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Background: There are well-established relationships between health and homelessness, and shelters can facil-
itate the transmission of diseases and contribute to their prevention. Adequate environmental health conditions
and hygiene behaviors in homeless shelters are fundamental to the health of their clients, a marginalized po-

Ventilation pulation. We report the status of environmental health conditions and hygiene behaviors in homeless shelters
Is_lyg,lter:,e and associated health outcomes; interventions to improve these conditions, behaviors, and outcomes; and ob-
anitation )
. stacles to improvement.
Tuberculosis

Methods: PubMed, Web of Science, Scopus, and EBSCOhost were searched for peer-reviewed studies, and ad-
ditional sources for grey literature. Studies were included if they reported primary data on one or more en-
vironmental health condition or hygiene behavior in homeless shelters.

Results: Twenty-eight studies were included in the review. Insufficient ventilation systems, unhygienic bedding,
and overcrowding were the most documented environmental health and hygiene deficiencies in homeless
shelters, and tuberculosis infections and skin diseases were the most documented associated health outcomes
among clients. Studies frequently recommended or described implementation of behavioral and administrative
controls, ventilation system improvements, and ultraviolet germicidal irradiation fixtures.

Discussion: Most studies addressed airborne transmission of tuberculosis and were conducted in high-income
countries, revealing an imbalance in the literature. Insufficient resources and the transience of clients are bar-
riers to improving hygiene behaviors and environmental conditions in homeless shelters. Further investment and
research into ensuring adequate hygiene and environmental health in this setting can protect and promote the
health and well-being of people experiencing homelessness.

1. Introduction across cultures and world regions. For measurement purposes, the
United Nations (U.N.) defines homelessness as “persons living in streets

The United Nations Special Rapporteur on the human right to or without shelter that would fall within the scope of living quarters;

adequate housing called homelessness the “most severe symptom of the
lack of respect for the right to adequate housing” (UN Office of the High
Commissioner for Human Rights, 2014). As a source of temporary and
crisis housing, homeless shelters play a pivotal role in meeting the basic
needs of people experiencing homelessness on a short-term basis.
Adequate environmental health conditions, opportunities to practice
good hygiene, and the implementation of control measures to prevent
disease transmission are necessary in shelters to protect and promote
the health of this marginalized population.

Homelessness is manifested, defined, and managed differently

persons with no place of usual residence who move frequently between
various types of accommodation (including dwellings, shelters or other
living quarters); persons who usually reside in long-term (also called
“transitional”) shelters or similar arrangements for the homeless”
(United Nations Department of Economic and Social Affairs Statistics
Division, 2017). Under this definition, the U.N. estimates 100 million
people worldwide are homeless (Kothari, 2005). The United States of
America (U.S.A.) Department of Housing and Urban Development es-
timates over 550,000 people experience homelessness each night in the
U.S.A., one-third of whom are in families and two-thirds of whom are in
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sheltered locations such as emergency shelters, transitional housing,
and safe havens (Henry et al., 2017). Homelessness may be more ex-
tensive than estimated, as surveys or shelter counts can miss inter-
mittent or short-term homelessness and those who deny they are ex-
periencing homelessness (Link et al., 1994).

Homelessness is associated with poverty, affordable housing
shortages, unemployment, substance abuse, and domestic violence, as
well as mental illness, particularly in the wake of deinstitutionalization
efforts (Belcher and Toomey, 1988; Fazel et al., 2014; UN Office of the
High Commissioner for Human Rights, 2014). Gender and sexual
minorities, racial minorities, and people with a history of imprisonment
are overrepresented in the homeless population (Cochran et al., 2002;
Jones, 2016; Metraux and Culhane, 2004).

The cyclical relationships between health and homelessness is well-
documented, where some health problems contribute to or are a con-
sequence of homelessness (Committee on Health Care for Homeless
People, 1988). There is a greater prevalence of infectious disease among
people experiencing homelessness. Human immunodeficiency virus
(HIV), hepatitis C, and tuberculosis are most documented, in addition to
skin problems such as scabies, pediculosis (lice), and the louse-trans-
mitted Bartonella quintana (Beijer et al., 2012; Fazel et al., 2014; Raoult
et al., 2001). Healthcare is complicated for people experiencing
homelessness who are often unable to access treatment or transporta-
tion to treatment (Committee on Health Care for Homeless People,
1988; Raoult et al., 2001). The prevalence of infectious diseases such as
HIV and high-risk behaviors such as substance abuse among people
experiencing homelessness presents an imperative for preventing and
controlling infectious diseases among this vulnerable population.

Homeless shelters can facilitate the transmission of infectious dis-
eases and contribute to their prevention and control among their clients
(Badiaga et al., 2008b; Raoult et al., 2001). Adequate environmental
health conditions and hygiene behaviors — including water supply, sa-
nitation, ventilation, waste management, vector management, hand-
washing, food-handling, and cleaning shared items — in homeless
shelters can protect the health of clients.

Previous systematic reviews have sought to characterize health
outcomes and healthcare interventions among the homeless, but the
literature on environmental health conditions and hygiene behaviors in
homeless shelters has not been comprehensively reviewed. Following
the launch of the Sustainable Development Goals (SDGs) in 2015, there
was increased attention to environmental health in non-household
settings, including involuntarily displaced person settings such as
homeless shelters, through goals such as SDG 6, which calls for uni-
versal access to basic water, sanitation, and hygiene services (Behnke
et al.,, 2018; Cronk et al., 2015; United Nations General Assembly,
2015). There is little data to characterize the patterns, levels, and trends
in environmental health services in these settings (Chatterley et al.,
2018).

We conducted a systematic scoping review of the literature on en-
vironmental health conditions and hygiene behaviors in homeless
shelters to explore:

e What evidence is available about hygiene behaviors and environ-
mental health conditions in homeless shelters, and what are the
documented associated health outcomes?

e What are the obstacles preventing improvements in hygiene beha-
viors and environmental health conditions in homeless shelters de-
scribed in this literature?

e What interventions have been reportedly successful in improving
hygiene, environmental health, and associated outcomes in home-
less shelters?

e What are the gaps in evidence regarding hygiene behaviors and
environmental health conditions in homeless shelters?
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2. Methods

We conducted our review according to the guidance of Peters et al.
(2015) (Peters et al., 2015). The review specifically concerned shelters
and not the homeless population and their interactions with other en-
vironments and settings.

2.1. Definitions

A homeless shelter was defined as a staffed institution that provides
overnight shelter on a temporary (non-permanent) basis for people
without homes or people seeking asylum from their homes due to abuse
or domestic violence. Institutions providing meals, healthcare, or other
services to the homeless without overnight accommodation were ex-
cluded. Environmental health conditions and hygiene behaviors were
defined to encompass water, sanitation, ventilation, air quality, waste
management, vectors, overcrowding, fomites or shared items, personal
hygiene, handwashing, and food hygiene.

2.2. Eligibility

Studies were included if they reported primary data on one or more
environmental health conditions or hygiene behaviors in a homeless
shelter. Press releases, news articles, and non-English publications were
excluded. There was no limit on the date of publication.

2.3. Search strategy

Search queries comprised a string of environmental health and hy-
giene terms and a string of settings terms (see supplementary mate-
rials). Settings terms included both homeless shelters and institutional
care settings for orphaned and abandoned children; only homeless
shelter studies are reviewed in this study.

Peer-reviewed studies were identified using PubMed, Web of
Science, Scopus, and EBSCOhost. The peer-reviewed literature search
was conducted on September 23, 2017. Three independent reviewers
screened titles and abstracts using Cochrane's Covidence software.
Abstracts approved by two reviewers were included in full-text
screening. A fourth reviewer resolved conflicts. Full texts approved by
two reviewers were included in the review.

The following websites were searched to identify grey literature:
United States Centers for Disease Control and Prevention (U.S. CDC);
United Nations Children's Fund (UNICEF); World Health Organization
(WHO); World Bank; RAND Corporation; UN-Documentation Centre on
Water and Sanitation; IRC WASH Library; and non-profit or non-gov-
ernmental organization websites identified through Google searches.
The grey literature search was updated in January 2018.

Additional studies were identified by screening references of in-
cluded studies.

2.4. Data extraction and synthesis

The following data were extracted from included studies: shelter
characteristics (location, managing authority, and capacity); docu-
mented environmental health conditions and hygiene behaviors; health
outcomes and population affected (number affected, risk factors that
would predispose clients to adverse health outcomes such as substance
abuse or chronic disease, and if staff were affected); implemented or
recommended interventions (infrastructural, behavioral, or adminis-
trative); obstacles and challenges to improving conditions; and study
limitations. We noted when studies claimed statistical significance for
their findings. Extracted data were tabulated to compare and sum-
marize findings. R software version 3.1.5 and RStudio 1.1.456 were
used to map relationships and findings using the “threejs” package. Due
to heterogeneity of collected data, meta-analysis was not performed.
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Fig. 1. Schematic of search strategy for a systematic scoping review on environmental health conditions and hygiene behaviors in homeless shelters.

3. Results
3.1. Search results and study characteristics

Twenty-eight studies satisfied the inclusion criteria, as shown in
Fig. 1. Table 1 lists the metadata for included studies and Table 2
summarizes extracted data.

Included studies were published between 1987 and 2017, with
study lengths ranging from a single day to seven years. The majority of
studies took place in the U.S.A. (n = 20, 75%), followed by France
(n =5, 18%) and Canada (n = 2, 7%); one study took place in India.
Common study designs included cross-sectional studies on shelter cli-
ents (n = 7, 25%), case studies on a shelter's environmental controls
(n = 7, 25%), and surveys of shelter clients or directors (n = 5, 18%).

The studies included over 180 distinct homeless shelters. Four stu-
dies included the same two shelters in Marseilles, France (Badiaga et al.,
2008a, 2005; Brouqui et al., 2005; Keita et al., 2013); three others
studied a single shelter in St. Louis, Missouri, U.S.A.(Coffey et al., 2009;
Martin, Jr. and Coffey, 2005; Misselbeck and Phillips, 2005). Ten stu-
dies (36%) included shelters managed by non-governmental organiza-
tions including faith-based organizations (Coffey et al., 2009; Martin,
Jr. and Coffey, 2005; Martin et al., 2014a, 2014b; 2013a, 2013b; 2013c;
Misselbeck and Phillips, 2005; Stratigos et al., 1999; Torres et al.,
1990); four studies (14%) concerned state-run shelters (Goel et al.,
2017; Gross and Rosenberg, 1987; Hudson et al., 2005; Nolan et al.,

1991); the remaining studies did not specify the managing authority.
Half of the studies from the U.S.A. or Canada had one or more authors
associated with the respective country's Centers for Disease Control and
Prevention (CDC) (Coffey et al., 2009; Curtis et al., 2000; Gross and
Rosenberg, 1987; Hudson et al., 2005; Martin, Jr. and Coffey, 2005;
Martin et al., 2014a, 2014b, 2013a, 2013b, 2013c).

Homeless shelters in included studies had 74-1001 beds. Ten studies
(36%) included shelters for adult men only, and one study included
only shelters for battered women and their children (Gross and
Rosenberg, 1987). The remaining studies included shelters accom-
modating a broader population or did not specify a particular popula-
tion. All shelters accommodated short-term clients; several also in-
cluded long-term clients, such as those too injured or sick to work, those
in a rehabilitation program, or military veterans. The shelters in the
study in India often housed people who were not homeless by the de-
finition cited in this paper, such as tourists who could not afford a hotel
(Goel et al., 2017).

3.2. Environmental health conditions and hygiene behaviors

Thirteen studies (46%) observed inadequate ventilation, insufficient
outdoor air supply, and/or the poor state of air-handling units in stu-
died shelters. Five studies (18%) noted overcrowded conditions. One
study found a subset of shelters isolate clients with diarrhea, while
others (n =4, 14%) noted an absence of procedures to isolate
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contagious clients. Two studies (7%) discussed concerns regarding
drinking water and sanitation in shelters, including occasional water
shortages and barriers to bathroom usage such as prohibitive cost or
wheelchair inaccessibility. One of these studies additionally noted
water quality was insufficient and there were no toilets at some shel-
ters. Fifteen studies (54%) mentioned clients were able or encouraged
to shower; another noted showers were often broken, without water, or
not wheelchair accessible. Ten studies (36%) noted shelters provided
clients a change of clothes and/or laundry services, while two others
found laundry services were sometimes broken or without water. Two
studies (7%) observed poor foot hygiene among shelter clients, and a
third observed poor personal hygiene more broadly. One study found
both handwashing and food-handling practices to be inadequate.
Physical objects that raised health concerns were bedding, blankets,
and mattresses (n = 5, 18%); floors, carpets, and walls (n = 2, 7%); and
personal belongings (n = 1, 4%). Further environmental health con-
cerns in shelters documented in the literature were second-hand smoke
exposure (n = 2, 7%), lack of pest control (n = 2, 7%), lack of fire
prevention measures (n = 1, 4%), lack of a designated area for dia-
pering infants (n = 1, 4%), and dampness (n = 1, 4%).

3.3. Reported pathogens and health outcomes

Fig. 2 shows potential associations between environmental health
conditions and hygiene behaviors and health outcomes documented in
the literature. Fifteen studies (54%) recorded Mycobacterium tuberculosis
infections, either active and latent, among shelter clients. Three of these
noted a client had died from tuberculosis (Curtis et al., 2000;
Misselbeck and Phillips, 2005; Nolan et al., 1991). Other bacterial in-
fections included methicillin-resistant Staphylococcus aureus (MRSA)
(n =1, 4%), Tropheryma whipplei (n = 1, 4%), and diarrheal illness
(n =1, 4%). Two studies (7%) recorded asthma or asthma-like symp-
toms in children staying in shelters. Five (18%) studied skin disease
among shelter clients, and one of these found louse-borne relapsing
fever and epidemic typhus resulting from skin diseases. Additional
health concerns were bed bug bites, generic eye and skin symptoms

Overcrowding

Poor
hygiene

Inadequate
ventilation

Unclean
bedding

Skin diseases
(includes lice,
scabies)

Diarrheal
illness

Tuberculosis infection

Other bacterial
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including keratoconjunctivitis from an ultraviolet germicidal irradia-
tion (UVGI) fixture, and pressure sores among physically disabled cli-
ents partially attributed to poor hygiene in a shelter. Five studies (18%)
included shelter staff in examinations or health outcome analyses
(Curtis et al., 2000; Gross and Rosenberg, 1987; Hudson et al., 2005;
Hwang et al., 2005; Nardell et al., 2008). Three of these studies re-
ported shelter staff experienced adverse health outcomes, including
diarrheal disease, bed bug bites, and a converted tuberculin skin test
(TST).

3.4. Reported and recommended interventions

Five studies (18%) described implementation of ventilation im-
provements in shelters, including cleaning air handling units (AHUs),
improving airflow with fans, increasing outdoor air supply by opening
windows and doors, upgrading air filter efficiency within AHUs, and
implementing a new heating, ventilation, and air conditioning (HVAC)
system. An additional seven studies (25%) recommended similar ven-
tilation improvements without documenting any implementation. UVGI
in the form of upper-room or in-duct fixtures within AHUs were in-
stalled in four studies (14%) and recommended in another seven (25%).
Seven studies (25%) recommended better maintenance of HVAC or UV
systems. Other recommended or documented infrastructural interven-
tions included building repairs and removing carpets to eliminate bed
bug infestations or asthma triggers. One study recommended improved
water, sanitation, and fire safety measures.

Six studies (21%) noted that shelter employees, volunteers, and/or
clients were trained on symptoms and prevention of tuberculosis, and a
seventh study recommended this. One study suggested similar educa-
tion be implemented for asthma. Further behavioral health re-
commendations included cleaning or disinfecting bedding and/or
mattresses regularly (n = 2); improved foot hygiene or foot hygiene
education among clients (n = 2); improved handwashing behaviors
(n = 1); and more frequent clothes changing among clients (n = 1).

Regarding administrative controls, six studies (21%) recommended
isolating contagious clients in a designated area of shelters, and one

Fig. 2. Environmental health and hygiene exposures
(red) and health outcomes (blue) in homeless shel-
ters. Arrows represent potential associations as
identified in the literature. Darker lines are indicative
of the number of studies documenting this potential
association. (For interpretation of the references to
colour in this figure legend, the reader is referred to
Poor foot the Web version of this article.)

hygiene

Second-hand
smoke

W
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noted clients without proof of a recent TST slept in a segregated area in
one shelter. Nine studies (32%) included shelters that required or of-
fered screening of new clients for tuberculosis or another infectious
disease, and three further studies recommended this. One study noted
that some included shelters had indoor clean air policies and re-
commended more shelters implement “no smoking areas” or a tobacco-
smoking ban on premises.

4. Discussion
4.1. Status of environmental health conditions and exposures

Inadequate ventilation, air flow patterns, outdoor air supply, and
other HVAC-related parameters are associated with the airborne
transmission of infectious agents in the built environment (Li et al.,
2007; Luongo et al., 2016). This is especially important in homeless
shelters where people sleep in close proximity and where the tubercu-
losis positivity is disproportionately high (Beijer et al., 2012). HVAC
engineering concerns are common in many facilities functioning as
homeless shelters that were not designed or built for that purpose
(Committee on Health Care for Homeless People, 1988). Facilities in
included studies included a converted office building (Martin et al.,
2014a), abandoned warehouse (Nolan et al.,, 1991), restaurant
(McElroy et al., 2003), factory (Nardell et al., 2008), school (Nardell
et al., 2008), and church basement (Nardell et al., 2008). Only one
study mentioned a facility built specifically to serve people experien-
cing homelessness; this shelter was characterized as having “state-of-
the-art” AHUs and well-maintained ventilation systems (Martin et al.,
2014b). Other HVAC concerns were caused by poor operation, in-
cluding closing ventilation during winter months to minimize heating
expenses (Nolan et al., 1991).

Apart from HVAC systems, the status of environmental health in-
frastructure in homeless shelters was not commonly discussed in the
literature. Few studies mention the availability of water, sanitation,
showers, or laundry services. While many might assume these services
are available to clients in many shelters included in this review, as most
are in high-income countries in North America and Europe that have
high water, sanitation, and hygiene coverage, in fact the few studies
that documented associated findings did not support this assumption.
Ho et al. (2007) noted water in a U.S.A. shelter was sometimes cut off
and bathrooms and showers were not wheelchair accessible (Ho et al.,
2007). As a result, some clients “had given up using the shelter bath-
room” and one stated they had not been able to take a shower in three
months due to accessibility and safety concerns (Ho et al., 2007). Goel
et al. (2017) found water shortages, poor water quality, unhygienic
toilets, and a lack of functioning laundry services in shelters in India.
Space outside shelters smelled from frequent urination, as many could
not afford to pay toilet use fees (Goel et al., 2017). Insufficient access to
free and available sanitation facilities among people experiencing
homelessness worldwide leads to open defecation and urination, par-
ticularly in the environment surrounding homeless shelters (Capone
et al., 2018; Stanwell-Smith, 2010). A study mapping over 100 pre-
sumptive human stools in Atlanta, Georgia, U.S.A. found 92% of open
defecation sites were within 400 m of a homeless shelter or soup
kitchen (Capone et al., 2018).

The two studies that note inadequacies in water, sanitation, and
hygiene infrastructure were two of three included studies that in-
corporated open-ended interviews with homeless shelter clients (Goel
et al., 2017; Ho et al., 2007). The third publication studied asthma, a
health outcome for which water, sanitation, and hygiene infrastructure
is less relevant (Buu et al., 2014). Direct feedback from clients may
highlight problems missed by researcher observations or conversations
with shelter staff or issues deemed not to be important by researchers.
Further research incorporating feedback from homeless shelter clients
is needed to better understand if their needs are being met by the en-
vironmental health conditions in shelters.
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Deficiencies in hygiene behaviors in shelters were less frequently
discussed in the literature than environmental health infrastructure
concerns. A study on diarrheal disease in women's shelters stated that
staff caring for both ill and well children while their mothers work may
not practice or understand the need for proper handwashing (Gross and
Rosenberg, 1987). The risk of foodborne illness is elevated in some
shelters where children have unrestricted access to kitchens or clients
help prepare dinner without proper hygiene. A study on Indian shelters
found inadequate food hygiene in one shelter where clients cook in
close proximity to a garbage-dumping site. Several studies mentioned
unclean bedding as a hygiene concern and source of bed bugs (Hwang
et al., 2005), lice (Brouqui et al., 2005), and asthma triggers (Buu et al.,
2014; Lefeuvre et al., 2016).

Overcrowded conditions are associated with increased person-to-
person transmission of infections (McNicholas et al., 2000). Some
homeless shelters operate at full capacity nightly (Badiaga et al., 2005;
Martin et al., 2014b) and over capacity frequently, especially in adverse
weather conditions (Martin et al., 2014a, 2013a). Further, they often
fail to isolate clients with infectious diseases. In included studies, spa-
cing between shelter beds was as small as twelve inches (30 cm) in one
study (Nolan et al., 1991) and up to three feet (1 m) in another that
noted mattresses were laid between beds as needed (Curtis et al., 2000).
Crisan et al. (2015) found sleeping in close proximity with an infected
individual in a shelter was not significantly associated with acquiring
tuberculosis, likely because clients moved about freely and used com-
munal spaces (Crisan et al., 2015). Some shelters have additional
people visiting or seeking other services in communal spaces during the
day (Curtis et al., 2000).

4.2. Reported pathogens and health outcomes

In agreement with reviews on the health of homeless populations,
most included studies documented tuberculosis and skin diseases
(Beijer et al., 2012; Fazel et al., 2014; Raoult et al., 2001). A large
proportion of tuberculosis studies were conducted by the U.S. CDC,
which has implemented tuberculosis control efforts through local
public health departments across the country. HIV, hepatitis C, hepatitis
B, and other bloodborne infections which are common among the
homeless population (Beijer et al., 2012; Raoult et al., 2001) were less
represented in this review, as these infections are largely associated
intravenous drug use. None of the included articles mentioned en-
vironmental health conditions or hygiene behaviors related to drug use,
such as access to clean needles or sharps disposals. A high prevalence of
nontuberculous respiratory infections including influenza and pneu-
monia has also been observed among the homeless (Plevneshi et al.,
2009; Raoult et al., 2001), but were not noted in any included studies.

4.3. Client population, risk factors

Estimates from the U.S.A. reveal nearly 40% of homeless persons
identify as women (Henry et al., 2017), yet over one-third of studies
included shelters designated for men only compared to a single study
including shelters designated for women and children only. Of the re-
maining studies, all that noted the gender of enrolled clients included
more men than women. Homeless women may face additional health
and hygiene challenges and risks such as pregnancy and menstrual
hygiene management, however, no included studies discussed this
(Ensign, 2000; Rimawi et al., 2014). The majority of studies did not
mention whether children were present at included shelters; notable
exceptions include two studies on pediatric asthma (Buu et al., 2014;
Lefeuvre et al., 2016), which has a high prevalence among homeless
children (Grant et al., 2007).

Racial minorities, sexual minorities, and disabled persons are
overrepresented in the homeless population. Accordingly, some in-
cluded studies from the U.S.A. noted high proportions of black,
Hispanic, and Native American clients (Badiaga et al., 2005; Ho et al.,
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2007; Nolan et al., 1991; Torres et al., 1990). With one exception, a
study emphasizing the needs of physically disabled individuals (Ho
et al., 2007), there were few mentions of physically or mentally dis-
abled individuals or sexual minorities in the included studies. These
populations may face stigmatization and challenges in having their
environmental health and hygiene needs accommodated in homeless
shelters that are not described in the literature (Cochran et al., 2002;
Jones, 2016).

Alcoholism and drug use among homeless shelter clients was noted
in several studies (Curtis et al., 2000; Misselbeck and Phillips, 2005;
Stratigos et al., 1999; Torres et al., 1990). Torres et al. (1990) found
over half of enrolled subjects reported active drug use, though none of
the included studies mentioned providing additional supports required
by this population, such as a clean needle supply or safe sharps disposal
(Torres et al., 1990). Stratigos et al. (1999) found over half of enrolled
subjects had a known history of alcoholism (Stratigos et al., 1999). In
addition to alcohol abuse, Curtis et al. (2000) found malnutrition was
common among shelter clients (Curtis et al., 2000). Prevalence of these
conditions, as well as tobacco smoking, which is more common in the
homeless than in the general population, can lead to health complica-
tions and predispose individuals to infections (Badiaga et al., 2008b;
Raoult et al., 2001).

A number of studies included shelter clients infected with HIV
(Brouqui et al., 2005; Curtis et al., 2000; Hudson et al., 2005; McElroy
et al., 2003; Misselbeck and Phillips, 2005; Stratigos et al., 1999; Torres
et al., 1990). A 2012 systematic review and meta-analysis found a
0.3-22.1% HIV prevalence in people experiencing homelessness, with a
prevalence ratio of 1-77 in homeless people versus the general popu-
lation in the same country (Beijer et al., 2012). Included studies in the
present review found 13-90% of shelter clients with active tuberculosis,
frequently 50% or more, were co-infected with HIV. In addition to
overall HIV prevalence, Torres et al. (1990) noted a 21% prevalence of
syphilis and a 43% prevalence of positive hepatitis B antibodies in
enrolled shelter clients (Torres et al., 1990). The prevalence of these
sexually transmitted infections in the homeless population place shelter
clients at higher risk of adverse health outcomes.

4.4. Reported and recommended interventions

The majority of tuberculosis outbreak studies described im-
plementation of or recommended ventilation improvements and/or
UVGI in affected shelters. These are both considered standard en-
vironmental controls for tuberculosis (Nardell, 2016). Few included
studies presented evidence these systems helped control or prevent
outbreaks. One study found cleaning and retrofitting AHUs reduced
respiratory complaints among clients (Misselbeck and Phillips, 2005)
and another noted a nearby shelter with a UV system saw fewer sec-
ondary cases of tuberculosis than the studied shelter with tighter bed
spacing and without a UV system. There was a mixture of upper-room
UVGI in high-risk rooms as well as in-duct UVGI within HVAC systems
in included studies. Some practitioners and researchers have raised
health concerns regarding the impact of upper-room systems on the
eyes and skin. In response, Nardell et al. (2008) conducted a double-
blind, placebo-controlled study of upper-room UVGI at 14 shelters over
seven years and found no statistically significant difference in reported
skin or eye symptoms (Nardell et al., 2008). However, authors did note
an incident of UV-related keratoconjunctivitis from a fixture installed
too close to beds, and another incident of elevated risk when main-
tenance staff at one shelter dusted fixtures while they were turned on.
This study highlights that while UVGI systems are safe when used
properly, it is important for shelter staff to be trained on safety proto-
cols.

Administrative controls should be implemented in conjunction with
infrastructural and behavioral interventions to improve and protect the
health of shelter clients. Misselbeck and Phillips (2005) described the
City of St. Louis Health Department's system to track the movement of
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homeless clients through the city's shelter network in order to identify,
find, evaluate, and treat tuberculosis contacts (Misselbeck and Phillips,
2005). This is especially useful when clients spend consecutive nights at
different shelters and can transmit infectious agents between shelters if
contagious or carrying vector-infested belongings (Hwang et al., 2005).
Screening clients using symptoms checklists or “TB cards” with TST
results and working closely with local health departments were
common themes in tuberculosis outbreak studies. Bass et al. (1990)
presents an example of a partnership between a family homeless shelter
and a hospital-based clinic to implement pre-entry medical evaluations
for shelter residents, which effectively prevented secondary infections
at the shelter (Bass et al., 1990). In addition to screening clients, the
U.S. CDC advises homeless shelter staff and volunteers be screened for
tuberculosis when they start work and every 6-12 months thereafter,
though this was not mentioned in included studies (Centers for Disease
Control, 1992). One included study recommended increased colla-
boration on tuberculosis screening with local jails where people ex-
periencing homelessness are frequently incarcerated (McElroy et al.,
2003).

4.5. Obstacles to improving environmental health conditions

The transience of homeless shelter clients makes studying, treating,
and intervening in this population difficult. There is loss to follow-up in
epidemiological studies and medical treatment regimens and obstacles
to implementing longitudinal education programs. Brouqui et al.
(2005) noted in a four-year investigation, only 48 clients (5%) were
observed two or more times and stated the turnover rate “may com-
plicate any educational program” (Brouqui et al., 2005). Buu et al.
(2014) similarly noted turnover of shelter clients as well as staff means
“frequent trainings would be necessary to maintain basic knowledge
levels” in regards to a potential asthma education program (Buu et al.,
2014). While a number of included studies documented implementa-
tion of or recommended health education programs within shelters,
none gave details about how such programs were or should be carried
out.

Many homeless shelters rely on donations, non-profit organizations,
and government grants for continued operation and face financial
constraints in improving environmental health conditions.
Infrastructural interventions may be prohibitively expensive. For ex-
ample, Hwang et al. (2005) found the total cost for bed bug control at
affected shelters averaged U.S.$3085 per shelter with a maximum of
U.S.$15,000 (Hwang et al., 2005). Misselbeck and Phillips (2005) noted
a UVGI system cost one shelter U.S.$25,000, and the process of ob-
taining this funding and getting proper approval was time consuming
for staff who are often already overworked (Misselbeck and Phillips,
2005). Buu et al. (2014) stated that while staff “have a strong desire” to
eliminate asthma triggers at one shelter, their schedules make it diffi-
cult to properly clean rooms, and economic constraints force them to
rely on donated furniture that may not be hygienic (Buu et al., 2014).
Meanwhile, parents staying in homeless shelters with asthmatic chil-
dren have little control over their living environment and find it diffi-
cult to minimize asthma triggers in these settings (Buu et al., 2014;
Lefeuvre et al., 2016).

4.6. Information gaps and limitations

Except one study of shelters in India, there were no studies con-
ducted in low- or middle-income countries. Several included American
and French studies had overlapping authorship, and many American
studies involving tuberculosis outbreaks were motivated by local public
health agencies.

Beyond North America and Europe, homelessness may be defined
and managed outside of the context of a “homeless shelter.” In seeking a
broad, globally applicable definition, the Institute of Global
Homelessness characterizes homelessness as “lacking access to
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minimally adequate housing,” which encompasses persons without any
accommodation, living in temporary or crisis accommodation, or living
in severely inadequate or insecure accommodation (Busch-Geertsema
et al,, 2016). While outside the scope of this review, for more in-
formation regarding environmental health and inadequate housing, see
references (Braubach and Fairburn, 2010; Gibson et al., 2011; Jacobs,
2011).

Because homeless shelters serve a primarily transient population, it
was not uncommon for studies to note participants were lost to follow-
up or could not be enrolled. This characteristic of homeless shelters also
presented difficulties in discerning an exact number of clients who may
have passed through shelters or been exposed to an infectious case for
purposes of reporting incidence rates. This limitation, as well as others
such as self-selection bias resulting from the sampling methods em-
ployed in several studies (Gross and Rosenberg, 1987; Stratigos et al.,
1999; Torres et al., 1990), makes it difficult to generalize findings from
a single study or subset of studies to other shelters. Furthermore, our
review did not incorporate homeless populations who live on the streets
or otherwise outside of a shelter environment, though these individuals
may visit a shelter or seek other services there. This population is likely
exposed to different adverse environmental health conditions or bar-
riers to maintaining adequate hygiene practice. Studies have found
people experiencing homelessness who sleep on the street or in open
spaces report poorer personal hygiene practices and less access to
water, sanitation, and hygiene facilities relative to those who utilize
shelters (Leibler et al.,, 2017; Neves-Silva et al., 2018; Uddin et al.,
2016). While many studies claimed an association between environ-
mental health conditions and hygiene behaviors of clients and staff
within a shelter itself, it is difficult to disaggregate the impact of the
shelter environment from the lifestyle of the homeless population more
generally.

4.7. Limitations of the review

Many included studies were descriptive cross-sectional studies and
were unsuitable for establishing a causal relationship between en-
vironmental health conditions and health outcomes for homeless po-
pulations in shelters. A few studies did not distinguish between the
health outcomes and environmental health conditions and hygiene
behaviors experienced by short-term clients relative to long-term cli-
ents, such as those too injured or sick to work, in a rehabilitation
program, or military veterans, who may be served with a higher stan-
dard of care. The search strategy did not include disease-related key
words, which may have excluded articles about health outcomes or
outbreaks that described environmental health conditions and hygiene
behaviors but did not have a related key word. Only studies written in
English were included in the review.

5. Conclusion

This systematic scoping review demonstrates inadequate homeless
shelter conditions and associated health outcomes for this marginalized
population. Insufficient ventilation systems, unhygienic bedding, and
overcrowding are frequently documented concerns in the literature.
Involvement by national and local authorities to inspect and monitor
these facilities according to guidelines for minimum essential environ-
mental health conditions can create incentives for incremental im-
provements. Further research on environmental health and hygiene
interventions, particularly research that addresses concerns of vulner-
able populations such as women and children, racial minorities, sexual
minorities, and disabled individuals, or research that incorporates di-
rect feedback from shelter clients, is needed to more fully assess how
the needs of this population are being met and to identify improvement
opportunties. Investment in improving environmental health conditions
and hygiene behaviors in homeless shelters will protect and promote
the health and well-being of people experiencing homelessness.

International Journal of Hygiene and Environmental Health 222 (2019) 335-346

Acknowledgements

The authors thank Dr. Stephen B. Martin for his helpful comments
on a draft of this article.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ijheh.2018.12.004.

References

Badiaga, S., Foucault, C., Rogier, C., Doudier, B., Rovery, C., Dupont, H.T., Castro, P.,
Raoult, D., Brouqui, P., 2008a. The effect of a single dose of oral ivermectin on
pruritus in the homeless. J. Antimicrob. Chemother. 62, 404-409. https://doi.org/10.
1093/jac/dkn161.

Badiaga, S., Menard, A., Tissot Dupont, H., Ravaux, 1., Chouquet, D., Graveriau, C.,
Raoult, D., Brouqui, P., 2005. Prevalence of skin infections in sheltered homeless.
Eur. J. Dermatol. 15, 382-386.

Badiaga, S., Raoult, D., Brouqui, P., 2008b. Preventing and controlling emerging and
reemerging transmissible diseases in the homeless. Emerg. Infect. Dis. 14,
1353-1359. https://doi.org/10.3201/eid1409.080204.

Bass, J.L., Brennan, P., Mehta, K.A., Kodzis, S., 1990. Pediatric problems in a suburban
shelter for homeless families. Pediatrics 85, 33-38.

Behnke, N., Cronk, R., Snel, M., Moffa, M., Tu, R., Banner, B., Folz, C., Anderson, D.,
Mclntyre, A., Stowe, E., Bartram, J., 2018. Improving environmental conditions for
involuntarily displaced populations: water, sanitation, and hygiene in orphanages,
prisons, and refugee and IDP settlements. J. Water, Sanit. Hyg. Dev. Submitted 1-7.
https://doi.org/10.2166/washdev.2018.019.

Beijer, U., Wolf, A., Fazel, S., 2012. Prevalence of tuberculosis, hepatitis C virus, and HIV
in homeless people: A systematic review and meta-analysis. Lancet Infect. Dis. 12,
859-870. https://doi.org/10.1016/51473-3099(12)70177-9.

Belcher, J., Toomey, B.G., 1988. Relationship between the deinstitutionalization model,
psychiatric disability, and homelessness. Heal. Soc. Work Spring 145-153.

Braubach, M., Fairburn, J., 2010. Social inequities in environmental risks associated with
housing and residential location - A review of evidence. Eur. J. Public Health 20,
36-42. https://doi.org/10.1093/eurpub/ckp221.

Brouqui, P., Stein, A., Dupont, H.T., Gallian, P., Badiaga, S., Rolain, J.M., Mege, J.L., La
Scola, B., Berbis, P., Raoult, D., 2005. Ectoparasitism and vector-borne diseases in
930 homeless people from Marseilles. Medicine (Baltim.) 84, 61-68. https://doi.org/
10.1097/01.md.0000152373.07500.6e.

Busch-Geertsema, V., Culhane, D., Fitzpatrick, S., 2016. Developing a global framework
for conceptualising and measuring homelessness. Habitat Int. 55, 124-132. https://
doi.org/10.1016/j.habitatint.2016.03.004.

Buu, M.C,, Carter, L., Bruce, J.S., Baca, E.A., Greenberg, B., Chamberlain, L.J., 2014.
Asthma, tobacco smoke and the indoor environment: A qualitative study of sheltered
homeless families. J. Asthma 51, 142-148. https://doi.org/10.3109/02770903.2013.
857682.

Capone, D., Ferguson, A., Gribble, M.O., Brown, J., 2018. Open defecation sites, unmet
sanitation needs, and potential sanitary risks in Atlanta, Georgia, 2017-2018. Am. J.
Public Health 108, 1238-1240. https://doi.org/10.2105/AJPH.2018.304531.

Centers for Disease Control, 1992. Prevention and control of tuberculosis in U.S. com-
munities with at-risk minority populations: recommendations of the Advisory Council
for the Elimination of Tuberculosis and Prevention and control of tuberculosis among
homeless persons: recommendations of. MMWR (Morb. Mortal. Wkly. Rep.) 41.

Chatterley, C., Slaymaker, T., Badloe, C., Nouvellon, A., Bain, R., Johnston, R., 2018.
Institutional WASH in the SDGs: data gaps and opportunities for national monitoring.
J. Water Sanit. Hyg. Dev. washdev2018031. https://doi.org/10.2166/washdev.
2018.031.

Cochran, B.N., Stewart, A.J., Ginzler, J.A., Cauce, A.M., 2002. Challenges faced by
homeless sexual minorities: Comparison of gay, lesbian, bisexual, and transgender
homeless adolescents with their heterosexual counterparts. Am. J. Public Health 92,
773-777. https://doi.org/10.2105/AJPH.92.5.773.

Coffey, C.C., Hudnall, J.B., Martin, S.B., 2009. Improving the environmental controls at a
homeless shelter to assist in reducing the probability of airborne transmission of
mycobacterium tuberculosis: A case study. Indoor Built Environ. 18, 168-182.
https://doi.org/10.1177/1420326X09103008.

Committee on Health Care for Homeless People, 1988. Homelessness, Health, and Human
Needs.

Crisan, A., Wong, H.Y., Johnston, J.C., Tang, P., Colijn, C., Otterstatter, M., Hiscoe, L.,
Parker, R., Pollock, S.L., Gardy, J.L., 2015. Spatio-temporal analysis of tuberculous
infection risk among clients of a homeless shelter during an outbreak. Int. J.
Tubercul. Lung Dis. 19, 1033-1038. https://doi.org/10.5588/ijtld.14.0957.

Cronk, R., Slaymaker, T., Bartram, J., 2015. Monitoring Drinking Water, Sanitation, and
Hygiene in Non-Household Settings: Priorities for Policy and Practice. Int. J. Hyg
Environ. Health. https://doi.org/10.1016/].ijheh.2015.03.003.

Curtis, A.B., Ridzon, R., Novick, L.F., Driscoll, J., Blair, D., Oxtoby, M., McGarry, M.,
Hiscox, B., Faulkner, C., Taber, H., Valway, S., Onorato, I.M., 2000. Analysis of
Mycobacterium tuberculosis transmission patterns in a homeless shelter outbreak.
Int. J. Tubercul. Lung Dis. 4, 308-313.

Ensign, J., 2000. Reproductive Health of Homeless Adolescent Women in Seattle,
Washington, USA Josephine. Women Health 31, 117-131. https://doi.org/10.1300/


https://doi.org/10.1016/j.ijheh.2018.12.004
https://doi.org/10.1016/j.ijheh.2018.12.004
https://doi.org/10.1093/jac/dkn161
https://doi.org/10.1093/jac/dkn161
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref2
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref2
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref2
https://doi.org/10.3201/eid1409.080204
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref4
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref4
https://doi.org/10.2166/washdev.2018.019
https://doi.org/10.1016/S1473-3099(12)70177-9
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref7
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref7
https://doi.org/10.1093/eurpub/ckp221
https://doi.org/10.1097/01.md.0000152373.07500.6e
https://doi.org/10.1097/01.md.0000152373.07500.6e
https://doi.org/10.1016/j.habitatint.2016.03.004
https://doi.org/10.1016/j.habitatint.2016.03.004
https://doi.org/10.3109/02770903.2013.857682
https://doi.org/10.3109/02770903.2013.857682
https://doi.org/10.2105/AJPH.2018.304531
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref13
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref13
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref13
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref13
https://doi.org/10.2166/washdev.2018.031
https://doi.org/10.2166/washdev.2018.031
https://doi.org/10.2105/AJPH.92.5.773
https://doi.org/10.1177/1420326X09103008
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref17
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref17
https://doi.org/10.5588/ijtld.14.0957
https://doi.org/10.1016/j.ijheh.2015.03.003
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref20
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref20
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref20
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref20
https://doi.org/10.1300/J013v31n02

M. Moffa et al.

J013v31n02.

Fazel, P.S., Geddes, J.R., Kushel, M., 2014. The health of homeless people in high-income
countries : descriptive epidemiology , health consequences , and clinical and policy
recommendations. Lancet 384, 1529-1540. https://doi.org/10.1016/50140-
6736(14)61132-6.

Gibson, M., Petticrew, M., Bambra, C., Sowden, A.J., Wright, K.E., Whitehead, M., 2011.
Housing and health inequalities: A synthesis of systematic reviews of interventions
aimed at different pathways linking housing and health. Health Place 17, 175-184.
https://doi.org/10.1016/j.healthplace.2010.09.011.

Goel, G., Ojha, M.K., Ghosh, P., 2017. Urban homeless shelters in India: Miseries untold
and promises unmet. Cities 71, 88-96. https://doi.org/10.1016/j.cities.2017.07.006.

Grant, R., Shapiro, A., Joseph, S., Goldsmith, S., Rigual-Lynch, L., Redlener, 1., 2007. The
Health of Homeless Children Revisited. Adv. Pediatr. 54, 173-187. https://doi.org/
10.1016/j.yapd.2007.03.010.

Gross, T.P., Rosenberg, M.L., 1987. Shelters for battered women and their children: An
under-recognized source of communicable disease transmission. Am. J. Public Health
77, 1198-1201. https://doi.org/10.2105/AJPH.77.9.1198.

Henry, M., Watt, R., Rosenthal, L., Shivji, A., Abt Associates, 2017. The 2017 Annual
Homeless Assessment Report to Congress. U.S. Dep. Hous. Urban Dev.. .

Ho, P.-S., Kroll, T., Kehn, M., Anderson, P., Pearson, K.M., 2007. Health and housing
among low-income adults with physical disabilities. J. Health Care Poor Underserved
18, 902-915. https://doi.org/10.1353/hpu.2007.0098.

Hudson, J., Van Zetta, S., Brissette, B., Driver, C., Macaraig, M., Winters, A., Poonja, S.,
Munsiff, S., Beatty, M., Marder, D., Gutkovich, A., Oxtoby, M., Grabau, J., Driscoll, J.,
Smith, P., Coronado, F., Transmission, T., Population, H.S., York, N., States, U.,
States, U., January—july, D., York, N., New, T., City, Y., Services, H., Hygiene, M.,
2005. Tuberculosis Transmission in a Homeless Shelter Population — New York, 2000-
2003. CDC MMWR 54, 149-152.

Hwang, S.W., Svoboda, T.J., De Jong, L.J., Kabasele, K.J., Gogosis, E., 2005. Bed bug
infestations in an urban environment. Emerg. Infect. Dis. 11, 533-538. https://doi.
org/10.3201/eid1104.041126.

Jacobs, D.E., 2011. Environmental health disparities in housing. Am. J. Public Health
101, 115-122. https://doi.org/10.2105/AJPH.2010.300058.

Jones, M.M., 2016. Does Race Matter in Addressing Homelessness? A Review of the
Literature. World Med. Health Pol. 8, 129-156. https://doi.org/10.1016/j.cogdev.
2010.08.003.Personal.

Keita, A.K., Brouqui, P., Badiaga, S., Benkouiten, S., Ratmanov, P., Raoult, D., Fenollar, F.,
2013. Tropheryma whipplei prevalence strongly suggests human transmission in
homeless shelters. Int. J. Infect. Dis. 17, e67-e68. https://doi.org/10.1016/j.ijid.
2012.05.1033.

Kothari, M., 2005. Report of the Special Rapporteur on adequate housing as a component
of the right to an adequate standard of living. United Nations Econ. Soc. Counc.
Comm. Hum. Rights Sixty-firs. https://doi.org/10.1017/50020818300006640.

Lefeuvre, D., Delmas, M.C., Marguet, C., Chauvin, P., Vandentorren, S., 2016. Asthma-like
symptoms in homeless children in the Greater Paris Area in 2013: Prevalence, as-
sociated factors and utilization of healthcare services in the ENFAMS survey. PLoS
One. https://doi.org/10.1371/journal.pone.0153872.

Leibler, J.H., Nguyen, D.D., Ledn, C., Gaeta, J.M., Perez, D., 2017. Personal hygiene
practices among urban homeless persons in Boston, MA. Int. J. Environ. Res. Publ.
Health 14. https://doi.org/10.3390/ijerph14080928.

Li, Y., Leung, G.M., Tang, J.W., Yang, X., Chao, C.Y.H., Lin, J.Z., Lu, J.W., Nielsen, P.V.,
Niu, J., Qian, H., Sleigh, A.C., Su, H.J.J., Sundell, J., Wong, T.W., Yuen, P.L., 2007.
Role of ventilation in airborne transmission of infectious agents in the built en-
vironment - A multidisciplinary systematic review. Indoor Air 17, 2-18. https://doi.
org/10.1111/j.1600-0668.2006.00445.x.

Link, B.G., Susser, E., Stueve, A., Phelan, J., Moore, R.E., Struening, E., 1994. Lifetime and
Five-Year Prevalence of Homelessness in the United States. Am. J. Public Health 84,
1907-1912. https://doi.org/10.2105/AJPH.84.12.1907.

Luongo, J.C., Fennelly, K.P., Keen, J.A., Zhai, Z.J., Jones, B.W., Miller, S.L., 2016. Role of
mechanical ventilation in the airborne transmission of infectious agents in buildings.
Indoor Air 26, 666-678. https://doi.org/10.1111/ina.12267.

Martin Jr., S.B., Coffey, C.C., 2005. NIOSH Health Hazard Evaluation Report. Salvation
Army Harbor Light Center, St. Louis, Missouri.

Martin, S.B., Lawrence, P.R.B., Mead, K.R., 2014a. Evaluation of Environmental Controls
at a Faith-Based Homeless Shelter Associated with a Tuberculosis Outbreak — Texas.

Martin, S.B., Lawrence, P.R.B., Mead, K.R., 2014b. Evaluation of Environmental Controls
at a Homeless Shelter Associated with a Tuberculosis Outbreak — Texas.

Martin, S.B., Mead, K.R., Lawrence, P.R.B., Beaty, M.C., 2013a. Evaluation of
Environmental Controls at a Homeless Shelter (City Rescue Mission—-New Life Inn)
Associated with a Tuberculosis Outbreak — Florida.

Martin, S.B., Mead, K.R., Lawrence, P.R.B., Beaty, M.C., 2013b. Evaluation of
Environmental Controls at a Homeless Shelter Complex (City Rescue Mission-McDuff
Campus) Associated with a Tuberculosis Outbreak — Florida.

346

International Journal of Hygiene and Environmental Health 222 (2019) 335-346

Martin, S.B., Mead, K.R., Lawrence, P.R.B., Beaty, M.C., 2013c. Evaluation of
Environmental Controls at a Homeless Shelter (Trinity Rescue Mission) Associated
with a Tuberculosis Outbreak — Florida.

Mayo, K., White, S., Oates, S.K., Franklin, F., 1996. Community collaboration: prevention
and control of tuberculosis in a homeless shelter. Publ. Health Nurs. 13, 120-127.

McElroy, P.D., Southwick, K.L., Fortenberry, E.R., Levine, E.C., Diem, L.A., Woodley, C.L.,
Williams, P.M., McCarthy, K.D., Ridzon, R., Leone, P.A., 2003. Outbreak of
Tuberculosis Among Homeless Persons Coinfected with Human Immunodeficiency
Virus. Clin. Infect. Dis. 36, 1305-1312. https://doi.org/10.1086,/374836.

McNicholas, A., Lennon, D., Crampton, P., How den-Chapman, P., 2000. Overcrowding
and infectious diseases — when will we learn the lessons of our past? N. Z. Med. J.
113, 453-454.

Metraux, S., Culhane, D.P., 2004. Homeless Shelter Use and Reincarceration Following
Prison Release. Criminol. Public Policy 3, 139-160. https://doi.org/10.1111/j.1745-
9133.2004.tb00031.x.

Misselbeck, T., Phillips, L., 2005. New and Old Ideas Blend Well at Harbor Light Shelter.
CDC TB Notes 1.

Nardell, E.A., 2016. Transmission and institutional infection control of tuberculosis. Cold
Spring Harb. Perspect. Med. 6. https://doi.org/10.1101/cshperspect.a018192.

Nardell, E.A., Bucher, S.J., Brickner, P.W., Wang, C., Vincent, R.L., Becan-McBride, K.,
James, M.A., Michael, M., Wright, J.D., 2008. Safety of upper-room ultraviolet ger-
micidal air disinfection for room occupants: Results from the Tuberculosis Ultraviolet
Shelter Study. Publ. Health Rep. 123, 52-60. https://doi.org/10.1177/
003335490812300108.

Neves-Silva, P., Martins, G.I., Heller, L., 2018. “A gente tem acesso de favores, né?”. A
percepgao de pessoas em situacdo de rua sobre os direitos humanos a dgua e ao
esgotamento sanitario. Cad. Saide Publica 34. https://doi.org/10.1590/0102-
311x00024017.

Nolan, C.M., Elarth, A.M., Barr, H., Mahdi Saeed, A., Risser, D.R., 1991. An Outbreak of
Tuberculosis in a Shelter for Homeless: A Description of its Evolution and Control.
Am. Rev. Respir. Dis. 143, 257-261.

Ottomeyer, M., Graham, C.D., Legg, A.D., Cooper, E.S., Law, C.D., Molani, M.,
Matevossian, K., Marlin, J., Williams, C., Newman, R., Wasserman, J.A., Segars, L.W.,
Taylor, T.A.H., 2016. Prevalence of nasal colonization by methicillin-resistant sta-
phylococcus aureus in persons using a homeless shelter in Kansas city. Front. Public
Heal 4. https://doi.org/10.3389/fpubh.2016.00234.

Peters, M.D.J., Godfrey, C.M., Khalil, H., McInerney, P., Parker, D., Soares, C.B., 2015.
Guidance for conducting systematic scoping reviews. Int. J. Evid. Base. Healthc. 13,
141-146. https://doi.org/10.1097/XEB.0000000000000050.

Plevneshi, A., Svoboda, T., Armstrong, 1., Tyrrell, G., Miranda, A., Green, K., Low, D.,
McGeer, A., Chen, D., Davis, L., Kitai, 1., Devila, E., Devlin, H.R., Muller, M., Dick, H.,
Downey, J., Powis, J., Garrod, P., Rau, N., Grossman, R., Sarabia, A., Jamieson, F.,
Kapala, J., Krajden, S., Lee, K.S., Baqi, M., Loeb, M., Smaill, F., Lovinsky, R., Rose, D.,
Braithwaite, J., Lovgren, M., Matlow, A.G., Richardson, S., Mederski, B., Katz, K.,
Moloo, Z., Richardson, D., Quan, C., Naus, M., Ostrowska, K., Shokry, P., Simor, A.E.,
Vearncombe, M., Sturman, D., Van Nostrand, P., Walmsley, S., Gold, W., Willey, B.,
Pong-Porter, S., Yaffe, B., Yamamura, D., Silverman, M., Robertson, R., Volkening, G.,
2009. Population-based surveillance for invasive pneumococcal disease in homeless
adults in Toronto. PLoS One 4, 1-7. https://doi.org/10.1371/journal.pone.0007255.

Raoult, D., Foucault, C., Brouqui, P., 2001. Infections in the homeless. Lancet Infect. Dis.
1, 77-84. https://doi.org/10.1016/51473-3099(01)00062-7.

Rimawi, B.H., Mirdamadi, M., John, J.F., 2014. Infections and homelessness: Risks of
increased infectious diseases in displaced women. World Med. Health Pol. 6,
118-132. https://doi.org/10.1002/wmh3.95.

Stanwell-Smith, R., 2010. Public toilets down the drain? Why privies are a public health
concern. Publ. Health 124, 613-616. https://doi.org/10.1016/j.puhe.2010.07.002.

Stratigos, A.J., Stern, R., Gonzalez, E., Johnson, R.A., O'Connell, J., Dover, J.S., 1999.
Prevalence of skin disease in a cohort of shelter-based homeless men. J. Am. Acad.
Dermatol. 41, 197-202. https://doi.org/10.1016/50190-9622(99)70048-4.

Torres, R.A., Mani, S., Altholz, J., Brickner, P.W., 1990. Human immunodeficiency virus
infection among homeless men in a New York City shelter: Association with
Mycobacterium tuberculosis infection. Arch. Intern. Med. 150, 2030-2036. https://
doi.org/10.1001/archinte.1990.00390210032009.

Uddin, S.M.N., Walters, V., Gaillard, J.C., Hridi, S.M., McSherry, A., 2016. Water, sani-
tation and hygiene for homeless people. J. Water Health 14, 47-51. https://doi.org/
10.2166/wh.2015.248.

UN Office of the High Commissioner for Human Rights, 2014. Fact Sheet No. 21: The
Right to Adequate Housing. https://doi.org/10.1017/CB09781107415324.004.

United Nations Department of Economic and Social Affairs Statistics Division, 2017.
Principles and recommendations for population and housing censuses - Revision 3.
https://doi.org/10.1164/rccm.200404-4810C.

United Nations General Assembly, 2015. Draft Resolution A/69/L.85: Transforming Our
World: The 2030 Agenda for Sustainable Development.


https://doi.org/10.1300/J013v31n02
https://doi.org/10.1016/S0140-6736(14)61132-6
https://doi.org/10.1016/S0140-6736(14)61132-6
https://doi.org/10.1016/j.healthplace.2010.09.011
https://doi.org/10.1016/j.cities.2017.07.006
https://doi.org/10.1016/j.yapd.2007.03.010
https://doi.org/10.1016/j.yapd.2007.03.010
https://doi.org/10.2105/AJPH.77.9.1198
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref27
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref27
https://doi.org/10.1353/hpu.2007.0098
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref29
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref29
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref29
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref29
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref29
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref29
https://doi.org/10.3201/eid1104.041126
https://doi.org/10.3201/eid1104.041126
https://doi.org/10.2105/AJPH.2010.300058
https://doi.org/10.1016/j.cogdev.2010.08.003.Personal
https://doi.org/10.1016/j.cogdev.2010.08.003.Personal
https://doi.org/10.1016/j.ijid.2012.05.1033
https://doi.org/10.1016/j.ijid.2012.05.1033
https://doi.org/10.1017/S0020818300006640
https://doi.org/10.1371/journal.pone.0153872
https://doi.org/10.3390/ijerph14080928
https://doi.org/10.1111/j.1600-0668.2006.00445.x
https://doi.org/10.1111/j.1600-0668.2006.00445.x
https://doi.org/10.2105/AJPH.84.12.1907
https://doi.org/10.1111/ina.12267
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref40
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref40
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref41
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref41
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref42
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref42
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref43
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref43
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref43
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref44
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref44
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref44
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref45
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref45
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref45
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref2s
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref2s
https://doi.org/10.1086/374836
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref47
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref47
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref47
https://doi.org/10.1111/j.1745-9133.2004.tb00031.x
https://doi.org/10.1111/j.1745-9133.2004.tb00031.x
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref49
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref49
https://doi.org/10.1101/cshperspect.a018192
https://doi.org/10.1177/003335490812300108
https://doi.org/10.1177/003335490812300108
https://doi.org/10.1590/0102-311x00024017
https://doi.org/10.1590/0102-311x00024017
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref53
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref53
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref53
https://doi.org/10.3389/fpubh.2016.00234
https://doi.org/10.1097/XEB.0000000000000050
https://doi.org/10.1371/journal.pone.0007255
https://doi.org/10.1016/S1473-3099(01)00062-7
https://doi.org/10.1002/wmh3.95
https://doi.org/10.1016/j.puhe.2010.07.002
https://doi.org/10.1016/S0190-9622(99)70048-4
https://doi.org/10.1001/archinte.1990.00390210032009
https://doi.org/10.1001/archinte.1990.00390210032009
https://doi.org/10.2166/wh.2015.248
https://doi.org/10.2166/wh.2015.248
https://doi.org/10.1017/CBO9781107415324.004
https://doi.org/10.1164/rccm.200404-481OC
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref64
http://refhub.elsevier.com/S1438-4639(18)30790-9/sref64

	A systematic scoping review of environmental health conditions and hygiene behaviors in homeless shelters
	Introduction
	Methods
	Definitions
	Eligibility
	Search strategy
	Data extraction and synthesis

	Results
	Search results and study characteristics
	Environmental health conditions and hygiene behaviors
	Reported pathogens and health outcomes
	Reported and recommended interventions

	Discussion
	Status of environmental health conditions and exposures
	Reported pathogens and health outcomes
	Client population, risk factors
	Reported and recommended interventions
	Obstacles to improving environmental health conditions
	Information gaps and limitations
	Limitations of the review

	Conclusion
	Acknowledgements
	Supplementary data
	References




