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Abstract: Homeless people in the United States may experience poor hygiene and spend 
extended periods of time outdoors, which increases exposure to animal and insect vectors 
of disease. Despite these risks, efforts to understand frequency and risk factors for zoo-
notic and vector- borne infections among homeless people have been limited. We queried 
homeless people in Boston, Massachusetts (n=194) to evaluate exposure to urban wildlife 
and ectoparasites associated with infection. Thirty percent of participants reported seeing 
rodents daily, and 25% reported daily sightings of cats. Body lice and fleas were reported 
by 4% and 11% of participants, respectively. Sleeping outdoors and heavy drinking were 
positively associated with rodent and ectoparasite exposure. Frequent sightings of rodents 
and rodent feces among homeless people in particular areas may indicate human exposure 
risk to urban rodent- borne pathogens, including Leptospira spp, Seoul hantavirus, and 
Rickettsia akari. Epidemiologic studies of zoonotic and vector- borne infections in this 
population are warranted.
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More than half a million people in the United States experience homelessness each 
year, and the majority reside in urban areas.1 While HIV, hepatitis C, and tuber-

culosis among homeless individuals are well- established infectious disease concerns 
in the United States,2 research into other infections experienced by this population, 
including zoonotic and vector- borne infections, remains very limited. In particular, 
the nature and frequency of contact between homeless people and animal hosts and 
insect vectors of disease in the urban environment is understudied.
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Exposure to rodent- borne infections are of particular concern for people experienc-
ing homelessness.3 Urban rodents are known to carry pathogens harmful to human 
health, including Leptospira species, lymphocytic choriomeningitis virus (LCMV), Seoul 
hantavirus (SEOV), Yersinia pestis, and Rickettsia akari.4– 10 Studies have documented 
elevated incidence of rodent- borne zoonotic infection among homeless and marginal-
ized individuals, notably people who use injection drugs.8,10– 17 Reports of wild rodents 
in urban areas from animal surveillance studies document additional pathogens harm-
ful to human health in the rodent reservoir, including influenza viruses, methicillin-  
resistant Staphylococcus aureus, and other emerging infections.18– 21 Extended periods of 
time spent outdoors also increases exposure to other animals that may carry pathogens 
in addition to rodents, including cats (Bartonella henselae and Rickettsia typhi), rac-
coons (Baylisascaris procyonis) and birds (influenza viruses).22– 25

Crowded living conditions and poor hygiene increase prevalence of ectoparasitic 
infestation among homeless individuals.26 The human body louse (Pediculus humanus 
humanus) is responsible for human- to-human transmission of Bartonella quintana, 
known as “trench fever,” the most prevalent identified vector- borne infection among 
homeless people in the United States, as well as the more severe relapsing fever (Borellia 
recurrentis) and epidemic typhus (Rickettsia prowasekii).27– 29 Bites from the mouse mite 
Liponyssoides sanguineus transmit R. akari between mice and humans.10 Fleas carry the 
agent of cat scratch fever, Bartonella henselae.30

Health effects associated with these infections may be compounded by comorbidities 
associated with homelessness, specifically elevated stress and substance use, and may 
result in long- term health consequences.2 HIV positive individuals are at heightened 
risk of severe sequaelae of infection with B. quintana, including endocarditis, pericar-
dial effusion, and bacillary angiomatosis- peliosis.31– 33 Studies indicate an association 
between rodent- borne hantavirus seropositivity and hypertensive renal disease among 
urban, marginalized people, highlighting long- term health risks to this population.15,16

Despite these risks, research evaluating animal and ectoparasite exposures among 
homeless people in the United States is scant. In this study, we surveyed homeless people 
in Boston, Massachusetts to assess the type and frequency of contact with wild and 
domesticated animals and ectoparasites to identify the scope of the problem, establish 
whether further epidemiological research on zoonotic and vector- borne infections 
was warranted in this population, and identify risk factors for infection in order to aid 
clinical diagnosis and treatment.

Methods

A cross- sectional, volunteer- based study was conducted at the Boston Health Care for 
Homeless Program’s (BHCHP) main primary care facility in July 2015. Current BHCHP 
patients who were aged 18 years or older, were currently homeless or experienced home-
lessness in the previous three months, and English- speaking were eligible. In- person 
interviews were conducted in screened areas in the clinic lobby, lasting approximately 
30 minutes. Questions included medical history, drug use history, hygiene behaviors, 
and demographic characteristics. All aspects of study design and conduct were approved 
by the institutional review board at the Boston University Medical Center.
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Participants were asked whether they had been bitten or infested with the following 
insects while homeless: body lice, head lice, fleas, and ticks. Participants were queried 
regarding frequency of seeing rats or mice, rodent droppings, cats, dead birds, and dead 
wild animals, such as raccoons, squirrels, or skunks, in the last three months. Options 
for response were never, rarely, sometimes, and every day.

Prevalence of self- reported exposure to ectoparasites and animals during home-
lessness was calculated. Responses to questions regarding contact with animals were 
described descriptively as categorical variables using the categories from the question-
naire and also dichotomized for regression analysis. Responses of never and rarely were 
aggregated into one variable depicting low frequency of exposure. Responses of every 
day and sometimes were aggregated into one variable depicting elevated frequency of 
exposure. Multivariable logistic regression models were fitted using backward stepwise 
selection with this dichotomous outcome to identify significant risk factors at the 5% 
level, considering covariates of gender, street sleeping, shelter sleeping, heavy drinking 
(defined as more than five days drinking to intoxication in the last 30 days), injection 
drug use in the last year age, and HIV positive status.34 An Index variable (yes/ no) was 
created to account for self- report of infestation or bites with any of fleas, head lice, 
ticks, and body lice during period(s) of homelessness. Fisher’s exact tests were used to 
assess the association between the index variable and other predictors. All statistical 
analyses were conducted using StataSE 13.1 (College Park, TX).

Results

In total, 194 people were enrolled in the study. An additional 11 individuals volun-
teered but were ineligible for enrollment due to not being English- speaking (n=7) 
or homeless in the last three months (n=4). Mean age was 48 years old, 55.7% were 
women and 41.8% were African American. Key behavioral and demographic data are 
presented in Table 1.

Nearly 29% percent of subjects (n=56) reported seeing rats or mice daily and 9.3% 
saw rodent feces daily (Table 2). Approximately 25% of participants saw cats daily. A 
smaller number of participants saw dead birds (5.2%; n=10) and dead wild mammals 
(1.6%; n=3) daily.

Approximately 21% of participants (n=41) reported bites or infestation by at least 
one of the following during periods of homelessness: fleas, head lice, body lice, and 
ticks (Table 2). Flea bites were reported by approximately 11% (n=22) of participants, 
and 4.1% (n=8) reported body lice. Heavy drinking was positively associated with 
having ever experienced a parasite infestation during periods of homelessness (p=.03).

Parasite infestation was positively associated with frequent reports of rodent feces 
(p=.008) and marginally with frequent rodent sightings (p=.08) (data not shown). 
There were no significant associations between parasite infestation and frequency of 
wild birds, dead animals, cats or dogs.

People who slept outdoors had more than 13 times the odds of reporting greater 
frequency of rodent sightings in the last three months compared with people who 
did not sleep on the street (OR: 13.3; p=.001; 95% CI: 2.7, 65.3) (Table 3). Sleeping 
outdoors or in homeless shelters was positively associated with greater frequency of 
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dead bird sightings (sleeping outdoors: OR: 3.2; p=.06; 95%CI: 0.9, 10.9; sleeping in 
shelters: OR: 2.6, p=.02; 95%CI: 1.2, 5.5). Heavy drinking was associated with greater 
frequency of sightings of rodents and rodent feces, cats, dogs, dead birds and dead 
mammals (Table 3). No associations were identified between HIV status, gender, and 
age and animal exposure.

Discussion

Self- reported data on animal and parasite exposure among people experiencing home-
lessness in Boston suggests that epidemiologic research into human infection with 
zoonotic and vector- borne disease in this population is warranted. Notably, approxi-
mately half of the participants in our study reported frequent sightings of rodents and/
or rodent feces on a daily basis. These findings indicate that homeless people in Boston 
may be at particularly elevated risk of exposure to rodent- borne infections. While an 
imperfect metric of exposure, self- reports provide insight into personal experience 
and observation in a way that can guide future research and interventions, and are 

Table 1.
SELECT PARTICIPANT DEMOGRAPHICS (N=194)

Characteristic Prevalence % (n)

Gender
Female 55.7 (108)
Male 43.8 (85)

Race/ ethnicity
Black 41.8 (81)
White 38.1 (74)
Hispanic 18.6 (36)

Most frequent location for sleep in the last week
Homeless shelter 53.6 (104)
Street/ unsheltered outdoors 7.2 (14)
Supportive or transitional housing 11.3 (22)
With a friend or family member 13.9 (27)
Housing without support services 8.8 (17)
Other 5.2 (10)

Self- reported medical history
HIV positive 11.3 (22)
Ever diagnosed with endocarditis 3.1 (6)
Currently on hemodialysis for renal failure 2.1 (4)
Injection drug use in last year 27.8 (54)
Heavy drinkera 15.5 (30)

Notes
aDefined as drinking to intoxication 5+ days in the last month.
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especially useful in contexts where more nuanced exposure metrics may be difficult 
or expensive to ascertain, or where very limited data exist.

Homeless individuals who slept in a variety of housed arrangements, including 
transitional and supportive housing, did not encounter rodents as frequently as those 
sleeping in shelters and on the street. These results imply that housing programs to 
transition and support individuals from homelessness may be effective in reducing 
risk of these infections, suggesting additional public health benefit of such programs. 
Rodent control in homeless shelters is an established problem, and our findings reflect 
the continued relevance of these public health efforts.35– 37

Infestation with body lice (P. humanus humanus) may transmit B. quintana, for 
which elevated seroprevalence has been identified in prior studies of homeless people.38 
B. quintana typically causes mild febrile illness or may be asymptomatic, but long- term 
consequences, including endocarditis and chronic bacteremia may result, especially for 
HIV- positive individuals.27 A low proportion of study participants (4%) reported body 
lice infestation during their experience of homelessness, which reflects lower infestation 

Table 2.
ECTOPARASITE AND ANIMAL EXPOSURE REPORTED BY 
STUDY PARTICIPANTSa

Select risk factors for any 
ectoparasite exposure (p- value)b

Infestation during 
homelessness  

Prevalence  
% (n)  

Injection 
drug use  

Heavy 
drinking  

Shelter 
sleeping

Any ectoparasite 21% (8) p=.12 p=.03 p=.08
Body lice 4.1 (8)
Head lice 5.2 (10)
Fleas 11.3 (22)
Ticks 2.6 (5)

Frequency of sighting in the 
last three months  Every day  Sometimes  Rarely  Never

Rats or mice 28.9 (56) 22.2 (43) 18.6 (36) 30.4 (59)
Rodent feces 9.3 (18) 15.5 (30) 12.4 (24) 62.7 (121)
Cats 24.9 (48) 23.3 (45) 17.1 (33) 34.7 (67)
Dogs 37.0 (71) 26.0 (50) 11.0 (21) 26.0 (50)
Dead birds 5.2 (10) 20.8 (40) 26.0 (50) 48.0 (92)
Dead wild mammals 1.6 (3) 13.0 (25) 16.7 (32) 68.7 (132)

Notes
aColumns do not sum to 100% due to missing data.
bCalculated using Fisher’s exact test due to small numbers.
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rate than identified in other studies of homeless people.39– 43 It is possible that incidence 
of body lice infestation is lower in this population due to active medical care provided 
by the Boston Health Care for the Homeless Program or that other factors, such as 
improved or proactive sanitation practices in shelters, are responsible. Epidemiologic 
studies would improve understanding of the distribution of B. quintana in this popu-
lation. Clinicians treating homeless people, especially HIV- positive individuals, should 
be trained to recognize and treat rodent- borne infections to reduce risk of complica-
tions for vulnerable groups.

Cats are the reservoir for Bartonella henselae, which has been identified previously 
in studies of homeless individuals.44 Fleas are also known to carry B. henselae, and can 
transmit the bacteria to cats and potentially humans through a blood meal or through 
deposition of contaminated feces onto abraded skin.45 Approximately half of study 
participants identified frequent contact with cats, and half of these individuals said the 
cats were pets. Contact with cats among homeless people warrants further attention 
to identify whether disease transmission occurs along this pathway.

Contact with dead wild mammals and their effluvia, especially raccoons and rac-
coon fecal material, may increase risk of exposure to pathogens such as Baylisascaris 
procyonis, which can cause neural larva migrans in humans.46 Similarly, contact with 

Table 3.
SELECT RISK FACTORS FOR ELEVATED FREQUENCY OF  
SELF- REPORTED EXPOSURE TO URBAN ANIMALS

Odds ratioa (95% CI); p- value

Greater frequency exposureb  
Sleeping 
outdoors  

Sleeping in 
homeless shelters  

Heavy  
drinking

Rodents 13.3 (2.7, 65.3); 
p=.001c

3.5 (1.8, 6.9);  
p=.05c

2.5 (1.0, 6.4);  
p=.05c

Rodent feces 2.8 (0.8, 10.2);  
0.1

5.7 (1.9, 17.3); 
0.002c

2.5 (1.0, 6.2);  
0.04c

Cats 0.34 (0.1, 1.1);  
p=.08

0.45 (0.2, 0.9);  
p=.01c

4.5 (1.8, 11.5); 
p=.002c

Dead birds 3.2 (0.9, 10.9);  
p=.06

2.6 (1.2, 5.5);  
p=.02c

3.3 (1.4, 7.9);  
p=.007c

Dead wild mammals 1.5 (0.2, 3.7);  
p=.9

1.0 (0.4, 2.5);  
p=.9

5.3 (1.9, 14.6);  
p=.001c

Notes
aOdds ratios generated from multivariable logistic regression models using backwards stepwise selection 
and including the following covariates: HIV positive status, street sleeping, heavy drinking, injection 
drug use in the last year, shelter sleeping, age and gender.
bGreater frequency exposure refers to responses of either daily or sometimes in regard to frequency 
of sighting the following during the last 30 days.
cSignificant at the 5% level
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dead birds poses a risk for human transmission of pathogens in the avian reservoir, 
including influenza viruses and psittacosis.47,48

Heavy drinking was positively associated with frequent exposure to urban wildlife, 
dead animals, and ectoparasites in our study. This finding is concordant with other 
studies that identified heavy drinking as a risk factor for urban zoonotic and vector-  
borne disease among homeless people.11,49– 52 Heavy drinking may occur in environ-
ments with limited sanitation, such as city alleys, with a greater preponderance of 
urban wildlife. It is also possible that individuals who drink heavily may spend more 
time outdoors, due to no- alcohol policies at many shelters and day centers, increasing 
opportunities for contact with wildlife. While injection drug use has been associated 
with rodent- borne infections in multiple studies, we did not observe an association 
here.11– 13,51,53 Since study participants were recruited at a health clinic, it is possible that 
our subjects were less likely to use illegal substances, or that drug use was under reported. 
It is also possible that given the small size of our study, we were underpowered to see 
such associations.

Given our small sample size, we were not able to make inferences regarding asso-
ciation between exposures and some predictors. Self- reported exposure data is of 
incomplete accuracy in that it is limited by subjective awareness of environment, recall 
capability, and correct identification of exposure. Selection bias may have affected our 
findings, in that study participants were volunteers recruited from a medical clinic. 
As a result, these individuals may be healthier than other homeless people and more 
motivated to improve their living conditions, and therefore more likely to notice and 
report exposure. However, the generalizability of our findings to the entire BHCHP 
patient population is unclear. Exposure categories for frequency of exposure were 
not quantified, due to concern that such quantification may be equally imprecise as 
qualitative metrics. Our questionnaire tool also did not include an option for “don’t 
know” or “don’t remember” and as a result, may overestimate exposure. Future work 
that quantifies rodent exposure, perhaps using cameras or habitat mapping, would be 
valuable to verify self- reports.

Homeless people, particularly those who drink heavily, report frequent contact with 
animal and insect vectors of disease. Human studies are necessary to evaluate rates of 
zoonotic and vector- borne infections in this population.
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