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Abstract Methicillin-resistant Staphylococcus aure-
us (MRSA) infection is a leading cause of hospitali-
zation and medical visits among individuals
experiencing homelessness and also among persons
who inject drugs (PWID), populations with signifi-
cant overlap in urban centers in the USA. While
injection drug use is a risk factor for MRSA skin
infections, MRSA is also known to transmit easily
in crowded, public locations in which individuals
have reduced personal hygiene. Individuals in urban
centers who experience homelessness or drug addic-
tion may spend significant amounts of time in envi-
ronments where MRSA can be easily transmitted,
and may also experience reduced access to facilities
to maintain personal hygiene. We assessed the rela-
tionship between homelessness, personal hygiene,

and MRSA nasal colonization, a proxy for MRSA
infection risk, in a study of PWID in Boston, MA
(n = 78). Sleeping in a homeless shelter for at least
one night in the last 3 months was significantly
associated with MRSA nasal colonization (OR 3.0;
p = 0.02; 95% CI 1.2, 7.6). Sleeping at more than one
place during the last week (considered a metric of
elevated housing instability) was also associated with
a threefold increase in odds of MRSA nasal coloni-
zation (OR 3.1; p = 0.01; 95% CI 1.3, 7.6). MRSA
nasal colonization was strongly associated with use
of public showers (OR 13.7; p = 0.02; 95% CI 1.4,
132.8), although few people in this study (4 of 78)
reported using these public facilities. Sharing bed-
ding with other people was also associated with in-
creased risk of MRSA colonization (OR 2.2; p =
0.05; 95% CI 1.0–4.7). No associations between
hand hygiene, frequency of bathing or clothes laun-
dering, or street sleeping were observed. Use of pub-
lic facilities supporting persons experiencing home-
lessness and housing instability, including shelters
and public showers, is associated with an increased
risk of MRSA nasal colonization in this study. Per-
sonal hygiene behaviors appear less associated with
MRSA nasal colonization. Environmental assess-
ments of MRSA contamination in homeless shelters
and public sanitation facilities are warranted so as to
inform appropriate intervention activities.
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Background

Skin infections are a leading cause of hospitalization,
medical care–seeking and healthcare costs among per-
sons who inject drugs (PWID) in the USA [1, 2].
Methicillin-resistant Staphylococcus aureus (MRSA) is
the most common etiological agent of these difficult-to-
treat, and often recurrent, infections [3, 4]. MRSA in-
fection can cause a range of clinical manifestations,
from folliculitis to bacteremia and sepsis [5]. Research
and interventions to reduce incidence of bacterial skin
infections are critical to improving health and reducing
medical costs associated with injection drug use. How-
ever, specific injection practices associated with MRSA
infection remain unclear, and research findings on this
topic are inconsistent in the literature [6–8]. Efforts to
understand the broader context of MRSA ecology
among PWID are needed to improve intervention.

In urban areas in the USA, there is broad overlap
between substance misuse, homelessness, and housing
instability [9–11]. Homelessness is associated with in-
creased risk ofMRSA nasal colonization independent of
drug use as well as increased prevalence of skin infec-
tion [12–14]. Skin infections are a dominant cause of
medical visits among homeless persons [15, 16]. Eval-
uating MRSA risk factors in the context of the co-
exposures of injection drug use and homelessness is a
critical component of prevention.

MRSA can be transmitted in crowded places, espe-
cially in locations where individuals have reduced access
to personal hygiene [17, 18]. Additionally, reduced per-
sonal hygiene has also been associated with increased
risk of tMRSA ransmission, even in the context of non-
crowded environments [19]. Hand hygiene in particular is
a well-established risk factor for MRSA transmission
within hospital environments [20–23]. PWID, especially
those who experience homelessness or housing instabil-
ity, may spend time in locations with elevated risk of
MRSA contamination, including day centers, homeless
shelters, hospitals, or prisons. These locations may pose
MRSA exposure risk independent from injection prac-
tices. Likewise, urban PWIDmay face curtailed access to
personal hygiene activities, such as showering, dental and
hand hygiene, and laundry, as a result of housing insta-
bility or addiction, and substance use itself is associated
with reduced attention to self-care [24].

Staphylococcus aureus is a commensal of the respira-
tory microbiome, colonizing upwards of 30% of the
general population [25]. MRSA nasal colonization is

much less common, affecting less than 2% of the US
general public [26]. MRSA nasal colonization is associ-
ated with increased risk of skin infection [27]. Nasal
screening forMRSA is a common tool to identify persons
at elevated infection risk and is commonly performed in
Emergency Departments, as well as in epidemiologic
studies as a marker of elevated infection risk [28].

In this study, we assessed the relationship between
personal hygiene behaviors, experiences of homeless-
ness and housing instability, and MRSA nasal coloniza-
tion in a study of urban PWID enrolled in a longitudinal
intervention study in Boston, MA.We hypothesized that
the use of public facilities for sleep and hygiene, as well
as reduced personal hygiene behaviors, would increase
risk of MRSA nasal colonization in this population. Our
goal was to better inform infection reduction efforts.

Methods

Study Design The Skin and Needle Intervention (SKIN)
study is a longitudinal, randomized trial to evaluate a
motivational interviewing-based educational interven-
tion to reduce incident injection-related bacterial skin
infection among PWID in Boston, MA. In the parent
study, which is currently ongoing, participants are iden-
tified and recruited within 4 days of inpatient admission
at Boston Medical Center, an urban, safety net hospital.
Participants are randomized to an educational interven-
tion program focused on needle and skin cleaning skills
or to standard hospital care condition, which includes
only HIV testing and counseling. Participants are then
followed at 1 week, and 1, 3, 6, 9, and 12 months to
assess prevalence of high-risk injection practices and
bacterial infection. Eligibility criteria included the fol-
lowing: recent injection drug use (at least 3 days out of
the week prior to hospital admission), spoken English
language proficiency, the ability to return to BMC for
follow-up, at least two additional contacts with valid
phone numbers, and no known upcoming prison sen-
tence or planned move from the region.

We recruited all SKIN participants who received either
a baseline or follow-up assessment from October 2016 to
April 2018 to join a nested study on risk factors forMRSA
nasal colonization. Interested participants provided a nasal
swab specimen and a brief interview about hygiene be-
haviors and homelessness at their regular SKIN study
assessments. Interviews and specimen collection were
conducted by trained SKIN research assessors.
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Questions about personal hygiene included the follow-
ing: frequency of hand washing or sanitizer use during the
day; frequency of bathing or showering during a typical
week, method of bathing or showering (sink, bath, shower,
washing up at the sink), bathing/showering location
(home, home of friend or family member, shelter, jail,
halfway house, residential treatment facility, detox facility,
public bathroom facility (public showers), or hospital);
frequency and method for laundering clothing (sink with-
out soap in a public restroom or shelter, sink with soap in a
public restroom or shelter, laundromat, shelter washing
machine or service, at my home); whether the individual
shared clothing, towels, or bedding with other people;
location of sleep in the last 90 days (own home, family
member or friend’s home, shelter, street, hospital, prison,
detox facility, and residential treatment); and the number
of different places slept in the last week (same place all
week; 2–3 different places; > 3 different places). We de-
fined housing instability using dichotomized responses to
the latter question, with more than one location of sleep in
the last week indicative of elevated housing instability.

Laboratory Analysis The nasal swab specimens were
maintained in refrigerated conditions for fewer than 2 h
after collection and transported by hand to the Boston
University Medical Center (BUMC) Clinical Microbiolo-
gy andMolecular Diagnostics Laboratory. At the lab, nasal
specimens were refrigerated and cultured on the day of
collection usingmanufacturer-specified protocol forRemel
Spectra chromagar plates (Remel, Lenexa, KS, USA).

Statistical Analysis Hygiene and housing variables
were evaluated descriptively. Prevalence of MRSA na-
sal colonization was assessed at any time during the
study period and participants were designated as MRSA
colonized if they had at least one positive nasal swab
specimen at any time during the study period. We used
univariate logistic regression with clustering of standard
errors to evaluate risk factors for MRSA nasal coloni-
zation across repeated sampling, employing a 0.05
threshold to identify statistical significance. All analyses
were conducted in Stata 15 (StataCorp, TX, USA) [29].

Results

Study Population Demographic data are presented in
Table 1. Of 108 individuals eligible to join the nested

study, 78 (72.2%) agreed to do so. Mean age of partic-
ipants was 39 years. Approximately half identified as
non-white, and 64% of participants were male. Nearly
90% reported opioid use in the last month, with a mean
of approximately 25 days of injecting in the last month.
A majority of participants (62.8%; n = 49) identified as
homeless during the prior 3 months. Prevalence of
MRSA nasal colonization in this study was 28.2%
(n = 22).

MRSA Nasal Colonization Risk Factors Sleeping in a
homeless shelter for at least one night in the last 90 days
was associated with a 200% increased risk of MRSA
nasal colonization (OR 3.0, p = 0.02; 95% CI 1.2, 7.62)
(Table 1). Sleeping at more than one place during the
week was also strongly positively associated with
MRSA nasal colonization (OR 3.1; p = 0.01; CI 1.3,
7.6). We did not observe significant associations be-
tween MRSA nasal colonization and other variables
associated with homelessness or housing instability,

Table 1 Study population demographics and risk factors for
MRSA nasal colonization among PWID in Boston (n = 78; mean
age 38.7 years (SD: 11 years))

Characteristic N (%)

Demographics

Sex (Male) 50 (64.1%)

Race (White) 41 (52.6%)

Latino/a (Yes) 14 (18.0%)

Primary drug (Opiates) 69 (88.5%)

MRSA nasal colonization1 22 (28.2%)

MRSA nasal colonization
risk factors

OR (95% CI), p = value4

Sleeping in a homeless shelter
in the last 3 months

3.0 (1.2, 7.6), p = 0.02

Sleeping at > 1 place during the
last week2

3.1 (1.3, 7.6), p = 0.01

Use of public shower facilities
in the last week3

13.7 (1.4, 132.8), p = 0.02

Sharing bedding with other people 2.2 (1.0–4.7), p = 0.05

1Defined as at least one positive MRSA nasal culture during the
study period
2 Evaluated as a measure of housing instability
3 Public restrooms are exclusive of restrooms in homeless shelters,
day centers, or hospitals
4 Statistical results assessed using univariate logistic regression
with clustered standard errors for repeat sampling. No associations
were observed between MRSA nasal colonization and the follow-
ing factors: hand hygiene, clothes launderingmethod or frequency,
showering/bathing method or frequency, or sleeping on the street
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including sleeping outdoors, in detox facilities, doubled
up, or prison.

Use of public showering facilities in the last month
was associated more than 13 times the odds of MRSA
nasal colonization (OR 13.7; p = 0.02; 95% CI 1.4,
132.8). However, only four individuals (all homeless)
reported using public showers, so estimates are unstable.
Sharing bedding with other people was also associated
with increased risk of colonization (OR 2.2; p = 0.05;
95% CI 1.0–4.7). We did not observe significant asso-
ciations between other personal hygiene behaviors, in-
cluding frequency of hand washing, frequency or meth-
od for clothes laundering, frequency or method of
showering/bathing, and MRSA nasal colonization.

Discussion

Our findings indicate that the use of homeless shelters is
associated with increased risk ofMRSA nasal colonization
among PWID. Additionally, the use of public showers,
while reported infrequently in our population, is also
strongly associated with MRSA colonization and warrants
further research attention. These findings are suggestive of
bacterial contamination of these public facilities intended
to support sleep and hygiene among persons experiencing
housing instability. It is also likely that increased person-to-
person contact or crowding in shelters facilitates the trans-
mission and persistence of pathogens, including MRSA.
The association between staying at homeless shelters and
MRSA colonization has been demonstrated in other stud-
ies [14, 30–33]. However, microbiological studies of
MRSA contamination within shelters or within public
restroom facilities are limited to date and are warranted
given these findings [34–37].

A growing literature highlights the importance of
publically accessible restroom facilities to health and
wellbeing of persons experiencing homelessness
[38–42]. Public showers in Boston may include publi-
cally available facilities at YMCAs, the Salvation Army,
and public beaches, among others. Especially in cities
with large unsheltered homeless populations, such as
Los Angeles, efforts to increase accessibility of public
hygiene facilities have garnered significant public atten-
tion, in large part due to open defecation and outbreaks
of hygiene-related infectious diseases among homeless
persons [43–46]. Our findings regarding public
showers, although limited by sample size, suggest that

regular maintenance and decontamination of public
restrooms are needed to fully attain the health and
hygiene-promoting goals of these facilities.

The majority of participants in our study who report-
ed homelessness stayed in shelters in the last 90 days,
compared to sleeping unsheltered on the street. This
distribution likely differs in regions with a more
temperate or Mediterranean climate than Boston, where
the majority of individuals experiencing homelessness
are sheltered, compared to sleeping on the street. We
would assume that cities with a greater proportion of
sheltered vs. unsheltered homeless persons might have
higher prevalence of MRSA nasal colonization and
hence skin infection among PWID; this is an intriguing
area for future work.

Elevated housing instability, even among homeless
persons, was associated with increased odds of MRSA
nasal colonization in this study. This result concurs with
that from a prior study in Boston of homeless persons
[12]. The biological mechanism associating housing
instability with MRSA nasal colonization (vs. MRSA
exposure through person-to-person contact or environ-
mental contamination at a homeless shelter, for exam-
ple) remains unclear. Larger studies are needed to eval-
uate the biological or social underpinnings of this find-
ing. However, we observe here that homelessness itself
may not be the only MRSA risk factor associated with
housing instability worthy of attention.

Personal hygiene behaviors, including hand hygiene,
showering frequency, and clothes laundering frequency,
were not associated with MRSA nasal colonization in
this study. These findings differ from a prior study in
Boston which focused specifically among homeless
persons, as well as on a study of hygiene and MRSA
colonization among incarcerated persons [12, 19]. It is
possible that our findings are due to selection bias and/or
study participant bias. SKIN study participants may be
more attuned to hygiene than others, possibly because of
the content of the research itself or because individuals
with concern for personal health are more likely to join a
research study. It is also possible that SKIN participants
spent more time in hospital settings than other PWID,
since recent hospitalization is an eligibility criterion for
joining the study, and have greater access to hygiene
facilities because of hospital stays. However, our results
indicate that exposure to MRSA contaminated environ-
ments may play a more significant role in MRSA expo-
sure than personal hygiene behaviors. These hypotheses
are worthy of investigation in a larger study.
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Limitations of this study include small sample size,
which precluded our ability to conduct adjusted analyses.
Because of the small sample, we were unable to consider
confounding or effect modification inmeaningful ways, or
fully consider correlation between exposure variables.
While our study is strengthened by longitudinal sampling,
which is uncommon and valuable in MRSA colonization
studies, the total number of participants remained too small
to analyze the likely complex, and interrelated, relation-
ships of our exposure variables. As a result, our findings
highlight suggestive, but not definitive, associations. A
limitation of our outcome assessment was sampling for
MRSA colonization from a single body site, instead of
from multiple sites. We opted to evaluate nasal coloniza-
tion because nares sampling is non-invasive and more
acceptable in our population. It is possible that participants
who opted to join the study (72% of those approached)
differed from those who did not in regard to hygiene or
MRSA carriage, but we have no evidence to suggest that
this is the case. We additionally note that self-reported
behaviors may be unreliable, notably around personal
hygiene topics, as is demonstrated in other studies
[47–49]. A study design that asked participants to record
behaviors throughout the day, rather than through recall,
may improve accuracy of these reports, as may direct
observation; however, the limitations of the accuracy of
self-reports remain an important caveat to our findings.
Despite these limitations, our study contributes to the
understanding of the role of personal hygiene, homeless-
ness, and housing instability in MRSA nasal colonization,
a research area in which limited prior information exists.

Conclusions

Use of public facilities to support persons experiencing
homelessness, including homeless shelters and public
showers, is associated with increased odds of MRSA
nasal colonization for PWID. These findings may be
due to environmental contamination with MRSA at
these facilities, close person-to-person contact, or both.
Personal hygiene behaviors appear less important in
predicting MRSA colonization. Our findings indicate
that environmental contamination of public facilities
may pose MRSA exposure risks for PWID, a vulnera-
ble, high-risk, and hard to study population.
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