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Abstract.

Toxocara spp. infection and the seroconversion rate in the Amazon have been poorly investigated. This

study analyzed individual and household-level risk factors for the presence of IgG antibodies to Toxocara spp. in urban
Amazonian children over a period of 7 years and evaluated the seroconversion rates over a 1l-year follow-up.
In children < 59 months of age, the overall prevalence rate was 28.08% in 2003 and 23.35% in 2010. The 2010-2011
seroconversion rates were 13.90% for children 6-59 months of age and 12.30% for children 84-143 months of age.
Multilevel logistic regression analysis identified child age, previous wheezing, and current infection with hookworm as
significant associated factors for Toxocara spp. seropositivity in 2003. In 2010, age, previous helminthiasis, and having a
dog were associated with seropositivity, whereas having piped water inside the household was a protective factor.
Control programs mainly need to target at-risk children, water quality control, and animal deworming strategies.

INTRODUCTION

Human toxocariasis is a disease caused by infection of larvae
from Toxocara canis (from dogs) or Toxocara cati (from cats).
In humans, development of the parasites does not occur and
infections are accidental. Human beings acquire the infection
by incidental ingestion of embryonated eggs present in soil
or soil-contaminated food or water,' or less frequently, by
ingesting meat from intermediate hosts.> Once ingested, the
eggs hatch in the intestine, and the larvae reach systemic circu-
lation and are distributed throughout the whole organism.’

The clinical presentation of human toxocariasis is varied
and related to both parasitic load and immunological
responses. Most of the cases have a benign or asymptomatic
presentation, but severe symptoms may occur caused by
larval migration,* such as fever, eosinophilia, hepatomegaly,
ocular symptoms, pulmonary or cardiac symptoms, and even
cerebral lesions.” Three major syndromes are recognized: vis-
ceral larva migrans, ocular larva migrans,”’ and covert toxo-
cariasis,® in which only a few symptoms predominate, mainly
respiratory symptoms. Most human infections are diagnosed
serologically. Enzyme-linked immunosorbent assay (ELISA)
for the detection of immunoglobulin (IgG) antibodies to
excretory/secretory antigens of 7Toxocara spp. larvae is used
most frequently.®”

In Brazil, seroepidemiological surveys have indicated positiv-
ity rates between 21.5% and 52% in children < 15 years of
age,”!” but in other countries, prevalence can reach 85-86%.'"!?

Although the seroprevalence in the general Brazilian pop-
ulation has been well described, the seroepidemiology
of Toxocara spp. infection in the Amazon has been poorly
studied. There are a few studies indicating the prevalence
rates and risk factors in Brazil, Peru, and Venezuela. In the
Brazilian Amazon, the prevalence in urban children < 5 years
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of age has been reported to be 21.5%,'? increasing to 26.7%
in the rural general population, and to 26.8%'* or 52% in
the riverine population.” In the Peruvian and Venezuelan
Amazon, seroprevalence rates of 35.6%" and 34.9%'® have
been found, respectively. Seroconversion studies are even
scarcer, and only two small studies examining incidence rates
in Brazil have been published thus far, in which the incidence
rates were 7.63 per 100 children-years of follow-up'’ and
17.9% in the general population.'®

Risk factors for Toxocara infection have been found among
environmental and household variables, including contact
with contaminated soil or animals'®?; such studies can help
identify geographical targets for intervention, such as envi-
ronmental sanitary measures and educational public policies
targeted to risk groups.'*?!

In this study, we analyzed individual and household-level
risk factors for the presence of IgG antibodies to larval anti-
gens of Toxocara spp. in urban Amazonian children in the city
of Assis Brasil, located on the border between Brazil and
Peru between 2003 and 2010, evaluated the seroconversion
rates between 2010 and 2011, and discussed possible inter-
ventions to control human toxocariasis in settings similar to
this one.

MATERIAL AND METHODS

Study area. Assis Brasil was founded in 1976 from old
established communities in areas of rubber plantations.
In 2003, the population was estimated at 3,667 inhabitants,
and 38% lived in rural areas. As of 2011, it had a population
of 6,075 inhabitants, of which 39% resided in rural areas®;
it is located 344 miles southwest of Rio Branco (Figure 1), and
it borders the municipality of Brasileia to the east, the cities of
Inapari (Peru) and Bolpebra (Bolivia) to the south, and the
municipality of Sena Madureira to the north. The climate is
equatorial hot and humid, a subdivision of tropical climate.
It features a predominantly rainy season between November
and April and a predominantly dry season between May and
October. The average annual temperature is 24.5°C, ranging
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Ficure 1. Map showing the location of Brazil, the Amazon, Acre state, and the municipality of Assis Brasil. The map inside the box shows the

Interoceanic Highway connecting Brazil to the Pacific Ocean.

between 20°C and 32°C. The relative humidity is 80-90%
throughout the year. The annual rainfall is between 1,600
and 2,750 mm. The native vegetation is open rainforest with
palm trees and tropical rain forest.”®

Study design and population. In this population-based
study, the population investigated consisted of children living
in the urban areas of Assis Brasil, state of Acre, Brazil, in the
years of 2003 and 2010. The study was divided into a preva-
lence study and a seroconversion study. The children were
located using the census records of the local community
health workers.

The prevalence study consisted of two censuses performed
in 2003 and 2010 with children 6 to 59 months of age in each
year. In 2003, the census identified 182 children 6 to 59 months
of age living in 180 households. In 2010, there were 357 chil-
dren 6 to 59 months of age living in 283 households. We exam-
ined 80% (146) and 77% (275) of the eligible children each
year in Assis Brasil.

The seroconversion study consisted of two cohorts, with chil-
dren that were selected from one or the other cross-sectional
study. In 2003, there were 105 children 6 to 59 months of age
with a negative serology, which were re-examined in 2010,
when they were between 6 and 12 years of age. Of these,
84 children had a negative serology in 2010, and they were
tested again 12 months later. These children comprised cohort 1,
which was tested three times (2003, 2010, and 2011). The
second cohort consisted of 165 seronegative children between
6 and 59 months of age examined in the 2010 census and
retested 12 months later, in 2011. The seroconversion rates and
confidence intervals were calculated for cohort 1 and cohort 2
for the period 2010-2011.

Data collection occurred in January and February 2003,
2010, and 2011, through questionnaires, to investigate sanita-
tion and housing conditions (type of housing construction,
household connection to the sewage system, source and treat-
ment of water supply, piped water supply inside the house-
hold, intermittence of water supply, waste collection and
disposal, presence of open sewage near the house, type of
toilet, presence of electric power, susceptibility to flooding
during rain, presence of animals in the house), family socio-
economic status (possession of household and household
appliances, maternal education, whether benefiting from
social assistance), child demographic information (age in
years, gender, skin color), access to services and child care
(attending nursery or school, living with one or both biologi-
cal parents, number of siblings that died before 5 years
of age), characteristics of the birth and breastfeeding (birth
weight and duration of exclusive breastfeeding), occurrence
and treatment of previous or present intestinal parasitosis,
respiratory symptoms, and other diseases. We also collected
information on the place of birth and time of residence of the
mother and children in the house, in the city and in the state,
to analyze the frequency of internal and external migration.
Children not tested in the 2003 census (36 children) had no
significant differences in their characteristics from those
tested. Children not tested in the 2010 census tended to be
younger (55 younger than 2 years of age, P < 0.001) and to
report previous intestinal parasitosis with less frequency than
those tested (P < 0.001).

Antigen preparation. Excretory—secretory larval antigen
for ELISA was prepared as described by Elefant and col-
leagues.?* Briefly, T. canis eggs collected from the uterus
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of female worms were embryonated after incubation in 2%
formalin for 1 month at 28°C and artificially hatched in
serum-free Eagle medium. The L2 larvae were recovered
and incubated at 37°C. At weekly intervals, the culture super-
natant was removed, treated with 5 pL/mL of the protease
inhibitor phenyl-methyl-sulfonyl fluoride (200 mM), concen-
trated with Amicon Ultrafiltration units (Millipore, Danvers,
MA), dialyzed against distilled water, centrifuged (18,500 x g
for 60 min at 4°C), and filtered using 0.22 pm Millipore mem-
branes. The excretory—secretory larval antigen prepared with
T. canis is likely to contain both species-specific epitopes and
common epitopes that are shared by 7. cati,*> but no attempt
was made to determine the levels of between-species cross-
reactivity observed in the standard diagnostic ELISA.

Preincubation of sera with Ascaris suum adult worm
extract (AWE). To remove antibodies elicited by exposure
to Ascaris, which could cross-react with Toxocara antigens,%
the test samples were preincubated with an AWE of Ascaris
suum.** Briefly, the adult worms recovered from porcine
intestines were macerated in distilled water, and 1.5 M NaOH
was added for a final concentration of 0.15 M. After 2 hr of
incubation at room temperature, the mixture was neutralized
with 6 M HCI and then centrifuged (18,500 x g for 20 min
at 4°C). After removing the lipid with ether, the supernatant
was filtered using 0.22 um Millipore membranes. All test
sera were preincubated for 30 min at 37°C with a solution
(25 pg/mL) of AWE in 0.01 M phosphate-buffered saline
(PBS, pH 7.2) containing 0.05% Tween 20 (PBS-T) before
use in ELISA.

Sample collection and antibody detection. Venous blood
was collected in sterile vacuum tubes with a clot activator.
Samples were centrifuged, and the sera were separated and
stored in —20°C until tested. Serum samples were tested for
IgG antibodies to excreted—secreted larval antigens by
ELISA at a dilution of 1:320, as previously described.'****’
Polystyrene 96-well microplates (Corning, Costar, New York,
NY) were coated for 1 hr at 37°C followed by 18 hr at 4°C
with 1.9 pg/mL of solid-phase antigen dissolved in 0.06 M
carbonate-bicarbonate buffer, pH 9.6 (100 pL/well) and sub-
sequently blocked for 2 hr at 37°C with PBS-T containing
2.5% bovine serum albumin (Sigma, St. Louis, MO). After a
40-min incubation at 37°C, the serum samples were removed,
and horseradish peroxidase-conjugated goat anti-human IgG
(Sigma) was added at a 1:10,000 dilution (40 min at 37°C),
followed by the phenylenediamine substrate (0.4 mg/mL,
Sigma). The absorbance readings were made at 492 nm. The
cut-off absorbance value was defined as the mean absorbance
reading for 96 negative control sera plus three standard devi-
ations. Antibody levels were expressed as reactivity indices
(RIs), which were calculated as the ratio of the absorbance
values of each test sample and the cut-off value. Positive
samples had RIs > 1.

Stool sample examination. To determine whether seroposi-
tivity to Toxocara spp. was associated with current exposure to
common intestinal nematodes of humans, we examined stool
samples for intestinal parasite eggs, cysts, and larvae according
to a standard sedimentation-concentration method.*® Logisti-
cal limitations prevented the collection of more than one stool
sample from each subject, and 16.43% and 12.77% of children
tested for Toxocara spp. did not provide a stool sample for
analysis in the 2003 and 2010 censuses, respectively. Although
parasite prevalence rates derived from the examination of a

single stool sample are likely to be underestimated, this bias is
considered to be relatively small for most common intestinal
nematodes of humans,® except for Strongyloides stercoralis.
No significant differences (P > 0.05) were detected for most
demographic, socio-economic, and environmental parameters
between subjects who provided a stool sample or blood and
those who did not provide such samples.

Statistical analysis. A database was created with SPSS 13.0
software (SPSS Inc., Chicago, IL). The distribution of the
independent variables was identified using analysis of vari-
ance to compare the means, and > or Fisher tests were used
for comparing frequencies or proportions with an o = 0.05
critical level for the years 2003, 2010, and 2011. A causal
model for Toxocara spp. infection was developed a priori
based on a literature review of risk factors for the Toxocara
parasite and other intestinal parasites with similar methods
of transmission.>® In this model, five levels of possible associ-
ated risk factors were considered: socio-economic variables,
domestic and peridomestic conditions, access to health ser-
vices and child care, characteristics of birth and breastfeeding,
and morbidities and other child factors (Table 1).

A household wealth index using principal component anal-
ysis for 2003 and 2010 was constructed as validated by Filmer
and Pritchett for urban areas.®" This index was created based

TaBLE 1
Conceptual model for hierarchical analysis of factors associated with
a positive serology for Toxocara spp.

DISTAL

Block 1: Socio-economic variables
Wealth status
Receipt of benefits
Possession of household
Years of parental schooling
Block 2: Domestic and peridomestic environment
Type of household
House floor
Presence of electric power
Source of domestic water supply
Piped water supply in house
Source of drinking water
Treatment of drinking water
Intermittence of water supply
Type of toilet
Domestic waste disposal
Public waste collection
Presence of dogs and cats
Susceptibility to flooding during rain
Presence of open sewage near house
INTERMEDIATE Block 3: Access to health services and child care
Number of siblings that died before the
age of 5 years
Living with one or both biological
parents
Attending nursery or school
Block 4: Characteristics of the birth and
breastfeeding
Low birth weight
Duration of exclusive breastfeeding
Block 5: Morbidity and other child factors
Age
Gender
Skin color
Time living in the house
Respiratory symptoms or diseases
Other recent morbidities
Previous or present diagnosis
of intestinal parasites

PROXIMAL

Adapted from Prado and others, 2003.%°
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TABLE 2

Distal Block: distribution of children between 6 and 59 months of age according to socioeconomic and demographic features, Assis Brasil, Acre,
2003 and 2010

2003 2010
(N=182) (N=357)
Variables N* % N* % P valuet
Block 1: Socio-economic
Receipt of benefits < 0.001
No 172 94.5 249 69.7
Yes 10 5.5 108 30.3
Possession of household 0.018
Owned 148 81.3 260 72.8
Not owned 34 18.7 97 272
Years of maternal schooling 0.314
0 8 7.6 17 4.8
1-4 23 21.9 88 24.8
5-8 31 29.5 82 23.1
>8 43 41.0 168 473
Block 2: Domestic and peridomestic environment
Type of household construction 0.164
Brick walls 16 8.8 43 12.0
Wooden walls or another materials 165 91.2 314 88.0
Predominant house floor material 0.001
Cement, brick ceramic tile 30 16.5 102 28.7
Wood or land 152 83.5 254 713
Presence of electric power < 0.001
No 20 11.0 10 2.8
Yes 162 89.0 347 97.2
Source of domestic water supply < 0.001
Only public water supply 139 76.4 285 79.8
Only well water supply 0 0.0 34 9.5
Others sources including well 43 23.6 20 5.7
Well and public water supply 0 0.0 18 5.0
Piped water supply -
No NA NA 28 7.3
Yes, only inside the household NA NA 257 72.0
Yes, only outside the household NA NA 74 20.7
Source of drinking water < 0.001
Only public network 134 73.6 176 49.7
Mineral or/and wells 40 22.0 162 45.8
Rain, lakes and pitfalls 8 4.4 16 4.5
Drinking mineral water < 0.001
No 171 94.0 218 61.1
Yes 11 6.0 139 38.9
Treatment of drinking water < 0.001
Untreated 57 31.3 123 345
Mineral untreated 11 6.0 123 34.5
Boil and/or filtered and/or chlorinated 81 445 79 22.0
Only chlorinated 33 18.2 32 9.0
Intermittence of water supply < 0.001
Never 136 74.7 104 30.3
Often or rarely 46 253 239 69.7
Type of toilet < 0.001
Flushed toilet 27 14.8 222 62.1
Latrine 115 63.2 103 28.9
Without toilet 40 22.0 32 9.0
Domestic waste disposal 0.002
Public garbage collection 161 88.5 343 96.0
Buried or burned 8 4.4 7 2.0
Played in the environment (open area or river) 13 71 7 2.0
Public waste collection 0.001
No 21 11.5 14 3.9
Yes 161 88.5 343 96.1
Dogs in the household -
No NA NA 210 60.0
Yes NA NA 140 40.0
Cats in the household -
No NA NA 313 89.4
Yes NA NA 37 10.6
Susceptibility to flooding during rain -
No NA NA 204 59.1
Yes NA NA 141 40.9

(continued)
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TABLE 2
Continued
2003 2010
(N=182) (N=357)

Variables N* % N* % P valuet
Presence of open sewage near house < 0.001

No 147 81.2 217 60.8

Yes 34 18.8 140 39.2

*Missing in some variables.
fPearson’s 3~ test.
NA = not available.

on the presence of 21 consumer goods and household appli-
ances (television, stereo, DVD player, gas stove, refrigerator,
washing machine, telephone, bicycle, blender, electric iron,
car, sofa, satellite dish, mobile phone, motorcycle, computer,
boat, motor boat, water well, power generator, and micro-
wave oven) as described in previous publications/studies.**>?

Multiple logistic regression analysis using the hierarchical
conceptual model, as represented in Table 1, was performed
using R software version 2.14.0 (The R Foundation for Statisti-
cal Computing, Vienna, Austria). Separate multiple logistic
regression models for the years 2003 and 2010 were fitted to
individual- and household-level variables using manual inclu-
sion and forward selection procedures within each conceptual
block of variables, starting from the most distal to the most
proximal block of the conceptual model. Because of the miss-
ing values, only 118 and 265 observations were retained in the
final models for 2003 and 2010, respectively.

The overall seroconversion rate and confidence intervals
(CIs) were calculated between the years 2010 and 2011, using
the binomial distribution and exact probability computation
in the Epicalc package for R 2.14.0 software. Age-specific
seroconversion rates were also calculated for intervals of
5 months (between 6 and 11 months of age) or 12 months of
age for all other ages, using the same procedures as described
previously. Differences were considered statistically signifi-
cant if a P < 0.05 was obtained using x> or Fisher tests.
Because of the time between 2003 and 2010 and the possible
loss of antibodies or reinfection, we did not evaluate the sero-
conversion for this 7-year period. For the period 2010-2011,
we considered as putative risk factors the same variables ana-
lyzed at baseline in 2010 for the two cohorts.

Ethical considerations. The study was approved by the
Ethics Committee for Research with Human Beings at the
Federal University of Acre. We obtained informed consent
from the legal guardian of each participant before the study.
Children with a positive stool examination were treated with
antiparasitic drugs.

RESULTS

Parental and child socio-economic characteristics in 2003
and 2010. There were some important socio-economic
changes in the city between 2003 and 2010, namely in housing
conditions, source of domestic water and drinking water,
and size and ethnic composition of the pediatric population
(Table 2). Although the main house building material con-
tinued to be wood, more houses tended to have cement, brick,
or ceramic tile as the predominant home floor material in
2010. Other significant changes were observed in decreased
house ownership, increased number of households with elec-
tric power, decreased number of latrines, improved waste
collection, and increased number of houses with open sewage
systems (Table 2).

In 2003, most houses used water only from the public system
(76.4%), whereas the rest used water solely from other sources
(rain, river, or lakes). In 2010, the number of houses using
water only from the public network increased to 79.8%, with a
decrease of usage from other sources. Only 9.5% used water
from their own wells (9.5%) or from both the public system
and their wells (5%) (Table 2). The source of drinking water
also changed (Table 2). There was a reduction in the frequency
of children drinking water only from public sources from

TaBLE 3
Intermediate Block: distribution of children between 6 and 59 months of age according to access to health services and child care, Assis Brasil,

Acre, 2003 and 2010

2003 2010
(N=182) (N =357)
Variables N* % N* % P valuef

Block 3: Acces to health services and child care
Living with biological parents 0.730

Living with biological parents 125 67.7 240 67.2

Living with biological mother only 47 25.8 91 255

Living with biological father only or none of the parents 10 5.5 26 7.3
Any sibling died before 5 years of age? 0.029

No 97 95.1 309 88.3

Yes 5 4.9 41 11.7
Attending nursery or school

No NA NA 227 65.6

Yes NA NA 119 344

*Missing in some variables.
fPearson’s 3~ test.
NA = not available.
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73.6% to 49.7%, and an increase in the consumption of mineral
water from 6.0% in 2003 to 38.9% in 2010. The usage of drink-
ing water from rain, lakes, and pitfalls remained the same
(4.4% in 2003 and 4.5% in 2010).

No significant changes were observed in the number of
schooling years of the female guardian (Table 2). Between
2003 and 2010, the mothers of 133 (38.0%) children analyzed
in 2010 migrated from other cities or from rural/ riverine areas
of Assis Brasil to the urban area of this city, giving birth to a
child in the subsequent years. Table 3 shows some of the
changes in access to parental care and health services, mainly
an increase in the deaths of a child younger than 5 years of age
from 4.9% to 11.7%.

Table 4 shows the characteristics of children < 5 years of
age by year of study. The distribution of the population by
gender and age were similar in both periods. There was a
major change in race distribution, with an increase in indige-
nous children living in the urban area. The proportion of
children presenting with previous episodes of wheezing or
asthma decreased from 40.9% to 24.0%. Most of the children

had been living in the urban area since birth. Only 10.4% in
2003 and 16.9% in 2010 had not been born in the urban area
of Assis Brasil or had lived part of their lives in other places
(rural areas, riverine areas, or other cities).

Prevalence of antibodies in children aged 6 months to
59 months. The IgG antibodies to Toxocara spp. larval anti-
gens were detected in 41 and 65 subjects in 2003 and 2010,
respectively. In 2003, the overall seroprevalence rate was
28.08% (95% CI, 21.43-35.86%), and in 2010, it was 23.35%
(95% CI, 18.74-28.71%) This difference was not significant
(P = 0.20). The seroprevalence rate was significantly higher
among children 36-59 months of age than in younger chil-
dren, both in 2003 and 2010 (P = 0.001 and 0.003, respectively,
see Figures 2 and 3).

Factors associated with the presence of serum anti-
Toxocara antibodies in 2003 and 2010. In 2003 (Table 5),
having positive serology was significantly associated with
child age and wheezing or asthma in the past 12 months and
current infection with other helminths (Ascaris lumbricoides
and Trichuris trichiura in 33.3% of children).

TABLE 4

Proximal Block: distribution of children between 6 and 59 months of age according to characteristics of the birth and breastfeeding and other child

factors, Assis Brasil, Acre, 2003 and 2010

2003 2010
(N=182) (N =357)
Variables N* % N* % P valuet
Block 4: Characteristics of the birth and breastfeeding
Low birth weight 0.016
No,>2.500 g 151 96.2 280 90.3
Yes, <2.500 g 6 3.8 30 9.7
Duration of exclusive breastfeedingi 0.125
30 days 105 64.8 152 58.7
<30 days 57 352 107 413
Block 5: Morbidity and other child factors
Gender 0.234
Men 86 47.3 182 51.0
Female 96 52.7 175 49.0
Age in months 0.333
From 6 to 11 17 9.3 49 13.8
From 12 to 23 45 247 86 242
From 24 to 35 42 23.1 60 16.8
From 36 to 47 42 23.1 86 242
From 48 to 59 36 19.8 75 21.0
Skin color < 0.001
White 23 172 81 23.6
Black 9 6.8 3 0.9
Indigenous 5 3.8 35 10.2
Brown (“Pardo”)$§ 96 72.2 224 65.3
Previous helminthiasis in lifetime -
No NA NA 172 48.5
Yes NA NA 183 51.5
Wheezing or asthma in the previous 12 months < 0.001
No 104 59.1 263 76.0
Yes 72 40.9 83 24.0
Other morbidities in the previous 12 months < 0.001
No 105 57.5 149 41.7
Yes 77 423 208 583
Treatment of intestinal parasites in the previous six months 0.028
No 79 434 186 52.7
Yes 103 56.6 167 473
Soil-transmitted helminthes in fecal exam in the day of interview 0.200
No 128 86.5 271 89.6
Yes 20 13.5 32 10.4

*Missing in some variables.

TPearson’s xz test.

$Excluding the children that only breastfed.

§Brown skin color is the one observed among offspring from Black and White people.
NA = not available.
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FiGUure 2. Prevalence of immunoglobulin G (IgG) antibodies to
excreted-secreted larval antigens of Toxocara canis according to age
in Assis Brasil, 2003.

In 2010 (Table 6), age and having a previous history of
intestinal parasitosis continued to be important factors associ-
ated with the presence of antibodies against Toxocara spp.
On the day of blood draw, some of the seropositive children
had a fecal exam positive for A. lumbricoides, T. trichiura,
Ancylostoma spp., Hymenolepis nana (19.2%), or intestinal
protozoa (36.5%), but no association was found between har-
boring intestinal parasites in the feces and positive serology.
Having a dog was also associated with seropositivity, but hav-
ing a cat was not. This information was not collected in 2003;
therefore, we cannot compare the effect of owning a pet
between the 2 years.

In 2010, having pumped piped water inside the household
(either from the public system or from wells) was a protective
factor compared with those that had piped water outside the
household or did not have piped water at all (Table 6).
Although the majority of children lived in houses with piped
water inside (72.0%), 20.7% had piped water only outside the
household, coming either from the public system or wells. The
remaining 7.3% extracted their water directly from rain,
dams, or waterholes (Table 2). Therefore, those households
without piped water inside the household were at higher risk
of contamination, regardless of whether the water was coming
from the public system, wells, or pitfalls.

Seroconversion rates for 2010-2011 and associated factors.
The 1-year seroconversion rate was 13.90% for children 6-
59 months of age (CI 9.04-20.17%) and 12.30% for children
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FiIGURE 3. Prevalence of immunoglobulin G (IgG) antibodies to
excreted-secreted larval antigens of Toxocara canis according to age
in Assis Brasil, 2010.

84-143 months of age (CI 6.37-22.45%). No age-specific differ-
ences were observed in the seroconversion rates in the follow-up
(Table 7), suggesting that the observed age-prevalence pattern
was caused by cumulative exposure rather than an age-related
change in seroconversion rate.

Having a dog in the household was the only factor associ-
ated with seroconversion in children 84-143 months of age
(P = 0.019). In younger children (6-59 months of age), drink-
ing water from a public source and the type of treatment
of drinking water were associated with seroconversion in
unadjusted analysis, but having piped water inside the house
was not.

Drinking water from a public source was more frequent
among those that seroconverted than in those that did not
seroconvert (82.6% versus 49.3%, P = 0.002). On the other
hand, the consumption of mineral water was more common
among children who continued to be seronegative at the
follow-up (42.3% versus 17.4%, P = 0.018). The majority of
children who seroconverted drank water from the public
system without any treatment (52.2%). A few of them treated
the water from the public system with chlorine only (13.1%)
or treated the water with multiple methods (chlorine, boiling,
or filtering, 17.4%). Three children that seroconverted drank
only mineral water without treatment. Among those children
that remained seronegative, only 29.6% drank water from the
public system without any treatment.

Neither the wealth index based on consumable items nor
other variables included in the analysis were associated with
Toxocara spp. seroconversion (P > 0.05).

DISCUSSION

The prevalence of anti-Toxocara antibodies in Assis Brasil
varied from 23% in 2003 to 28% in 2010 (P = 0.20, x* test).
This result is similar to the prevalence found in other
studies of children < 15 years of age, such as those from non-
Amazonian Brazil (21.8-48.4%),>*7*7 Nigeria (29.6%),” Iran
(25-25.6%),°>* and Argentina (23-37.9%).*%

There are few studies published about toxocariasis epide-
miology in the Brazilian Amazon. Damian and colleagues’
found a prevalence of 33% of anti-Toxocara antibodies in
children 0-5 years of age living in the state of Amazonas. This
prevalence increased to 50% between 6 and 10 years of age.
Previous studies in Acre detected a seroprevalence of 26.8%
in the general rural population, with a higher prevalence
(36.6%) in children between 5 and 14 years of age.'* In other
parts of the Amazon, higher prevalence has been found, such
as in the Peruvian Amazon (32.4-44.92%)">** and in the
Venezuelan Amazon (34.9%).'® This higher prevalence can
be explained by the fact the study populations included
older subjects.

There was a change of 5.0% in the seroprevalence of
Toxocara spp. in Assis Brasil between 2003 and 2010, but this
change was not significant. In other words, factors that may
have contributed to this minor decrease in seroprevalence
were not enough to decrease Toxocara spp. transmission rates
as expected, according to previous publications®; this may be a
result of several reasons. First, between 2003 and 2010, there
was an improvement in certain living conditions, such as
house floor type, house latrines, garbage disposal, and house
ownership. Second, the sources of domestic and drinking
water supply also improved. However, domestic water quality
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TABLE 5
Crude and adjusted odds ratio for having a positive serology for Toxocara spp. in children from 6 to 59 months of age, Assis Brasil, 2003

Variables Missing Crude OR P value* Adjusted OR¥ (C195%) p value*

Child age 0

Age in years < 0.001 2.28 (1.47-3.56) <0.001
Wheezing or asthma in the previous 12 months 5

No 1

Yes 0.037 2.73 (1.06-7.03) 0.034
Soil-transmitted helminthes in fecal exam 24

No 1

Yes 0.001 9.48 (2.59-34.65) 0.002

* Wald test.

+ Odds Ratio (OR) adjusted by all variables in the table and gender.

worsened, as more houses tended to frequently lack water,
and open sewage increased significantly.

Another important factor that may have contributed to
maintaining transmission levels is that the actual size of the
study population increased from 182 to 357 children between
2003 and 2010. This is a combined result of population growth
(increased number of children born) and internal and external
migration. The fact that almost 40.0% of the families moved
to the urban area of Assis Brasil after 2003 but only 16.9% of
the children had not been born in the urban area indicates
that early in the study period, migration was reinforced. How-
ever, as the majority of the children had been born in the
urban area to migrant parents, the majority of the infections
detected were most likely acquired in the urban setting. The
construction of the Interoceanic Highway between Rio
Branco and the Pacific Ocean, which was terminated on the
Brazilian side in early 2003, may have contributed to this
internal migration. However, the municipality did not have
adequate urban infrastructure to deal with the consequences
of economic development, resulting in increased urban illegal
settlement areas with worsened living conditions.

The main factors associated with seroprevalence were
having a piped water supply inside the household, ownership
of a dog, child age, previous history of asthma or wheezing,
and previous or present history of helminthiasis.

Our results suggest that Toxocara spp. transmission
occurred in our study mainly because of the use of contami-
nated water in children < 60 months of age. Even with an
improvement in the public sanitation system of Assis Brasil
from 2003 to 2010, and more houses receiving piped water,
this improvement per se was not capable of decreasing
toxocariasis prevalence. Being able to pump water from the
public network inside the house can protect from infection,

which suggests that water contamination is occurring in the
peridomestic environment after the water comes from the
public system, most likely because peridomestic sanitation
conditions did not improve to the same extent as the water
supply. Wandering infected animals in the peridomestic envi-
ronment, waste disposal, and open sewage in the house are
the most likely sources of domestic and drinking water con-
tamination by eggs. Similar results were found by Baboolal
and Rawlins* when studying 1,009 school-age children in the
Caribbean. It was observed that children without access to
piped water were at higher risk of infection in Trinidad*’;
in Turkey, not having access to piped water was also associ-
ated with toxocariasis.*®

Approximately 40.0% of infected children in Assis Brasil
had a dog as a pet. Damian and others’ also found that the
main risk factor for anti-Toxocara antibodies in children was
household contact with dogs or puppies. Mendonga and
others” reported that in a cohort with a high prevalence of
seropositive children, only 15.0% of them washed their hands
after contact with pets. This putative risk factor was con-
firmed in another study performed in the Amazon in which
95 dogs were assessed for the presence of eggs in their feces,
and 18.9% of the dogs were positive for T. canis, which is the
second most prevalent canine parasite.’ Several other studies
also found an association between dog ownership or dog con-
tact and toxocariasis.****1484% Wolfe and Wright™® analyzed
fur samples from 60 dogs in Ireland and United Kingdom, and
they found the presence of 7. canis eggs in 25% of the sam-
ples, proving the possibility of parasite transmission because
of direct contact with dogs. Other studies found prevalence
between 21.56% and 95% of dogs with eggs in their fur.’'~>?

The seroconversion rate obtained here is slightly higher
than those described in non- Amazonian areas of Brazil

TABLE 6
Crude and adjusted odds ratio for having a positive serology for Toxocara spp. in children from 6 to 59 months of age, Assis Brasil, 2010

Variables Missing Crude OR P value* Adjusted ORT (CI95%) P value*
Child age 0
Age in years 1.54 0.009 1.45 (1.10-1.92) 0.008
Dogs in the household 7
No 1 1
Yes 1.86 0.02 2.11 (1.13-3.95) 0.019
Piped water supply inside the household 0
No 1 1
Yes 0.29 <0.001 0.23 (0.12-0.44) <0.001
Previous helminthiasis in lifetime 2
No 1 1
Yes 2.22 0.049 1.97 (1.00-3.88) 0.024

*Wald test.
+0dds Ratio (OR) adjusted by all variables in the table and gender.



678 OLIART- GUZMAN AND OTHERS

TABLE 7

Seroconversion rates for Toxocara spp. according to age strata, Assis
Brasil, 2010-2011

Absence qf Presence qf
seroconversion seroconversion
N* % N* % P value®
Child age in months
Under 60 months of age*  0.459
From 6 to 11 12 8.5 1 43
From 12 to 23 38 26.8 6 26.1
From 24 to 35 25 17.6 8 34.8
From 36 to 47 39 27.5 4 17.4
From 48 to 59 28 19.6 4 17.4
84 months and over** 0.438
From 84 to 95 11 20.0 1 12.5
From 96 to 107 10 18.2 3 37.5
From 108 to 119 14 25.5 2 25.0
From 120 to 131 12 21.8 0 0.0
From 132 to 143 8 14.5 2 25.0

#Fisher’s exact test, * Cohort 2, ** Cohort 1.

(7.63%)"7; the seroprevalence of anti-Toxocara antibodies
increased during childhood in Assis Brasil but not the sero-
conversion rates. In other words, no influence of behavioral
or biological features that can explain the rise in seropreva-
lence according to age could be shown in this study, only a
cumulative effect of exposure. These findings are corrobo-
rated by Agudelo and colleagues,>* who state that the differ-
ences in seroprevalence according to age are the result of the
persistence of antibodies for several years after the initial
infection or the result of several infections until the age of 20.
Given that the factors associated with seroconversion changed
with age but not the seroconversion rate per itself, it is reason-
able to assume that both contaminated water and animal
contact were equally efficient in maintaining 7oxocara spp.
transmission among this population.

The occurrence of recent wheezing was associated with the
presence of antibodies against Toxocara spp. in this study.
This relationship between wheezing and toxocariasis has been
described by several authors. Figueiredo and colleagues*®
studied 208 children between 1 and 14 years of age in a large
urban city in Brazil and detected a positive association
between asthma and a positive serology for Toxocara spp.,
mainly in children > 3 years. Bujs and colleagues® found that
seropositive kindergarten children presented with a higher
prevalence of asthma and recurrent bronchitis than those
that were seronegative. Chan and colleagues and Cobzaru
and colleagues®®’ both showed that asthmatic children
had higher titers of anti-Toxocara antibodies than non-
asthmatic children.

How Toxocara spp. causes asthma remains unclear. Bujs
and colleagues™ showed that Toxocara larval antigens favor
the development of a Th2 response, with production of inter-
leukin-4 (IL-4) and IL-5 cytokines and consequent production
of IgE by B lymphocytes. At the same time, Toxocara larval
stages can migrate into the lung, causing tissue alterations
that result in coughing, wheezing, asthma-like symptoms, and
pulmonary infiltrate.”® Dabrowska and others (2012)*” showed
eosinophilic perivasculitis and vasculitis in mice lungs infected
with T. canis, and Pinelli and others (2005)°° showed that mice
infected with 7. canis develop airway hyper-responsiveness,
increased levels of IgE and eosinophils in bronchoalveolar
lavage, and increased levels of IL-5 after experimental infec-

tion, with the presence of 7. canis larvae observed even after
60 days post-infection.

In our study, some seropositive children were infected with
A. lumbricoides, T. trichiura, Ancylostoma spp., and H. nana,
and an association was found between anti-Toxocara anti-
bodies and a previous history of intestinal parasitosis. Other
studies have indicated the existence of an association between
toxocariasis and other helminth infections, such as 7. trichiura,
Schistosoma mansoni, and A. lumbricoidesﬁl’ﬁz; this association
can be explained because the mechanism of transmission of
Toxocara spp. is similar to other helminthes, and therefore,
the risk of infection is similar in areas where these parasites
co-exist. At the same time, cross-reactivity, caused by the anti-
genic similarity between intestinal parasites, can occur in the
immunoassay.®*** Therefore, we pre-absorbed all tested sera
with antigens of Ascaris suum to minimize the presence of
false-positive immunological reactions with derivatives of this
parasite®® in our study. This technical procedure has been
described by several groups as increasing the specificity of
the test because it reduces cross-reactivity to Ascaris spp.”’
However, there may have been some degree of cross-reaction
with 7. trichiura® that could not be properly controlled. No
decrease in the specificity of the excretory antigen ELISA has
been found in the literature after incubation with Ancylostoma
antigens36; therefore, this possible bias is minimized in our
study. Recently, Mendonca and others (2013)* described a
new in-house ELISA procedure using preincubation with
Ascaris lumbricoides antigens instead of A. suum antigens,
which resulted in higher Toxocara ELISA specificity. This
new procedure may help reduce cross-reactivity issues in future
studies. Because an association was found between seropositiv-
ity and a medical history of previous intestinal parasitosis, it is
unlikely that cross-reactivity biased the findings.

This study has some limitations. The first limitation is that
toxocariasis is measured by the presence of serum IgG anti-
bodies only, and therefore, it is not possible to differentiate
between acute and previous infections. However, serological
diagnosis of acute human toxocariasis is still limited, and even
specific IgM antibodies are reported to occur in both acute
and chronic phases of toxocariasis.®*®” Lopez and others
(2005) tried to follow 19 children that were treated for acute
toxocariasis measuring IgM levels, and half of them remained
with detectable IgM after 18 months of follow-up. In the same
study, of 75 positive children, only three were negative for
IgG.% Elefant and others (2006)** also attempted to follow
acute cases of toxocariasis using serology, and the only good
marker of acute infection was IgG, although it cannot be used
for treatment follow-up. Even the detection of other classes of
immunoglobulins (IgE, IgA, and subclasses of IgG) or circu-
lating Ag is not able to discriminate between active and self-
cured generalized toxocaral infections.”” The best way to
evaluate acute toxocariasis remains in the use of clinical
symptoms coupled with non-specific laboratory diagnosis,
such as counting the number of eosinophils in a hemogram,®’
which was not possible in this study.

Detection bias during follow-up may have occurred as well,
as antibodies against Toxocara spp. are not present forever in
the sera. Although the duration of such antibodies has been
reported to be as long as 4 years,> it is still possible that a
Toxocara spp. primary infection or reinfection occurring long
before 2003 or right after 2003 and 2010 may not have been
detected because of a decrease in IgG levels below detectable
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levels. However, the extent of this bias must be small, as the
prevalence rates in this study are close to the reported preva-
lence in other areas of the Amazon,'%!*1¢

Another limitation of this study is the number of missing
cases in 2003 and 2010. For 2003, these limitations are mostly
a result of children not being tested for the presence of anti-
bodies. Given that no significant differences were found
between tested and non-tested children, this limitation is
unlikely to have biased the study. However, the small number
of children tested may in fact have decreased the power of the
study to detect significant associations for this year. In addi-
tion, two possible risk factors were not investigated in 2003,
the presence of animals and piped water in the house, which
limits the study.

For 2010, non-tested children were less likely to have had a
previous intestinal parasite, therefore a selection bias may
have occurred in which those mothers who perceived their
children as healthy may have agreed to have them tested less
frequently, which may have led to an overestimation of the
association between the presence of anti-7Toxocara IgG and
intestinal parasitosis. However, as this variable has been
shown to be associated in other studies with toxocariasis, this
bias does not invalidate the present findings. Approximately
63% of eligible children < 1 year of age were not examined
because of technical limitations in blood sampling. Therefore,
the seroprevalence in this age stratum may have been
underestimated. The lack of association between the socio-
economic index based on consumption of goods measured at
the time of blood sampling and Toxocara infection may be
explained by the fact that it may not be an adequate instru-
ment to correlate with past exposure, but socioeconomic con-
ditions were also measured in additional ways.

Finally, recall biases may have occurred for a few variables
(the number of siblings that died before 5 years of age and
duration of exclusive breastfeeding), which would have
reduced the power of the study to detect a significant associa-
tion between them and having a positive serology for
Toxocara spp. The small number of children who sero-
converted between 2010 and 2011 is also a limitation of the
study because it was not possible to control the analysis for all
confounding factors. At the same time, the small number of
events may have prevented the detection of other important
associations with seroconversion.

Toxocariasis is a parasitic disease that occurs at high preva-
lence in poor countries, and the Amazon region is vulnerable
to it as well. Although associated with the quality of living
conditions, the general improvement of social, economic,
and environmental conditions, as has been occurring in the
Amazon, does not appear to be sufficient for specifically
reducing the transmission of this parasite. Even after § years
of accelerated Amazonian regional development, such as the
construction of the Pacific road, new health care units,
improved waste collection, and other public policies in the
Acre state, the toxocariasis prevalence remained the same.

Human toxocariasis control in the Amazon requires deeper
investigation of personal hygiene habits, detection and treat-
ment of infected individuals, and the empirical use of chemo-
prophylaxis in higher risk subjects, such as young children.
For the successful control of animal toxocariasis in the
Amazon, a study on the ownership of cats and dogs and the
prevalence of Toxocara spp. eggs in their feces and in public
areas such as schools and recreational places must be per-

formed. Only the treatment of infected children and dogs
and the adoption of education programs will be effective for
reducing transmission.
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