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Abstract: Mosquito-borne diseases are a major public health issue. The United States has experienced
mosquito-borne disease outbreaks, including West Nile virus, Zika, dengue, and malaria, highlighting
widespread risk across the country. In the United States, exposure to mosquito vectors primarily occurs
outdoors. Individuals experiencing unsheltered homelessness are particularly vulnerable to mosquito-borne
diseases due to their increased exposure to mosquito vectors, limited access to healthcare, and high prevalence
of underlying conditions. This review aims to examine the literature on mosquito-borne disease infections
among individuals experiencing homelessness in the United States between 1999 and 2024. Our search strategy
used Boolean methods on PubMed, Scopus, and Web of Science to select relevant publications. Two queries
were used: the first query focuses on individuals experiencing homelessness and mosquito-borne diseases, and
the second one focuses on epidemiological analyses of mosquito-borne disease outbreaks in the US. Only
studies reporting at least 1 infection among individuals experiencing homelessness were included. Our search
resulted in the identification of 347 studies. After screening them, 8 were ultimately included in this review.
Half of the studies identified West Nile virus among individuals experiencing homelessness and the other half
reported cases of malaria. These studies show that individuals experiencing homelessness are more exposed
to mosquitoes, face a higher risk of infection, and have an increased likelihood of hospitalization due to
mosquito-borne diseases compared to the general population. The full extent of mosquito-borne disease
exposure among individuals experiencing homelessness remains unclear. With climate change and
globalization, there is a consensus in the literature showing an increasing risk of mosquito-borne disease
transmission in the next decades, and we have already started to witness this increasing trend. Therefore, we
argue that developing policies aimed at providing homeless populations with housing during mosquito-borne
disease outbreaks could be instrumental in protecting this segment of the population and promoting health
equity.
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Introduction

Mosquito-borne diseases (MBDs) represent a constant public health threat. In the United States,
the risk of MBDs varies based on differences in occupational and socioeconomic conditions. In the
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United States, exposure to mosquito vectors primarily occurs outdoors [1,2] and is predominantly
attributed to occupational settings, socioeconomic conditions, and outdoor leisure activities [3-5]. For
example, blue-collar occupations where the work is conducted primarily outdoors have shown
positive associations with the risk of exposure to mosquito vectors [6]. Additionally, mosquito vector
abundance is higher in low-income communities, increasing the risk of exposure to mosquito vectors
in these areas [3]. This leads to a highly variable health burden and risk of exposure to MBDs for
different population groups [7-11].

People experiencing unsheltered homelessness — people living in places not meant for human
habitation [12] — spend a disproportionate amount of time outdoors [13], increasing their risk of
exposure to mosquito vectors. Unsheltered homelessness is a large and growing problem in the
United States, and the growth in unsheltered homelessness is responsible for the recent steep
increases in the overall nationwide homeless population [12]. Currently, approximately 653,000
people are homeless on any given night in the United States, of which 40% are unsheltered, however,
existing data severely underestimates the true size of the unsheltered population [14,15].

Many vulnerable and marginalized populations, who face a higher risk for poor health
outcomes, are overrepresented in the unsheltered homeless population. These groups include Black
and Indigenous people [16], military veterans, people exiting incarceration, and older adults [17-19].
Additionally, individuals experiencing homelessness have worse overall health [20-24] and are
disproportionately affected by other diseases, including mental disorders, substance misuse, and
premature death [25]. The unsheltered homeless population also has less access to health care
compared to the housed resident population [21]. Consequently, this places them at an increased risk
of severe health outcomes in case of an infection [26].

In this study, we conduct a literature review to provide insights into the transmission of
mosquito-borne disease infections among the population experiencing homelessness in the United
States over the period from 1999 to 2024.

Methods
Diseases of Interest

We focus on five mosquito-borne diseases: West Nile, dengue, Zika, chikungunya, and malaria.
Each of them has a history of local transmission in the US between 1999 and 2024 [27], and mosquito
vector species responsible for transmitting these pathogens are widespread and abundant [28-31].

Search Queries

A search strategy using Boolean methods on PubMed (https://pubmed.ncbi.nlm.nih.gov),
Scopus (https://www2.scopus.com), and Web of Science (https://mjl.clarivate.com) was used to select
the existing publications about homelessness and mosquito-borne diseases in the United States. The
search was conducted on September 17, 2024, considering the title, abstract, keywords, and main text.
To conduct this search, we used two independent queries:

e Query 1: (homeless* OR "transient population” OR "transient communit*") AND (mosquito* OR
arbovir* OR dengue OR malaria OR Zika OR chikungunya OR "West Nile" OR DENV OR
CHIKYV OR ZIKV OR WNV) AND ("United States" OR "USA")

¢ Query 2: (Outbreak OR Epidemic) AND (locally acquired OR autochthonous) AND (Mosquito-
borne OR Mosquito-Transmitted OR arbovir* OR dengue OR malaria OR Zika OR chikungunya
OR "West Nile" OR DENV OR CHIKV OR ZIKV OR WNV) AND ("United States" OR "USA")
The first query focuses on individuals experiencing homelessness and mosquito-borne diseases,

and the second one focuses on epidemiological analyses of mosquito-borne disease outbreaks in the

US. The second query allows us to retrieve papers whose focus is not on individuals experiencing

homelessness, but where cases of mosquito-borne diseases may have been reported in this population

group. For both queries, we limited the search period from 1999, the year when WNV was first

introduced in the US, to 2024.
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Each retrieved study was independently assessed by 3 reviewers (A.B.B.W.,, M.D.H., and
A.G.K.). Any discrepancies in study selection and/or its content were addressed through discussion
and consensus.

Inclusion and Exclusion Criteria

Studies were included if they satisfied the following criteria: (1) the study focused on West Nile,
chikungunya, dengue, Zika, or malaria; (2) the study investigated local transmission in the United
States between 1999 and 2024; (3) the study reported at least 1 infection among individuals
experiencing homelessness.

We excluded study protocols, media news, commentaries, or manuscripts where the full text
was unavailable (e.g., conference abstract).

Scope of Review and Analysis

In this literature review we did not perform a meta-analysis, sensitivity analysis, or other
synthesis methods. As such, there is no description of statistical heterogeneity, summary statistics,
models, effect measures, or assessment of bias and certainty. Furthermore, no methods were
employed to explore causes of heterogeneity, such as subgroup analysis or meta-regression.
Therefore, no software packages were utilized or described.

Data Availability

The data supporting this systematic review are drawn from previously reported studies, all of
which have been cited. All necessary data for replicating the study’s findings are available within the
manuscript.

Results

Our search resulted in the identification of 347 studies, 22 from Query 1 and 325 from Query 2
(Figure 1). Among them, 41 studies (9 from Query 1 and 32 from Query 2) were excluded as they did
not focus on West Nile, chikungunya, dengue, Zika, or malaria; 242 studies (3 from Query 1 and 239
from Query 2) were excluded as they did not investigate local transmission of one of these diseases
in the United States between 1999 and 2024; 56 studies (6 from Query 1 and 50 from Query 2) did not
report at least 1 infection among the population experiencing homelessness. None of the retrieved
results was a study protocol, media news, commentary, or a manuscript where the full text was
unavailable. As per the inclusion/exclusion criteria, we identified 8 articles (4 from Query 1 and 4
from Query 2) to include in this review [7,32-38].
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Figure 1. Study flow diagram.

The identified studies provide evidence of MBD infection among the homeless population. The
two most recent malaria outbreaks in the US, which took place in 2003 and 2023, reported cases
among individuals experiencing homelessness [33,36,37,39]. In the 2003 outbreak, 1 of the 8 cases of
malaria was an individual experiencing homelessness [36,39]. The same strain of Plasmodium vivax
was identified in all eight cases through laboratory hematology [39]. In 2023, 3 of the 8 locally
acquired cases were among individuals experiencing homelessness [33]. Several of the studies
identified West Nile virus among individuals experiencing homelessness [7,32,38]. One study tested
for West Nile virus among pets, identifying 10 positive cases where 50% were among pets of
unhoused owners [34]. None of the studies reported evidence of chikungunya virus, dengue virus,
or Zika virus in the population experiencing homelessness.

A key element among all the included studies was the emphasis on risk factors associated with
MBDs. In particular, they highlight the positive associations between time spent outdoors with the
risk of MBDs [7,35-37], with one study showing that >6 hours of outdoor exposure increases the risk
of West Nile virus infection [7]. There was also a greater risk of severe health outcomes resulting in
hospitalizations among individuals experiencing homelessness compared to the general population
[32]. Furthermore, a positive association was found between the risk of MBDs and HIV infection as
well as risk-taking behaviors (i.e., injection drug use and heavy drinking) among individuals
experiencing homelessness [38], supporting the greater risk of severe health outcomes.

Table 1 provides a summary of the findings relevant to the risk of MBDs among individuals
experiencing homelessness for all studies identified in this review.

Table 1. Summary of studies available in the literature.

Title
Risk factors for encephalitis
and death from West Nile

Reference Relevant findings for homelessness and MBDs

Individuals experiencing homelessness showed a

Murray et al. [32] higher likelihood of hospitalization due to West

virus infection.

Nile compared to the general population.

West Nile virus infection
among the homeless,
Houston, Texas.

Meyer et al. [7]

Factors associated with an increased risk of West
Nile infection were found to be chronic
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homelessness and >6 hours outdoor exposure to
mosquitoes.

Blackburn et al. [33]

Outbreak of locally acquired
mosquito-transmitted
(autochthonous) malaria -
Florida and Texas, May-July
2023.

Eight cases of locally acquired Plasmodium vivax
malaria were reported in Florida and Texas. Three
of the eight patients were reported experiencing
homelessness.

Conway et al. [34]

Benefits, companion animal
zoonotic disease prevalence
and public perceptions of pet
ownership among people
experiencing homelessness in
northern California.

Five out of 42 samples taken from dogs of
unhoused owners tested positive for West Nile
virus.

Eliades et al. [36]

Malaria surveillance--United
States, 2003

In 2003, eight cases of locally transmitted malaria
were reported in Palm Beach County, Florida. The
8 affected individuals were found to spend
extended periods outdoors, including one
homeless individual.

CDC et al. [37]

Local transmission of
Plasmodium vivax malaria--
Palm Beach County, Florida,
2003

Examines seven cases of Plasmodium vivax malaria
that occurred in Palm Beach County, Florida,
during July and August 2003. One case involved a
man who had been sleeping in an outdoor
homeless camp near a canal.

Leibler et al. [38]

Zoonotic and vector-borne
infections among urban
homeless and marginalized
people in the United States
and Europe, 1990-2014.

Serological evidence of exposure to pathogens,
including Rickettsia typhi, West Nile virus, and
Seoul hantavirus in individuals experiencing
homelessness. HIV infection, injection drug use,
and heavy drinking were common risk factors for
these infections.

Hematological laboratory

findings in patients of an

Hematological findings of the 2003 malaria
outbreak in Palm Beach County, Florida, showed

d0i:10.20944/preprints202410.1054.v1

Perez et al. [39] that all 8 reported cases, one of which is an
individual experiencing homelessness, carried the

same strain of Plasmodium vivax.

autochthonous Plasmodium

vivax malaria outbreak

Discussion

Our literature review yielded a small number of studies that examine the transmission of MBD
infections among individuals experiencing homelessness in the US between 1999 and 2024. The 8
studies eligible for this review provide evidence of MBD infection among individuals experiencing
homelessness. Half of the studies in this review identified West Nile virus among individuals
experiencing homelessness. To properly interpret this finding, it is important to consider that among
the diseases analyzed in this review, West Nile is the only one endemic in the continental US, with
thousands of locally acquired infections reported every year [40]. Our review also provides evidence
of malaria cases in the population experiencing homelessness. A possible contributing factor is that
both West Nile virus and Plasmodium species mosquito vectors are nocturnal, exhibiting heightened
host-seeking activity during the night when individuals experiencing homelessness are asleep and
thus more exposed to infective bites [41]. On the other hand, none of the studies included in this
review reported Zika, chikungunya, or dengue among individuals experiencing homelessness. For
Zika and chikungunya, this is likely due to the low level of local circulation in the continental US: 13
reported locally acquired chikungunya virus infection in 2014-2015, and 231 reported locally acquired
Zika virus infection in 2016-2017; for both diseases, no other recent locally acquired infections have
been reported [42,43]. Local outbreaks of dengue have occurred each year for the last three years
(2022 — 2024) [44]; however, estimates from the CDC suggest that the number of locally transmitted
dengue cases is greatly underreported in the United States and a multiplication factor of 21-105 is
needed to correct for the under-reporting of the number of laboratory-positive dengue inpatients (i.e.,
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reporting rate of 1.0%-4.8%) [45]. This highlights the challenges in identifying dengue cases among
the population experiencing homelessness. Nonetheless, it is worth remarking that competent
mosquito vector species for all the focus diseases are present and locally abundant in the continental
US [46,47]; therefore, the evidence of West Nile virus and malaria among individuals experiencing
homelessness found in this review could expand to other MBDs in the near future.

Our initial search of the literature highlighted the difficulty in identifying literature to include
due to the rarity of studies that examine MBDs among individuals experiencing homelessness as their
main focus. For this reason, we included a second search query that focused on all local outbreaks in
the US between 1999 and 2024 and included those where at least one infection among the homeless
population was reported. However, we expect a high level of underreporting in this population
group given their lower access to healthcare [20-24]. Moreover, the notification rate for the focus
diseases is relatively low and the number of local outbreaks of MBDs in the continental US is limited.

The identified studies showed that individuals experiencing homelessness are at a greater risk
of MBDs compared to the general population. Identified factors that increase the risk of MBDs
included spending extended periods of time outdoors and engaging in risk-taking behaviors, such as
drug and alcohol use, and HIV infection. However, these conclusions about the risk factors for MBDs
among homeless populations are based on a limited pool of studies and cannot be assessed through
a systematic meta-analysis. Nevertheless, these findings suggest important implications about
potential risk factors that can be further examined in future studies.

Mosquito control is the most commonly adopted method to reduce MBD risk of transmission
and associated health burden [48,49]. Other options include installing mosquito screens and AC units
[50,51]. Assistance programs may be set up to provide support to low-income households or they
could be required in rental properties. However, for individuals experiencing homelessness, other
options should be considered. During the malaria outbreak in Florida in 2003, which included one
case among the population experiencing homelessness, the public health response included outreach
activities in homeless shelters [35]. Other targeted strategies may be worth of consideration. For
example, rapid rehousing pairs time-limited financial assistance used for housing-related expenses
with supportive services (e.g., landlord mediation, connections to health services) to move
individuals experiencing homelessness into housing as quickly as possible [52]. A targeted influx of
funding could be used to quickly scale up this intervention to help the unsheltered population get
into housing during MBD outbreaks. Another option could be permanent supportive housing which
pairs an ongoing, full housing subsidy with intensive supportive services (e.g., intensive case
management, connections to behavioral health services) [53] and provides a long-term positive
impact on housing stability [54]. This intervention could be targeted to certain unsheltered homeless
individuals who would otherwise be unable to exit homelessness on their own or with a less intensive
intervention like rapid rehousing. Finally, in many communities, congregate emergency shelter (i.e.,
dormitory/barracks-style arrangements) is the only emergency housing available for people who are
homeless, but they cannot accommodate the entire unsheltered population. In response to the
COVID-19 pandemic, individuals experiencing homelessness were placed in private hotel and motel
rooms [55] which had positive health, psychological, and housing impacts [56]. A similar approach
could be used to quickly house a large number of unsheltered persons in the context of an MBD
outbreak. The implementation of combinations of these non-mutually exclusive public health
interventions targeting both mosquito and human populations could be considered to reduce the risk
of mosquito-borne disease transmission.

Given the challenges of implementing the aforementioned policies in the current situation for
the US, which is characterized by a low incidence of MBDs [44,57], the effectiveness of these
interventions can be tested with mathematical models [58,59]. These models can be developed to
simulate the implementation of interventions in-silico prior to their real-world implementation,
providing key indications to policymakers as was the case in previous epidemics [45,60-63]. With
climate change and globalization, there is a consensus in the literature showing an increasing risk of
MBD transmission in the next decades [28,29,64—66] and policies aimed at reducing the impact of
climate change in urban areas (e.g., planting trees, reducing impervious surfaces) could contribute to
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the proliferation of mosquito vector species [67]. We have already started to witness this increasing
trend in mosquito-borne disease activity. For example, local dengue outbreaks were reported in the
last three years (2022 to 2024) in Miami-Dade County, Florida [44], and local transmission of malaria
took place in Florida and Texas in 2023 after 20 years of absence [33,35]. This highlights the need for
strengthening preparedness and response capacity to respond to MBD outbreaks.

In conclusion, we have provided evidence of MBD transmission in the homeless population, but
the extent to which individuals experiencing unsheltered homelessness are disproportionately
exposed to mosquito-borne diseases remains largely unknown. This vulnerable population already
faces significant disparities in mortality rates and various health outcomes [25]. Therefore, gaining a
better understanding of the scope and impact of their increased vulnerability to mosquito-borne
infections is essential for devising policy measures aimed at reducing preventable health inequalities.
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