) to 25% (6/24). Two studies [24, 29] reported
sore throat with prevalence ranging from 22% (14/65)
to 25% (6/24) and the same two studies reported head-
ache prevalence as 20% (13/65) to 33% (8/24)) and chills
as 13% (3/24) to 26% (17/65). Three studies [24, 29, 34]
reported on myalgia 6% (2/35) to 29% (19/65) and one
study [29] reported chest pain (17%, 4/24) and dizziness
(17%, 4/24) as symptoms. No studies reported on combi-
nation of symptoms and no studies stratified symptoms
by age.

We also included 6 case reports in this analysis, with
a total of 7 patients ([21-23, 26, 27, 33]. Within the case
reports, likewise the most common symptoms found
were cough (n=4, 57%) and shortness of breath (n=4,
57%) as seen in Table 2. No study reported loss in sense
of smell or taste in the patients. 3 patients in the case
reports were found to be hypoxic on admission. 3 case
studies discussed the laboratory and radiological findings
on admission [23, 26, 27]. Laboratory findings included
non-specific rises in inflammatory markers [23, 27] and
point of care tests, such as elevated postprandial glucose
level [21]. In two cases imaging was carried out [26, 27];
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Table 1 Characteristics of studies describing clinical characteristics
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Author, year City (Country), study Total sample size*  Population When/how Age + Male sex, n (%)
period (FEANTSA definition) symptoms were
assessed
Fields et al. (2021) Salt Lake, (USA), 127 Shelters, unsheltered Obtained during Median =48 159 (94.1%)"
March-May 2020 and encampment contact tracing during (range =4-89)"
(houseless, roofless)  interview or obtained
by a shelter worker on
the investigation form
Samuels et al. (2020) Rhode Island, (USA), 35 Shelter only (house-  Reported by par- 18-39=9 (25%), 26 (74%)
April 2020 less) ticipants at the time of 40-64 =23
testing (66%), > 65 =3 (9%)
Imbert et al. (2020) San Francisco (USA), 100 Shelter only (house-  Extracted from case  Median =54 years 215 (84%)A

Kiran et al. (2021)

Chaetal. (2021)
Redditt et al. (2020)

Baggett et al. (2020)

Ghinai et al. (2020)

McCormick et al.
(2020)

Roland et al. (2021)

Gaeta et al. (2020)

Tobolowsky et al.
(2020)

March 29-April 11
2020

Toronto (Canada), April44
1-July 31 2020

Several states (USA), 1T 199
March-31 May, 2020

Toronto (Canada), April24
2020

Boston (USA), 2 April-3 147
April, 2020

Chicago, (USA), March 406
1-May 12020

Denver, (USA), May- 61
July 2020

Brussels (Belgium), 89
April 27-June 10, 2020
Boston, USA 1

Washington, USA 195 (shelter residents)

Ghalamkarpour etal.  N/A 1
(2020)

Przydizial et al. (2020) N/A 1
Byrnes et al. (2020) N/A 2
Prodanuk et al. (2021) Canada 1

less)

Shelter only (house-
less)

Hospitalizations only
(unclear)

Shelter only (house-
less)

Shelter only (house-
less)

Shelter only (house-
less)

Shelters, unsheltered
and encampment
(houseless, roofless)

Shelter only (house-
less)

Shelter, followed by

hospitalisation (house-ticipants at the time of

less)
Shelter (houseless)

Hospitalisation, from
shelter (houseless)

Hospitalisation from
shelter (houseless)

interviews and isola-
tion and quarantine
hotel referral forms

During mobile

outreach by interview. (sd=18.0)

Only occurred when
sufficient staff were

available for outreach

Upon admission

Any time during
14 days posttesting

Reported by par-

(range=22-77)A

Mean=483 72 (92%)"

A

Median=53
(range =48-58)

Mean age=38.7
(sd=11.0)"

Mean=53.1

165 (83.5% weighted)
22 (88%)"

124 (84%)

ticipants at the time of (sd=12.8)

testing

At date of specimen
collection and in the
following 2 weeks

Reported by par-

<40 years =80 292 (69.5%)"
(18.8%),

40-55 years=32

(31.0%)

and>55 years=214

(50.2%)"

Median=47 59 (97%)

ticipants at the time of (range = 36-56)

testing
Reported by par-

<40 years=49 62 (68.1%)"

ticipants at the time of (629%) > 40 years =30

testing
Reported by par-

testing

Symptom screening
occurred after SARS-
CoV-2 testing via 14
symptom screening
events

During admission to
hospital

During admission to
hospital

Hospitalised (unclear) Presented and was

Hospitalised (house-
less)

tested

Presented and was
tested

(38%)"

N/A Male- 100%

187 of 195 (96%)
residents tested were

The median age
was 61 yeats

(range =50-73 years) men
45 100%
51 100%
36 100%
16 0%

Sd standard deviation

*Includes those positive with COVID-19 where symptom information was available

* Information on age was not always available for only the positive COVID-19 cases with symptom information

" Age/sex information given in aggregated form
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this found changes on CXR and CT scan [26] but not on
initial presentation in the other case [27].

COVID-19 vaccine hesitancy in the homeless population
Analysis of vaccine hesitancy rates amongst the homeless
population has predominantly occurred across Europe
and North America with figures ranging from 35.7 to
48% [35, 36].

Several studies highlighted the common concerns of
PEH regarding the COVID-19 vaccine. A cohort study
involving 94 PEH in Oakland and San Francisco high-
lighted suspicion about adverse side-effects, such as
the belief that a sore arm post-vaccine is an example of
vaccine-induced disease, and doubts over the robust-
ness of the COVID-19 vaccine clinical trials [37].
These views were echoed in another survey conducted
in the UK [38]. These factors also underpinned reluc-
tance to engage in COVID-19 vaccine trials.

In the Democratic Republic of Congo, questionnaires
distributed to people living in internally displaced per-
sons camps [39] revealed that having a COVID-19 vac-
cine was not a high priority due to longstanding issues in
the cleanliness and safety of their living conditions. Peo-
ple did not see the importance in being vaccinated when
their living conditions were so unsanitary. Elsewhere, in
the UK, qualitative interviews of 32 migrants, refugees
and asylum seekers highlighted that the language barrier
and a lack of understanding of entitlement to the vaccine
underpinned hesitancy. Out of 10 individuals asked, all
thought that their immigration status would be checked
upon receiving a vaccine [40].

To date, the largest study addressing vaccine hesitancy
in the homeless population was conducted in France: 235
individuals across Paris and Lyon were questioned about
the COVID-19 vaccine [41]. The rate of vaccine hesitancy
(40.9%) was in line with the general population and mir-
rors findings from a separate study based in Vatican City
State where 35.7% of homeless individuals expressed
hesitancy [36]. Longchamps et al. [41] highlighted a sig-
nificant association between low intention to be vacci-
nated against COVID-19 and low health literacy, being
a woman, and being a legal resident in France. Moreo-
ver, a survey of 90 PEH in Los Angeles [35] discovered
an association between vaccine hesitancy and obtaining
COVID-19 related information from sources other than
official health bodies, including social media, friends and
family.

Policies addressing COVID-19 in the homeless population

Several non-pharmaceutical interventions (NPIs) were
enforced by governments pertaining to PEH in response
to COVID-19. The 5 groups of NPIs identified in this
analysis were mass testing, adaptation of healthcare
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service provision, providing alternative housing, encour-
aging personal hygiene (hand sanitation and mask wear-
ing) and inter-organisational communication.

Mass testing

Mass testing (both PCR and lateral flow) of symptomatic
and asymptomatic individuals following identification of
a positive COVID-19 case was described as a feasible,
successful and highly effective strategy. Papers described
these taking place in a number of locations including
Boston [21, 42, 43], Montpellier [44], Berlin [45], Toronto
[28]. Conversely, attempts at mass testing homeless shel-
ters without an outbreak present had varying outcomes.
Studies based in Detroit [46], San Diego [47], California
[48] and Michigan [49] reported success while attempts
in Boston [50] and Berlin [45] were deemed not feasible
due to lack of resources.

Adaptation of healthcare service provision

The three main strategies to combat COVID-19 in PEH
were the creation of temporary recuperation units,
implementation of street outreach teams and introduc-
tion of tele-health and remote consultations. The major-
ity of papers describing temporary recuperation units
placed these in Boston. The COVID Recuperation Unit
[51-53] helped PEH recover from COVID while pro-
viding concurrent aid for mental health and substance
addition needs; the unit helped decrease PEH hospital
admissions by 28% [51]. The Boston Hope Field Hospi-
tal [54] focused on addressing the major mental health
needs and was reported as beneficial for PEH. Another
medicalised hotel in Madrid [55] found lack of quaran-
tine housing conditions was a key reason for admission;
hence the foundation of a medicalised hotel proved to be
useful. Street outreach of healthcare was implemented
and well received in both the UK [56] and US [57] by
PEH.

Mixed feedback was given of current services which
were modified to telehealth services. Some homeless resi-
dents felt valued and supported [58], new people were
found who had not sought support before [59, 60] and
hospital admissions were reduced [61]. Likewise posi-
tive feedback was seen in response to GP surgery adap-
tations including remote registration systems to enable
PEH to register and attend healthcare appointments [62,
63]. However, homeless populations seemed to be using
tele-health services less than the non-homeless popula-
tion [64]; lack of technology access was reported as one
issue [65], while others found it difficult to access men-
tal health support [66] or discuss mental health concerns
over the phone [65], thus reducing patient-doctor rap-
port [62, 63, 67].



Ahillan et al. BMC Infectious Diseases (2023) 23:155

Study

Fields et al., 2021
65/127

Samuels et al., 2020
7/35

Imbert et al., 2020
48/100

Kiran et al., 2021

5/44 -
Cha et al., 2021

168/199

Redditt et al., 2020

21/24

Baggett et al., 2020

18/147 | g
Ghinai et al., 2020

113/406 ]
McCormick et al., 2020

11/61 -
Roland et al., 2021

6/89 | 3

Heterogeneity between groups: p = 0.000
Overall (1"2 =97.75%, p = 0.00);
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ES (95% CI) :eigm
- 0.51 (0.42, 0.60) 10.18
0.20 (0.08, 0.37) 9.67
- 0.48 (0.38, 0.58) 10.12
0.11 (0.04, 0.25) 9.81
& 084(0.79,0.89) 10.25
—- 0.88(0.68, 0.97) 9.39
0.12 (0.07, 0.19) 10.21
0.28 (0.24, 0.32) 10.32
0.18 (0.09, 0.30) 9.96
0.07 (0.03, 0.14) 10.09
0.35 (0.18, 0.55) 100.00

0 25

L
|

| | |
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Fig. 2 Proportion of hospitalized homeless COVID-19 patients. The pooled prevalence of COVID-19 in the homeless population across 10 cohort

studies was 35% (95% Cl 18-55%)

Alternative housing

The ‘Everyone In’ campaign in England was the most
referenced alternative housing scheme. A number of
papers talked about its success in providing temporary
accommodation for ‘over 33,000 people by November
[2020]" and over 90% of the homeless population being
offered accommodation within the first month and a

half” [68—70]. Some papers which surveyed the rehoused
homeless population found this had increased physical
health, engagement with other health services such as
the addiction service [71] and possibly helped to lower
infections and deaths [72]. This was echoed in a similar
scheme in South Africa [73].
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Table 2 Clinical presentation of COVID-19 in homeless patients within case series and case reports

Features

Gaeta et al.
[16]1(n=1)

Tobolowsky,
[171(n=1)

Ghalamkarpour
etal.[18]1(n=1)

Przydzial et al. [21] (n=2)

Prodanuk
et al.[28]
(n=1)

Byrnes etal.[22] (hn=1) *

Cough
Shortness of breath (SOB)
Fever

Loss of smell and/or taste
Runny nose/rhinorrhoea
Nausea and/or vomiting
Diarrhoea

Muscle aches/myalgia
Sore throat

Recurrence of erythro-
derma

Slurred speech
Pinpoint pupils

Acute encephalopathy
Chest pain
Hypoxia/low SpO,
Elevated glucose

Normal White Cell Count
(WCQ)

Normal lymphocytes
Raised lymphocytes
Raised neutrophils

Normal lymphocytes

Low lymphocytes

Low haemoglobin (Hb)
Normal Haemoglobin (Hb)
Low platelets

Low serum albumin

Raised erythrocyte sedi-
mentation rate (ESR)

Raised C-Reactive Protein
(CRP)

Normal lactate dehydroge-
nase (LDH)

Radiological

n=1

S5 5 5
(1|

n=1
Computed
Tomography

Scan (CT): normal

n=1 (Chest X-Ray: bilateral
infiltrates. Chest Computed
Tomography Scan (CT):
ground glass opacities)

n=1
n=1
n=1
Presented two days later

n=1
n=1

n=1

Computed Tomography
Scan Head (CT Head): no
acute infarct or intracranial
haemorrhage

Chest X-Ray (CXR): normal
Magnetic Resonance Imag-
ing (MRI): multiple focal
enhancing lesions

*Described as'homeless’ within case report/case series

n=1represent 1 patient experiencing this symptom/investigation result

n=2 represents 2 patients experiencing this symptom/investigation result

However, the unavailability of accommodation to some
of the population, especially non-UK nationals [74, 75],
logistical issues leading to unpredictability and adverse

effects on mental wellbeing [76, 77], lack of social dis-
tancing with positive cases [78] and a lack of support for
the young homeless population [79, 80] were also raised.
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In the latter case, one youth homeless charity still expe-
rienced a 33% increase in calls during the pandemic
[80]. This was referenced amongst other policies in the
FEANTSA report on rough sleepers [81] which stressed
that there was different and/or decreased dissemina-
tion of information to migrants. One study found that
the concordant ban on evictions in the UK [80], which
in other papers had been lauded, did not prevent an
increase of 33% in calls to Centrepoint [helpline].

Other locations implemented similar rehousing
schemes such as Singapore [82], Scotland [83], Dallas
[84] and Arlington County [85] all of which were taken
up by the homeless populations. However, a survey in a
migrant worker sheltered home in India found high anxi-
ety about being far from their family and lack of psycho-
logical support [86]. Other regions, such as San Francisco
[87, 88] and Austin [89] implemented isolation and quar-
antine accommodation to give the homeless population
shelter for the duration of their isolation. Over 80% of
inhabitants finished their stay and only 4% of inhabitants
required hospital admission, representing a significant
alleviation of hospital facilities. This evidence was com-
pounded with a number of modelling studies [6, 43, 90,
91] which found that provision of non-hospital non-con-
gregate accommodation was a highly effective measure.

Personal hygiene

Personal hygiene measures focused on hand washing [92,
93] and mask wearing [94]. Lack of public facilities due to
public services closing during the pandemic was found to
be a large barrier to maintaining personal hygiene [93].
Implementation of mobile, easily formed hand wash-
ing stations was received well by the homeless popula-
tion [92]. Mandated mask wearing in shelters was made
easier through allowing personalised cloth masks to be
worn rather than surgical masks [94]. Two studies [73,
95] described policies to prevent cross contamination
by the supply of disposable cups [95] and opioid-substi-
tution therapy [96] for drug users, both citing success in
empowerment of individuals in reducing risk of COVID-
19 transmission and implementation as part of a larger
harm reduction and community engagement strategy.

Inter-organisational communication

The importance of governments and non-governmental
organisations (NGOs) working in tandem were high-
lighted in Iran [97]; conversely in Brazil, failure to do
so meant NGOs could become overwhelmed [98]. Fur-
thermore papers described how a lack of communica-
tion between local and national governments had led to
confusion over vaccine prioritisation [99] and outbreak
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reporting [100] in the homeless population, leading to
less efficient distribution of resources for PEH.

Discussion
We included results from 83 studies across 15 countries.

Clinical characteristics

We estimated the overall prevalence of symptomatic
COVID-19 infection in PEH at 35%. The most common
symptoms in the observational studies and case stud-
ies were cough and shortness of breath, with fever most
common in the observational studies but not within the
case reports. This was similar to a previous systematic
review on the general population of COVID-19 patients
[101], which found that fever, cough, fatigue, and dysp-
noea were the most commonly reported clinical features
of coronavirus disease.

The CDC estimates that 35% of all COVID-19 cases are
asymptomatic, with 65% as symptomatic. This is much
higher than our estimate of symptomatic COVID-19 in
the homeless population (35%) and suggests that home-
less people are less likely to be symptomatic; this implies
that screening based on symptomatic COVID-19 is not
adequate in capturing the true prevalence of COVID-
19 in the homeless population. Given that PEH are at a
higher risk of comorbidities, such as cardiovascular dis-
ease and chronic infections [102], poorer outcomes may
be evident upon COVID-19 infection in PEH. Addition-
ally, PEH have had high numbers of hospitalisations dur-
ing influenza pandemics, suggesting they are particularly
susceptible to viral diseases [103]. Strategies to quickly
identify COVID-19 cases in PEH, must take the above
into account.

Vaccine hesitancy

The seven studies on vaccine hesitancy found that many
of the homeless population’s concerns regarding thor-
oughness of COVID-19 vaccine clinical trials, side effects
and mistrust of the government are in-line with those of
the general population [104].

The homeless population generally has a higher rate of
vaccine hesitancy of 35.7-48% as described in two stud-
ies [35, 36] compared to the general population which is
estimated to range from 22.4 to 35% [105—107]. However,
all this information has come from Europe and North
America. This discrepancy may be elucidated by the
increased tendency of the homeless population to rely on
social media as the leading source of health-related infor-
mation [41]. There has been widespread vaccine-sceptic/
anti-vax information circulated through these mediums
[108]. This, in conjunction with lower health-literacy
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rates [109] may underpin certain beliefs of this popula-
tion [37].

On the whole, it is vital that the vaccine uptake rates
within the homeless population are maximised given
that this group is especially vulnerable to developing
morbidity and mortality from COVID-19 infection and
will aid in health equity [4].

Policies

The strategies and policies implemented by govern-
ments for the homeless population in response to
COVID-19 were within the following themes: mass
testing, adaptation of healthcare service provision,
provision of alternative housing, encouraging personal
hygiene (such as hand sanitation and mask wearing)
and inter-organisational communication.

The high incidence of COVID-19 positive cases found
in response to outbreaks within shelters, coupled with
the fact that these individuals did not significantly dis-
play any more clinical features (cough, fever) compared
to non-COVID infected individuals [42] further sug-
gests the need for a universal testing strategy imple-
mentation amongst the homeless population in shelters
in outbreak situations. However, given the low yield for
asymptomatic screening as a preventative measure and
limited laboratory capacity and manpower [44], univer-
sal daily testing may not be as effective. Instead daily
symptom screening in homeless shelters may be con-
sidered as an alternative [49].

In addition, the studies showed that high risk home-
less shelters with high community incidence are more
prone to outbreaks even with intensive infection con-
trol practices. This reflects the necessity of non-con-
gregate housing for the homeless. Indeed, temporary
recuperation units were found to be highly effective
in diverting cases that would otherwise have resulted
in hospitalisation for isolation and quarantine, thereby
reducing the strain on hospital inpatient capacity [43,
51, 88, 90].

This adds strength to the evidence base suggesting
that provision of alternative care sites for COVID-
19 management, alongside daily symptom screening
and PCR testing of individuals with positive screening
results is the most efficient and cost-saving strategy
amongst the homeless population [41]. However, the
reality as evidenced by the studies analysing “Every-
one In” suggests that this governmental intervention
should ensure that logistical capabilities, such as hav-
ing enough space within accommodation social dis-
tancing, and providing more certainty of availability of
accommodation for PEH, should be considered for suc-
cessful implementation. This can be aided by effective
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restructuring of healthcare services such as GP surger-
ies to ensure PEH are able to access medical support
more easily [62, 63] and better communication between
governments and NGOs [97].

Limitations/methodological considerations

We included both major databases, grey literature, gov-
ernmental and non-governmental associations, and
charities’ websites. All steps of the review have been con-
ducted by two reviewers to ensure quality assurance.

Our review also has some limitations which need to be
considered.

Firstly, the majority of included papers are from the
USA and as we only used English search terms, hence it
is possible that not all relevant papers were captured or
included in our study. Therefore, our findings may not be
generalisable to other countries or settings as transmis-
sion may differ depending on cultural or social setting.
It has been found previously that resource-poor govern-
ments are unable to respond efficiently in a pandemic
during natural disasters which lead to increased social
inequities [110]. Thus, it is important to expand the evi-
dence base to lower- and middle-income countries, to
ensure the policies implemented are representative of the
global population affected by COVID-19.

Secondly, prevalence of different COVID-19 symp-
toms was often not the primary aim of the included stud-
ies, limiting our analysis. Often symptomatic homeless
patients with COVID-19 were largely described coinci-
dentally in cohort studies, where the primary objective
was not to investigate the clinical presentation. Conse-
quently, relevant confounders, including demographic
and social factors and medical comorbidities were often
not considered or reported.

In addition, where demographic factors were reported,
the majority of the population were of male sex. This
limits the inference that can be made, given that these
findings may not be generalisable to homeless females.
Similarly, many of the studies looked at PEH in shelters,
with a paucity of evidence amongst other PEH groups
including those in insecure housing, and rough sleep-
ers, making it difficult to extrapolate our findings to the
homeless population at large.

With regards to vaccine hesitancy, many studies exam-
ining vaccine hesitancy within the homeless population
have not utilised a non-homeless population as a con-
trol group. Some studies assess vaccine hesitancy based
on the offer of an actual vaccine whilst others combine
this with data based on a hypothetical vaccine. This is
an important distinction to make, as vaccine hesitancy
towards a hypothetical vaccine is not necessarily equiva-
lent to hesitancy towards an actual vaccine. Therefore, it
is difficult to elucidate whether the homeless population
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express greater reluctance towards the vaccine than the
general population, and if so, whether this is associated
with particular social, demographic or other factors.

Finally, because of our restricted search timeframe,
there may be papers published after our search date
which contain information about the prevalence, clini-
cal characteristics, vaccine hesitancy rates and policy
outcomes from the first year of the pandemic which have
not been included in this paper. Thus, the conclusion
described in this paper may be different to those which
can be inferred from data about the subsequent years of
the pandemic. As such, an updated search of this paper
to examine these factors in PEH in subsequent years of
the pandemic would be beneficial.

Implications for practice, policies and future
research

We have identified important points that should be
addressed by future research.

Future research

(1) There is a need for separation amongst different
groups related to homelessness. For instance, in
the case of symptoms related to COVID-19, staff
working with PEH, and PEH themselves were not
considered in the research as two separate groups.
Whilst addressing the staff population who work
with the homeless population can mitigate trans-
mission of SARS-CoV-2 infection amongst the
homeless population, the paucity of evidence means
that the evidence base would benefit from this
separation when studies are carried out. Similarly,
within the policy papers, there is a need to differ-
entiate between the different types of homelessness,
including rough sleepers and sheltered individuals,
to ascertain a more nuanced understanding of clini-
cal characteristics and vaccine hesitancy between
the various groups and ensure measures imple-
mented target the entire PEH population.

(2) Additionally, there is a need to provide demo-
graphic information pertaining to clinical charac-
teristics and vaccine hesitancy in particular, as often
this information is given for the homeless popula-
tion at large but not those specifically who have
COVID-19.

(3) With the current speed in which research is being
published in this field, it is important that there is
more global representation particularly in relation
to encouragement and funding for research to come
from outside Europe and North America.

(4) Finally, from qualitative evidence, there is evidence
suggesting temporary accommodation can relieve
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anxieties within PEH; more research regarding the
mental health implications of the COVID-19 pan-
demic on the homeless population is required to
help guide policies to address this moving forwards
in this pandemic.

Future practice and policies

(1) With relation to vaccine hesitancy, there is a greater
need to deliver and tailor COVID-19 vaccine infor-
mation to the homeless population; if this is ful-
filled, this can reduce the reliance of this population
on social media for information.

(2) Success has been found in using community health-
care outreach programmes, such as existing staff
at shelters or at food banks, in delivering policies
during the pandemic, and this can continue mov-
ing forward in delivering the vaccine to the home-
less population. The role of using this existing
infrastructure should not be underestimated in this
process and has the potential to address the barri-
ers of infrastructure, transport, mistrust and out-
reach to the homeless population to allow access to
COVID-19 vaccine sites.

(3) We encourage the use of mass testing as a response
to outbreaks, with symptomatic screening done
daily within shelters in non-outbreak situations.
Implementation of isolation and quarantine accom-
modation are highly effective in avoiding hospital
admissions.

The authors stress that many of the recommenda-
tions for future practice and policies are not different
from previous recommendations to increase uptake of
healthcare initiatives within the homeless population; the
effectiveness of creating housing stability and capitalis-
ing on existing policies put in place to do so is integral
to improving COVID-19 prevalence, clinical characteris-
tics, and outcomes within this population, and increasing
uptake of COVID-19 vaccines as we move forward.

Conclusions

This review has estimated the prevalence of symptomatic
COVID-19 infection in PEH, described the clinical pro-
file of these individuals and explored the reasons behind
vaccine hesitancy and the public health policies that
have been implemented to protect this high-risk group,
focusing on the first year of the pandemic. Policies have
included: mass testing, adaptation of healthcare service
provision, provision of alternative housing, stopping
evictions, encouraging personal hygiene (such as hand
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sanitation and mask wearing) and inter-organisational
communication.

In our meta-analysis, 35% of PEH with a COVID-19
infection presented symptomatically, suggesting rou-
tine and regular testing would be beneficial for this
group of individuals. The low prevalence of sympto-
matic COVID-19 infection, combined with high rates
of vaccine hesitancy, means that frequent testing as
well as education and encouragement to be vacci-
nated, would be highly beneficial for this vulnerable
population, where comorbidities are common. Finally,
increased focus should be placed on the mental health
burden of COVID-19 and the pandemic on the home-
less population moving forwards.
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