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Abstract

Background: Despite being one of the most prevalent helminth parasitic zoonoses worldwide and particularly

in socioeconomically vulnerable populations, toxocariasis remains to be fully investigated in persons experiencing

homelessness. Accordingly, the present study has aimed to assess the seroprevalence and associated risk factors of
Toxocara spp. exposure in persons experiencing homelessness and shelter workers from a day-shelter in Sdo Paulo

city, Brazil.

Methods: Anti-Toxocara IgG antibodies were detected by enzyme-linked immunosorbent assay (ELISA). Univariable
and multivariable logistic regression models were performed to assess the risks for toxocariasis.

Results: Overall, anti-Toxocara IgG antibodies were detected in 89/194 (45.9%, 95% Cl: 39.0-52.9%) persons experi-
encing homelessness, twice as high (OR=2.2; 95% Cl=1.245-3.873; P=0.0089) than the frequency of 22/79 (27.8%,
95% Cl: 19.2-38.6) in shelter workers. College education was the only protective factor for Toxocara spp. exposure (OR:
0.23; P=0.018) revealed by logistic regression.

Conclusions: Although indicating a multifactorial origin of toxocariasis, the present study has assessed a highly
vulnerable population with high disease risks and premature death. Thus, the living conditions of the homeless
population have influenced the high prevalence of anti-Toxocara antibodies verified here compared with domiciled
shelter workers. Despite being less exposed, shelter and other outdoor workers may present an occupational risk to
toxocariasis. Future studies should establish whether such environmental exposure might occur in persons experienc-
ing homelessness in other regions worldwide.
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Background Toxocara canis and Toxocara cati, whose definitive hosts
Toxocariasis is considered one of the most frequent and are dogs and cats, respectively [2]. Humans become
relevant neglected parasitic zoonoses worldwide [1]. infected most commonly by accidental ingestion of
Toxocariasis is caused by the common roundworms embryonated Toxocara spp. eggs present in contami-
nated food, water, or soil. An additional route of infection
involves ingesting raw or undercooked viscera/meat of
*Correspondence: abiondo@ufprhr mammal or bird paratenic hosts harboring infective lar-
2 Graduate College of Cellular and Molecular Biology, Federal University vae (L;) [3]. Following ingestion, Toxocara larvae from

of Parand (UFPR), Curitiba, PR 81531-970, Brazil _ the eggs and/or tissues are released in the small intestinal
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lumen. They penetrate the intestinal wall and enter the
circulation to be disseminated to different organs [4].
Despite usually resulting in asymptomatic chronic infec-
tion, this larval migration may cause severe disease,
affecting various organs (visceral toxocariasis), eyes
(ocular toxocariasis), and central nervous system (neu-
rotoxocariasis) [5], depending on larval load, continuous
reinfection, tissue distribution, and intensity of the host
inflammatory response [4].

According to a recent meta-analysis, the overall global
seroprevalence for toxocariasis has been estimated as
19% (95% CI: 16.6—21.4%; 62,927/265,327) [6], which is
significantly higher in vulnerable socioeconomic groups
[7]. Despite its high prevalence, gaps regarding serosur-
veys and risk factors in vulnerable populations, including
homeless people, remain.

Among vulnerability factors, homelessness has
emerged as an international human rights violation [8],
representing a global phenomenon affecting both devel-
oped and developing countries [9, 10]. Homelessness
may lead to serious health implications [11] mainly due
to insufficient healthcare, inadequate nutrition, precari-
ous living conditions, along with physical and mental ill-
ness [12]. In addition, health status may be aggravated
by substance abuse and the long-term burden of chronic
diseases, increasing morbidity and premature death risks
compared with housed persons [13].

Among the Latin American countries, Brazil has the
most unequal income distribution, with 6.5% (13.6 mil-
lion people) of the nationwide population living in
extreme poverty due to economic crisis and political
disarray since 2014 [14]. Extreme poverty rose to an
estimated 9.5% by late 2020, worsened by the COVID-
19 pandemic, particularly in major urban settings [15].
Brazilian homelessness has grown around 140% since
2012, with over half (56.2%) living in southeastern Brazil,
mainly in Séo Paulo [16].

Despite its high prevalence in vulnerable popula-
tions, toxocariasis in persons experiencing homeless-
ness remains to be thoroughly investigated. Accordingly,
the present study aims to assess the seroprevalence and
risk factors associated with Toxocara spp. exposure in
persons experiencing homelessness and shelter workers
from the day-shelter providing care to this population in
Séo Paulo city, Brazil, the city with the largest homeless
population nationwide.

Methods
Study area
This is a cross-sectional study of the population expe-
riencing homelessness, and shelter workers, including
healthcare and assistance professionals, such as nurses,
social workers, administrative personnel, cooks, and
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cleaning and maintenance professionals who provide care
to persons who are homeless. The study was conducted in
Sao Paulo city (23°33/1"S, 46°38'2"W), the capital of Sao
Paulo State, southeastern Brazil, the most populous city
in Latin America, with 11,253,500 habitants at the time, a
high Human Development Index (HDI) (0.805), and with
a humid subtropical climate and average temperatures
varying from 19 °C (winter) to 25 °C (summer) [17].

Sample collection was performed at a major shelter
that serves the second-highest population experienc-
ing homelessness in Sdo Paulo City and accounts for
4779/24,344 (19.6%) persons experiencing homeless-
ness in this town [17]. This shelter was a day-only public
service center providing three meals a day and medical
assistance to persons who were experiencing homeless-
ness, with no dormitory or sleepover permission.

Sampling and questionnaires

Participants signed a consent form prior to sample col-
lection. Serum samples were collected by venipuncture
using commercial vacuum tubes (Vacutainer, BD Co.,,
Curitiba, Brazil). Samples were centrifuged at 1295 x g
for 5 min, and the separated serum was stored at —20 °C
until further testing.

The questionnaire for people experiencing homeless-
ness collected information regarding sociodemographic
aspects (city of origin, age, gender identity, self-identified
race/ethnicity, and level of education), previous assis-
tance by the government’s healthcare program "Street
Clinics," time being homeless, contact with dogs and
cats, showering frequency, drinking water source/type,
raw meat intake, contact with soil, and onychophagy.

All shelter workers were also interviewed with a struc-
tured questionnaire for sociodemographic, behavioral,
and clinical information. For the shelter workers, ques-
tions were evaluated for sociodemographic aspects (city
of origin, age, gender identity, self-identified race/eth-
nicity, and level of education), contact with dogs or cats,
drinking water source/type, raw meat intake, contact
with soil, and onychophagy.

Enzyme-linked immunosorbent assay (ELISA)

Adult T. canis worms discharged in the feces of naturally
infected puppies were collected. Adult female nematodes
were exposed to 1% sodium hypochlorite for 5 min to
remove surface debris, followed by washing with normal
saline for 3 min. After washing, the anterior third of the
worm was dissected to collect parasite eggs [18, 19].

Eggs of T. canis were incubated in 2% formalin for
approximately 30 days at 28 °C to facilitate embryona-
tion. Larvae were hatched and incubated at 37 °C in
serum-free Eagle’s medium, according to the stand-
ard protocol [20]. The culture supernatant/medium
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containing the Toxocara excretory—secretory (TES) pro-
teins was removed at weekly intervals, and to this, 5 ul/
ml of the protease inhibitor, phenylmethylsulfonyl fluo-
ride (PMSF; 200 mM) was added. The TES proteins in
the culture medium were concentrated using a commer-
cial ultra-centrifuge filtration unit (Millipore, Danvers,
MA, USA), dialyzed against distilled water, centrifuged
(18,500 x g for 60 min at 4 °C), and filtered using 0.22 pm
membrane filters (Millipore). The protein concentration
of the resulting TES fraction was determined as previ-
ously described [21].

Cross-reaction with other ascarids was avoided by
pre-incubating serum samples with Ascaris suum adult
worm extract (AWE), following an established protocol
[19]. Briefly, adult A. suum recovered from the intestine
of slaughtered pigs were macerated in distilled water.
To this, one part of NaOH and nine parts of water were
added, making a final concentration of 0.15 M. After
incubation at room temperature for 2 h, the pH of the
material was neutralized with 6 M HCI and centrifuged
at 18,500 x g for 20 min at 4 °C. After removing the lipids
with ether, the final supernatant was filtered through
0.22 pum pore-sized membrane filters (Millipore) to
obtain the AWE.

All serum samples used in TES-ELISA were pre-incu-
bated for 30 min at 37 °C with an AWE solution (25.0 pg/
ul) in 0.01 M phosphate-buffered saline (PBS, pH 7.2)
containing 0.05% Tween 20 (PBS-Tween) (Sigma, St.
Louis, MO, USA) at a dilution of 1:200. Polystyrene
96-well microtiter plates (Corning, Costar, NY, USA)
were coated with TES proteins at a concentration of
1.9 ug/pl per well using the coating buffer, 0.06 M car-
bonate-bicarbonate buffer, at pH 9.6. The coating was
accomplished by incubating these plates for 1 h at 37 °C
and then for 18 h at 4 °C. The plates were subsequently
blocked for 1 h at 37 °C with 3% skimmed milk (Molico®,
Nestle, Brazil) diluted in PBS-Tween. Serum samples
pre-adsorbed with AWE were added to wells in duplicate,
incubated at 37 °C for 30 min, and washed three times
with PBS-5% Tween. Anti-human immunoglobulin G
(IgG; Fe-specific) peroxidase secondary antibody (Sigma
A6029, St. Louis, MO, USA) was added at a 1:5000 dilu-
tion and incubated for 45 min at 37 °C.

After an additional washing cycle, the peroxidase sub-
strate o-phenylenediamine (SigmaFast" OPD, Sigma
P9187, St. Louis, MO, USA) was added to the wells and
incubated for 5 min to visualize the antigen—antibody
reaction. The reaction was stopped by adding 2 N sulfuric
acid and absorbance was measured at 492 nm. Positive
and negative controls were included in each plate. The
cut-off value was determined as the mean absorbance of
96 negative control sera plus three standard deviations.
Antibody levels were expressed as reactivity indexes (RI),
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which were calculated as the ratio between the absorb-
ance value of each sample and the cut-off value.

Positive sera were titrated using the same ELISA meth-
odology as described above [22], except that sera were
diluted 1:200 in the Ascaris adsorbent, AWE, and incu-
bated for 30 min at 37 °C, then twofold serial dilutions
were prepared (up to 1:12.800) using blocking solution
and incubated for 60 min at 37 °C. The final titer of each
serum sample was the highest dilution where a positive
result was obtained.

The avidity index (AI) of IgG was performed by a dis-
sociation method, using a 6 M urea solution as the dena-
turing agent [23]. The Al expressed as a percentage, was
calculated as the mean optical density (OD) of (urea-
treated/urea-untreated) x 100. Values of AI up to 50
were considered low avidity (indicating recently acquired
infection or recent toxocariasis), and Al values exceed-
ing 50 were considered an indicator of high avidity (past
toxocariasis).

Statistical analysis

Statistical analyses were performed using the pro-
gramming language and free software environment R.
Potential risk factors for toxocariasis were assessed by
univariate analysis (Chi-square test or Fisher’s exact test).
Variables with a P-value <0.2 in the univariate analysis
were included in the multivariate analysis.

The model was adjusted using the Hosmer—Lemeshow
test. The predictive performance of the final model was
assessed by measuring the area under the receiver opera-
tor characteristic (ROC) curve. To increase the accuracy
of the final model, predictive variables were tested for
collinearity and the presence of influential observations
[24, 25].

Multivariate logistic regression was used to assess the
strength of the association between the presence of anti-
Toxocara spp. antibodies and factors associated with
toxocariasis and the results were expressed as odds ratios
(ORs). Associations with a P-value < 0.05 were considered
statistically significant.

Results
Overall, anti-Toxocara 1gG antibodies were detected in
89/194 (45.9%, 95% CI: 39.0-52.9) persons experiencing
homelessness and 22/79 (27.8%, 95% CI: 19.2-38.6) in
related shelter workers. The endpoint titers ranged from
400 to 6400. Seroprevalence in persons experiencing
homelessness was statistically higher (y*=6.834; df=1;
OR=2.2; 95% CI=1.25-3.87; P=0.0089) than in work-
ers from health and social shelters by the Chi-square test.
According to the y* tests, associated risk factors,
including gender (OR=1.4; CI=0.28-1.77; P=0.694),
race/ethnicity (OR=1.1; CI 95=0.57-1.95; P=0.994),
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previous assistance by the government’s healthcare
program “Street Clinics” (OR=0.6; 95% CI=0.30—
1.06; P=0.103), homelessness time (OR=0.78; 95%
CI=0.37-1.66; P=0.349), contact with dogs (OR=1.1;
95% CI=0.43-2.73; P>1.0), cats (OR=0.8; CI=0.23—
2.80; P=0.998) or soil (OR=0.8; 95% CI=0.43-1.51;
P=0.606), bathing frequency (OR=0.6; 95% CI=0.20—
1.44; P=0.322), availability of drinking water (OR=2.4;
95% CI=0.27-68.5; P=0.627), and onychophagy
(OR=1.0 95% CI=0.46-1.95; P>1.0) were not statisti-
cally significant (Table 1). The only statistically significant
associated risk factor for persons experiencing homeless-
ness was having higher education, which was a protec-
tive factor against Toxocara spp. infection (OR=0.2; 95%
CI=0.06-0.72; P=0.018), as revealed by multivariate
analysis (logistic regression) (Table 2).

Persons experiencing homelessness sampled herein
were mainly 173/194 (89.2%) men, of which 81/173
(46.8%) were seropositive, whereas 21/194 (10.8%) were
women and 8/21 (38.0%) seropositive. Mainly, 135/194
(69.6%) persons experiencing homelessness were
between 30 and 60 years old, 133/194 (68.6%) were from
another city than Sdo Paulo, of which 59/133 (44.4%)
were seropositive, while 61/194 (31.4%) were born in Séo
Paulo and 30/61 (49.2%) seropositive. No significant dif-
ferences were found between these groups.

Based on available health records at the shelter, 11/194
(5.7%) persons experiencing homelessness were seroposi-
tive to HIV, and 29/194 (14.9%) had syphilis. Anti-Toxo-
cara antibodies were observed in 2/11 (18.2%) HIV and
14/29 (48.3%) syphilis-positive individuals. No statistical
association was revealed when comparing the presence
of anti-Toxocara antibodies and HIV y*=3.51 df=1; OR:
0.22; CI 95%=0.05-1.0; P=0.072) or syphilis (*=0.28;
df=1; OR: 0.74; CI 95% = 0.38-1.65; P=0.597) seroposi-
tivity, by x* test.

No risk factor was associated with seropositivity of
anti-Toxocara spp. antibodies and shelter workers,
according to the statistical analysis (Additional file 1:
Table S1).

Discussion

To the authors’ knowledge, this is the first study conduct-
ing a serosurvey to detect anti-Toxocara spp. antibodies
and the associated risk factors among persons experienc-
ing homelessness, and revealed a high seroprevalence for
anti- Toxocara 1gG (45.9%; CI 95%: 39.0-52.9%) in adults
experiencing homelessness in Sdo Paulo. Our study has
also shown that persons experiencing homelessness were
2.2 times more likely to be infected than shelter work-
ers, demonstrating a difference in toxocariasis exposure.
In Brazil, the seroprevalence of toxocariasis has been
widely reported, ranging from 4.2% [26] to 63.6% [27] in
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children, and from 8.7% [28] to 71.8% [29] in adult popu-
lations. Recently, 58/280 (20.7%) pregnant women [30]
and 212/328 (64.6%) inhabitants of a Brazilian traditional
seashore population were seropositive for anti-Toxocara
antibodies [31].

Although 45.9% frequency herein has been substan-
tially higher than the overall 27.5% (CI 95%: 14.8—42.3%)
seroprevalence for toxocariasis in Brazil, results were
similar to 141/306 (46.3%) adult blood donors living in
the most populated city of northeastern Brazil [6], indi-
cating a multifactorial cause for toxocariasis, as previ-
ously observed [32]. Nonetheless, the present study has
assessed a highly vulnerable population, which has been
associated with high risks of disease and premature death
[13]. Thus, homeless living conditions may have influ-
enced the high prevalence observed here compared with
domiciled shelter workers.

Although several risk factors have been reportedly
associated with toxocariasis, including being male,
youngster, having contact with dogs, cats, soil, consum-
ing raw meat, and drinking untreated water [6], none
was statistically associated with the presence of anti-
Toxocara antibodies. Such outcomes may be due to low
sampling or high sample heterogeneity, or more likely,
the skewness of the homeless population, mostly males,
adults, and reportedly drug users [33, 34]. Not surpris-
ingly, the predominance of males in the homeless popula-
tion observed here has already been reported in Canada
(273/455; 60%) [35], Nicaragua (62/82; 75.7) (9), and Bra-
zil (635/701; 90.7%) [36]. As the population studied here
primarily represented adults between 30 and 60 years
old, youth could not be adequately tested as an associated
risk factor for toxocariasis.

Besides being the largest city in Latin America, Sdo
Paulo has been among the most multicultural cit-
ies worldwide, accounting for the largest population of
migrants, immigrants, and refugees nationwide [37].
Such a scenario of social vulnerability has challenged
health authorities, for example, seropositivity of anti-
Treponema pallidum antibodies has been significantly
higher (P=0.043) in immigrant persons experienc-
ing homeless conditions [38]. Fortunately, although the
homeless population was predominantly composed of
133/194 (68.6%) migrants and 134/194 (69.1%) non-
white persons, both variables were not associated with
toxocariasis.

Although pet ownership was not identified as an asso-
ciated risk factor for toxocariasis, dogs and cats have been
well established as the primary animal hosts for Toxocara
spp., particularly in developing countries where most cats
and dogs have access to public parks and playgrounds,
leading to soil contamination and human exposure to
infective eggs [7]. Even though pet ownership, especially
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Table 1 Bivariate analysis including the associated risk factors for anti-Toxocara spp. antibodies in people experiencing homeless in
Sao Paulo city, Brazil (N=194; positive =89 and negative = 105)

Variable Positive (%) Negative (%) Odds Ratio Statistical analysis
(95% Cl)

City of origin 0.638
Sao Paulo city 30(33.7) 31(29.5) Reference
Others 59 (66.3) 74 (70.5) 1.2 (0.66-2.24)

Gender identity 0.599
Female 8(8.0) 13(124) Reference
Male 81(92.0) 92 (87.6) 14(0.28-1.77)

Age (Years) 0.112

>60 17 (19.3) 14 (13.3) Reference

30to 60 55 (62.5) 80 (76.2) 0.6 (0.25-1.26)
<60 16 (18.2) 11(10.5) 1.2 (0.41-348)

Educational background 0.051
Elementary school 47 (52.8) 44 (41.9) Reference
High school 38(42.7) 46 (43.8) 0.8 (0.43-141)
College 4(4.5) 15(14.3) 0.3 (0.07-0.79)

Race/ethnicity 0.994
White 27 (30.3) 33(314) Reference
Non-white 62 ( ) 72 (68.6) 1.1 (0.57-1.95)

Street clinics 0.103
No 62 (72.9) 63 (60.6) Reference
Yes 23(27.7) 41 (394) 0.6 (0.30-1.06)

Years of homelessness 0.349
<1 year 23 (34.8) 26 (33.8) Reference
1-10 years 27 (40.9) 39 (50.6) 0.78 (0.37-1.66)

>10years 16 (24.2) 12 (15.6) 1.5(0.58-3.91)

Drinking water 0.627
No 1(1.18) 3(2.97) Reference
Yes 84 (98.8) 98 (97.0) 24 (0.27-68.5)

Raw meat intake 0.228
No 76 (90.5) 85 (83.3) Reference
Yes 8(9.52) 17 ( 0.5 (0.20-1.28)

Contact with dog 1.0
No 79 (88.8) 94 (89.5) Reference
Yes 10(11.2) 11 (105 1.1(043-2.73)

Contact with cat 0.998
No 84 (94.4) 98 (93.3) Reference
Yes 5(5.62) 7 (6.67) 0.8 (0.23-2.80)

Contact with soil 0.606
No 64 (72.7) 71 (68.3) Reference
Yes 24.(27.3) 33(31.7) 0.8 (043-1.51)

Onychophagy 1.0
No 69 (80.2) 81(794) Reference
Yes 17 (19.8) 21 (20.6) 1.0 (0.46-1.95)

Showering 0322
Daily 82(92.1) 91 (86.) Reference
Rarely 7(7.87) 14 (13.3) 0.6 (0.20-1.44)
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Table 2 Multivariate analysis (logistic regression) including risk factors for anti-Toxocara spp. antibodies in people experiencing
homeless in Sao Paulo city, Brazil (N=194; positive =89 and negative = 105)

Variable Positive (%) Negative (%) Odds ratio Statistical analysis
(95% Cl)
Age (Years)
>60 17 (19.3) 14 (13.3) Reference
30-60 55(62.5) 80(76.2) 0.6 (0.27-1.46) 0.280
<60 16 (18.2) 11 (10.5) 1.1 (0.38-3.48) 0.816
Educational background
Elementary school 47 (52.8) 44 (41.9) Reference
High school 38 (42.7) 46 (43.8) 0.6 (0.34-1.20) 0.165
College 4(45) 15(14.3) 0.2 (0.06-0.72) 0018
Street clinics
No 62 (72.9) 63 (60.6) Reference
Yes 23(27.1) 41 (39 0.5(0.28-1.03) 0.066

of dogs, has been reported among persons experienc-
ing homelessness [39], in this study, only 21/194 (10.8%)
individuals reported contact with dogs and 12/194 (6.2%)
with cats. Interestingly, only 57/194 (29.4%) persons
experiencing homelessness referred to having direct con-
tact with soil, probably because their living areas within
the eastern-urban setting of Sdo Paulo city were covered
mainly by concrete, asphalt, and/or cement.

As a limitation to the One Health approach, the study
herein has not surveyed dog feces and soil for the pres-
ence of Toxocara spp. eggs. Nevertheless, the lack of
statistical significance of dog and cat ownership and soil
contact, combined with high seropositivity to toxocaria-
sis in persons who are homeless, may indicate high envi-
ronmental exposure to infection. Thus, animal health
interventions, including scooping pet feces and deworm-
ing dogs and cats (as well as all other owned and stray
pets citywide), should be considered to mitigate the risk
of environmental contamination by Toxocara spp.

In addition to environmental contamination, the inges-
tion of raw or undercooked meat or the viscera of para-
tenic hosts, including cows, pigs, and chickens, has been
considered important risk factors for toxocariasis [40—
42]. In this study, only 25/194 (12.8%) homeless persons
referred to ingesting raw meat, corroborating previous
studies that indicated that access to fresh meat, fish, veg-
etables, and fruits by persons experiencing homelessness
was limited due to poverty conditions [43, 44]. Moreover,
our research group has shown that persons experienc-
ing homelessness in the same city of Sdo Paulo were less
likely to be infected by Toxoplasma gondii mainly due to
consuming processed and ready-to-eat foods [34]. Thus,
similar to toxoplasmosis, ingesting raw meat may repre-
sent a less important transmission route of toxocariasis
for individuals who are homeless.

The present study revealed that having a college degree
was a protective factor for Toxocara infection (OR: 0.23;
P=0.018), corroborating that educational level has been
a social determinant for human toxocariasis [6]. As previ-
ously shown, individuals with only high school education
were more likely to be infected (OR=1.54) when com-
pared with those with a college degree [45], and toxocari-
asis frequency was significantly higher in persons missing
a high school degree [46, 47]. In addition to health and
self-hygiene access and awareness, persons who are
homeless and hold a college degree may have lived in
better socioeconomic conditions before being houseless,
reducing the exposure period to toxocariasis.

The occurrence of HIV (5.7%) and syphilis (14.9%) in
the studied population corroborate other studies focused
on high-risk sexually transmitted infections in persons
experiencing homelessness [48, 49]; however, their pres-
ence was not associated with seropositivity for Toxocara
antibodies. A previous study has shown that being under
treatment for HIV was significantly associated with toxo-
cariasis (P=0.0087), and co-infection assessment was
crucial to establish the synergism between HIV and tis-
sue helminths [50].

Ethnic and racial disparities have also been associated
with discrimination of persons experiencing homeless-
ness [51], as these people have been more frequently
associated with Black ethnicity [52]. Again, although high
toxocariasis seropositivity has been linked to Black, non-
Hispanics, and other ethnic groups [44], 134/194 (69,1%)
persons experiencing homelessness herein identified
themselves as Black, and no statistical significance was
found.

As a limitation, despite being considered the most
widely employed test in toxocariasis serosurveys and
diagnosis, the ELISA test has failed to differentiate
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between recent and chronic infection [53]. Here, IgG
avidity was assessed to distinguish recent from past
toxocariasis [23], and the avidity index indicated that
all ELISA-positive individuals had a past infection (high
avidity >50). Thus, the presence of anti-Toxocara anti-
bodies was independent of the duration of homelessness.
Another limitation in this study includes the possibil-
ity of biased memory precision given by the individu-
als responding to the sociodemographic questionnaire,
where no precise inference could be made on the home-
lessness time frame. Nevertheless, 94/143 (65.7%) per-
sons experiencing homelessness have declared to have
been living for more than one year under homeless-
ness conditions, supporting the long-term infection as
detected by the avidity index.

This study has also been limited by the difficulty in
accessing individuals who were homeless, partially
explained by the lack of studies involving such popula-
tions worldwide, mainly due to refusal to answer the
sociodemographic questionnaire and blood sampling.
Although such limitation may have impaired reliable
outcome data to provide robust statistical analysis, the
results have contributed to our understanding of toxoca-
riasis in the homeless population.

Finally, questionnaire information to assess persons
experiencing homelessness may be problematic, particu-
larly regarding food intake and dietary habits, once such
a population has often shown a chaotic lifestyle and a
high prevalence of drug abuse and mental health disor-
ders. Further studies should be conducted using higher
sampling numbers and from different homeless popula-
tions worldwide to establish the exact impact of toxoca-
riasis in such populations.

Conclusions

This is the first study reporting a serosurvey of Toxocara
spp. antibodies in persons experiencing homelessness.
Despite the limitations, our findings indicated that the
frequency of anti-Toxocara antibodies in persons expe-
riencing homelessness was relatively higher compared
with other populations. Besides educational level as a
protective factor for toxocariasis, no other risk factor was
associated with Toxocara spp. exposure in persons expe-
riencing homelessness.
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