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FREQUENCY OF EOSINOPHILIA AND RISK FACTORS AND THEIR ASSOCIATION WITH Toxocara
INFECTION IN SCHOOLCHILDREN DURING A HEALTH SURVEY IN THE NORTH OF LIMA, PERU

William H. ROLDAN(1), Yrma A. ESPINOZA (1), Arturo ATUNCAR(2), Emperatriz ORTEGA(2), América MARTINEZ(2) & Melissa SARAVIA(2)

SUMMARY

During a health survey in a primary school from the district of Carabayllo (North of Lima, Peru), 200 schoolchildren (96 male
and 104 female between five to 12 years old) were randomly selected and divided in two groups (as positive or negative group),
according to the serologic result of the Toxocara ELISA test from a total population of 646 schoolchildren. All children were analyzed
by hematologic tests to determinate the frequency of eosinophilia and leukocytosis. Additionally, all clinical and epidemiological
data were also analyzed to determine their association with toxocariasis. From group of children with positive serology, 40% had
some type of eosinophilia in contrast to 19% of children with negative serology, and their association was statistically significant
(OR =2.84, p < 0.001). From all signs and symptoms evaluated, only ‘dry cough’ was more frequent and statistically significant in
the positive serology group (OR =2.79, p < 0.001). Almost all risk factors evaluated were highly frequent and statistically associated
to the positive serology. In conclusion, the presence of eosinophilia and the risk factors evaluated in this population were frequently

associated to human toxocariasis.
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INTRODUCTION

Human toxocariasis is an accidental parasitic disease due to infection
by larval stages of Toxocara canis and T. cati, the common roundworms
of dogs and cats, respectively'®. The adult forms live in the upper intestinal
tract of their definitive hosts and can produce about 200,000 eggs per
day and are excreted into the environment with their feces®. Toxocara
eggs usually become infective within two to five weeks and have been
isolated in backyard soil, parks, playgrounds, and other public places
around the world">*.

Humans become infected by ingesting either embryonated eggs from
soil, dirty hands or raw vegetables and these eggs hatch to release larvae
that penetrate the small intestine, enter the circulatory system, and invade
several organs, including liver, heart, lungs, eyes, brain and other tissues.
In most cases, their migration causes an intense inflammatory response
and eosinophilia'>¥.

Visceral and ocular toxocariasis (VLM and OLM, respectively) are
two primary clinical syndromes associated with Toxocara infection.
VLM is a severe systemic form of toxocariasis, characterized by high
eosinophilia, hypergammaglobulinemia, fever, hepatosplenomegaly, and
lung involvement and affect mainly children®*.

OLM is due to intraocular infection and their manifestations include

chorioretinitis, optic papillitis, endophthalmitis, and keratitis and can lead
to permanent partial or complete loss of vision®3!, VLM and OLM are
reported in the medical literature for many years, but there are discrepancies
among the low frequencies of disease and the high values of seroprevalence
reported in apparent healthy people. This gives an idea about the existence
of other forms of toxocariasis, whose clinical forms are very unspecific
and distinct of the classics VML and OLM syndromes®-3.

In helminthic diseases, moderate to severe eosinophilia occurs
as a pathophysiologic response to the parasitic infection® and it
has been recognized that toxocariasis might be the main cause of
eosinophilia, regardless of the presence of signs and symptoms or organ
injuries®. However, a peripheral eosinophilia is not always specific for
toxocariasis®.

In order to know the association among peripheral eosinophilia,
clinical signs and symptoms, and serology for Toxocara, the aim of the
present study was to determinate the frequency of eosinophilia and risk
factors and their association with toxocariasis in schoolchildren during
a health survey in the North of Lima, Peru.

MATERIAL AND METHODS

From May to August 2006, a total population of 646 schoolchildren
participated in a gratuitous health promotion carried out in the district
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of Carabayllo (North of Lima city, Peru), as part of the community
health promotion services. This health promotion included medical,
parasitological and immunological examinations. Additionally, all the
participants were previously interviewed using an individual clinical-
epidemiological questionnaire plus a free informed consent signed by
their parents. The anamnesis data, clinical signs and symptoms (lung
involvement, bronchospasms, bronchitis, asthma, chronic weakness,
hepato and splenomegaly, rash, abdominal pain, muscle pain, strabismus,
retinitis, visual loss, convulsions and other signs of central nervous system
involvement); epidemiological data and risk factors (age, sex, ownership
of dogs or/and cats, their presence within the home, presence of house
gardens and its use in child games, use of public parks, history of pica
and/or geophagia). The clinical interview, the individual questionnaire,
as well as the use of biological fluid samples stocked at our institution
had the approval of the Ethical Research Committee of the Faculty of
Medicine, UNMSM.

All sera from the child school population interviewed were analyzed
by a Toxocara ELISA-IgG test (see below) and the total frequency for
anti-Toxocara antibodies was 31.1% (201/646). Then, two groups of 100
children were randomly selected for the hematological study, according
to the serological result of the ELISA test (positive or negative).

The Toxocara ELISA-IgG test was carried out according to
procedures of ROLDAN et al.* at a serum dilution of 1:200. The cut-off
value was set by the mean optical density (OD) of the negative reference
serum, plus three standard deviations. Serum samples with OD above
of cut-off value were considered as positive. Additionally, all positive
sera were serially two-fold diluted to determine antibody concentration
by titration.

For hematological examination, heparinized blood samples were
collected and all routine laboratorial examinations were included
(total erythrocyte and leukocyte count, leukocyte differential formula,
hemoglobin and hematocrit). Leukocytosis was defined as cell count
more than 10,000 cells/uL and the eosinophilia was defined as absolute
eosinophils count more than 500 cells/uL* and classified as normal (<
6%), mild (6-10%), moderate (11-15%) and severe (> 15%) eosinophilia.
Additionally, parasitological examination in stool samples was realized
to detect intestinal parasites that can generate cross-reactions with the
ELISA test.

All data were introduced in an Excel spreadsheet and statistical
analysis was carried out using the program Epi-Info version 6.0. Chi-
square test and Odds Ratio (OR) were performed to confirm the difference
between groups. The level of significance selected was p < 0.05.

RESULTS

A total of 200 children (96 male and 104 female) were evaluated and
their mean age was 7.35 = 1.49 years old (range 5-12 years old). The
mean OD value for the children group with positive serology was 0.905
+ 0.196 (range 0.611-1.393) and for the children group with negative
serology was 0.1898 +0.077 (range 0.09-0.296). From 100 children with
positive serology, 48% had titers of 200, 26% had titers of 400, 18% had
titers of 800, and 8% (2/59) had titers of 1600.
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The mean of total erythrocytes count was 4,285,000 + 1,874,000
cells/uL (range 3,930,000 - 6,730,000 cells/uL), total leukocytes count
was 13,234.6 + 6,642.3 cells/uL (range 3,750 - 23,700 cells/uL), and
eosinophils count was 1,650.9 +453.5 cells/uL (range 55 - 2310 cells/uL).
Neither of studied schoolchildren took low levels of hemoglobin (normal
levels = 11.5-14.5 g/dL) or hematocrit (normal levels = 37-39%).

From group of children with positive serology, 57% had leukocytosis
and 40% had some type of eosinophilia (28% had mild eosinophilia,
9% had moderate eosinophilia, and 3% had severe eosinophilia) and its
association was statistically significant (Chi-square = 10.6; p = 0.0011;
OR = 2.84). In contrast, children group with negative serology, 38%
had leukocytosis and 19% had some type of eosinophilia (18% had mild
eosinophilia, and 1% had moderate eosinophilia).

In both studied groups, various children were found to have signs or
symptoms related with toxocariasis. However, only the presence of ‘dry
cough’ were statistically significant in patients with positive serology
(Chi-square = 9.96; p = 0.0016; OR = 2.79). All record of signs and
symptoms evaluated in this study are shown in the Table 1.

Almost all risk factors for toxocariasis were significant in relation
to the serology, except for ‘presence of dogs and cats within the house’
(Chi-square =2.12; p = 0.1452; OR = 1.53) and ‘playing with dogs and
cats’ (Chi-square = 1.06; p =0.3039; OR = 1.35) that was not statistically
significant (Table 2).

The parasitological study revealed that 32% of children with
positive serology had some intestinal pathogen parasite (28% had
Blastocystis hominis, 10% has Giardia lamblia, 1% had Cyclospora
cayetanensis, and 1% had Enterobius vermicularis) in contrast to 24%
of children with negative serology (21% had B. hominis, and 8% has
G. lamblia). However the relationship between intestinal parasites and
serology for Toxocara was not statistically significant (Chi-square =
1.59; p =0.2077; OR = 1.49).

DISCUSSION

Human toxocariasis is still a poorly diagnosed disease, especially in
places with conditions, which favors its development, and it is largely
unknown either to health professionals or the general population.

Previously, we observed 31.1% of frequency for anti-Toxocara
antibodies in this child population using an ELISA-IgG test, suggesting
that this child population had contact with the parasite, and developed
an immune response with production of specific antibodies. This value
is similar in comparison with other studies carried out in our country'®!’
and in other Latin American countries'>*3"3,

After the hematological analysis of the two groups of children
(ELISA positive group and ELISA negative group), we have found that
40% of the ELISA positive group had eosinophilia with a significant
association to the serology (p = 0.0011). However, 19% of the ELISA
negative group also had some type of eosinophilia. In both groups, a mild
eosinophilia was predominantly found indicating a possible eosinophilia
due to Toxocara infection as reported by other authors!>!32326,

Although it is known that allergic, malignant and infectious diseases
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TABLE 1
Distribution of signs and symptoms as related to Toxocara serology in schoolchildren from district of Carabayllo, Lima, Peru, 2006

Serology for Toxocara Statistics
Signs and symptoms iti i Total
£ ymp (I;ozsl?(\)lg) (Nnezge;t(l)\(l)e) n % Chi-square OR P
Eosinophilia 40 19 59 29.5 10.6 2.84 0.0011*
Leukocytosis 57 38 95 47.5 7.24 2.16 0.0071*
Dry cough 38 18 56 28 9.96 2.79 0.0016*
Bronchitis 14 22 11 1.84 1.87 0.1751
Asthma 7 6 13 6.5 0.04 0.93 0.8489
Abdominal pain 43 45 88 44 0.08 0.92 0.7757
Hepatosplenomegaly 0 0 0 0 N.A N.A N.A**
Weight loose 12 21 10.5 0.48 1.38 0.4889
Chronic weakness 17 12 29 14.5 1.01 1.5 0.3153
Occasional fever 15 14 29 14.5 0.04 1.08 0.8408
Rash 14 12 26 13 0.18 1.19 0.6741
Muscle pain 24 23 47 23.5 0.03 1.06 0.8676
Head pain 33 26 59 29.5 1.18 1.4 0.2778
Convulsions 2 0 2 1 0.34 2.02 0.5607
Visual loose 13 12 25 12.5 0.05 1.1 0.8307
Photophobia 15 14 29 14.5 0.04 1.08 0.8408
Ocular pain 12 9 21 10.5 0.48 1.38 0.4889
* Significant values; p < 0.05; ** Non applicable.
Table 2

Distribution of risk factors as related to Toxocara serology in schoolchildren from district of Carabayllo, Lima, Peru, 2006

Serology for Toxocara Statistics
Risk factors iti i Total
(Eozmil(\)zg) (Nne:galt(l)\g:) ; % Chi-square OR p

Dogs or cats within the home 43 33 76 38 2.12 1.53 0.1452
Playing with dogs or cats 40 33 73 36.5 1.06 1.35 0.3039
Gardens in the house 45 31 76 38 4.16 1.82 0.0414*
Playing on house gardens 57 29 86 43 15.99 3.25 0.0001*
Playing in public parks 64 50 114 57 4 1.78 0.0455*
Pets in playgrounds 62 41 103 51.5 8.83 2.35 0.003*
History of pica or geophagia 78 57 135 67.5 10.05 2.67 0.0015*

* Significant values; p < 0.05.

can cause an increase of eosinophils in peripheral blood, it is accepted

that the most common cause of eosinophilia are parasitic infections.
The parasitic diseases causing strong eosinophilia are schistosomiasis,
filariasis, trichinosis, toxocariasis, and fasciolosis'#3%3234 Furthermore,
it is known that eosinophilia is very associated with toxocariasis in

pediatric patients but there have been few studies about the relationship
between toxocariasis and eosinophilia. On the other hand, the children
with negative serology also presented a mild eosinophilia, which might
be due to another tissue parasitic infection or an early Toxocara infection
without positive serology, a possible allergy (also frequent in pediatric
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patients), a case of atopy, or other unknown causes.

The presence of signs and symptoms associated to positive serology
indicates a Toxocara infection in pediatric patients, as reported by many
authors'>172*3_ However, we almost not found evidences of clinical
signs or symptoms suggestive to Toxocara infection in this child
population, except for ‘dry cough’ that was statistically significant and
more frequent in the seropositive group than in the seronegative group
(p = 0.0016). These data suggest that this studied population could be
presenting an unapparent or covert toxocariasis**#**!, due to unspecific
clinical manifestations and the mild eosinophilia so different from classic
syndromes of VLM and OLM.

Many studies have shown that the risk factors are very important in
the epidemiology of toxocariasis, mainly the presence of dogs and cats
living together with the people. However, in this study, we have not found
some relationship between playing with dogs or cats, in agreement with
other reported studies'®?' but contradicting the findings by CHIEFFI ez
al® and SCHANTZ et al.*, who have reported a higher frequency of
infection in individuals who were in contact with dogs.

The presence of dogs or/and cats within home tended to be associated
with risk of infection by Toxocara®*. However, in the present study, this
association was not statistically significant (p = 0.1452), contradicting
findings by CHIODO er al."' and SCHANTZ et al.* showing significant
association between seropositivity and dogs or/and cats within the
home.

Some studies have demonstrated that soil samples taken from gardens
of homes where a clinical case of toxocariasis is found, are likely to be
contaminated'®!*?. Toxocara eggs have been recovered from salads and
other raw vegetables taken from such gardens®. In our study, we found a
high significant association between having gardens and positive serology
to Toxocara (p = 0.0414). Few reports mention sampling of residential
locations or specific areas, such as gardens, likely to be important in
transmission!’. These areas are of special significance because of the
potential for extensive use by humans and their pets.

In many cases, children tended to play inside gardens because their
typical social behavior, resulting in increased exposure to the Toxocara
eggs when the same gardens are used for defecations of pets!®!*?*3_ In
the present study, we have found a high significant association between
playing on gardens and positive serology to Toxocara (p = 0.0001).

MAGNAVAL et al. * reported that poor personal hygiene as well as
consumption of raw vegetables grown in contaminated kitchen gardens
may result in chronic low-dose infections.

Use of public parks for games is another important risk factor
associated to toxocariasis infection because canine stools are very
frequent in these places in many countries'™'**. In our study, playing
in public parks (p = 0.0455) and presence of pets in these places (p =
0.003) had a significant association with Toxocara infection. It is possible
that infection in children might have been brought about by inadvertent
ingestion of Toxocara eggs contaminating soil of public parks within
the district. Limited studies in our country on the contaminated soil
with Toxocara eggs revealed a frequency ranging from 30% to 80%7%".
Furthermore, the proportion of soil samples positive for Toxocara eggs
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in parks and playgrounds from Latin American countries has ranged
from 15 to 78%°.

Geophagia (eating soil) is a specific type of pica that increases the
risk of toxocariasis, especially in children living in homes with puppies
that have not been dewormed. In this study, we have found that this type
of human behavior is significantly associated to Toxocara infection (p
=0.0015). Moreover, geophagia is the main characteristic associated to
toxocariasis as reported in several studies around the world, since human
toxocariasis has been described as a soil transmitted zoonosis>!>17:202,

Systemic infection and high frequency of intestinal parasites
occasionally might be found, but its statistical association between them is
poor. As results show, more frequent parasites are protozoa and they do not
cause cross-reactions with the ELISA test. However, these results suggest
that this child population have been exposed to fecal contamination of
food and poor hygiene; this is a principal way to get Toxocara infection
and represent a characteristic from the studied group.

The frequency of human toxocariasis found in the present study could
be the result of various factors, but doubtless, the most important are the
rural and social characteristics of the district of Carabayllo, a town in the
North of Lima with an extended area without paved streets and a deficient
daily cleaning, with a medium percentage of population with unsatisfied
basic needs and a high proportion of dogs living at home. It is well known
that when dogs are present, the potential for household contamination
with Toxocara eggs is high. Furthermore, deficient sanitary behaviors,
climatic conditions and houses in poor neighborhoods, led to most of
these children playing in close contact with soil since early ages.

Serological and epidemiological characteristics for 7oxocara infection
was observed in the present studied population. Future studies about soil
contamination should be done to better assess the magnitude of this serious
health problem, and community education programs should be developed
to promote the social concept of a responsible pet ownership.

We can conclude from our study that human toxocariasis is a parasitic
zoonosis with a wide range of unspecific clinical characteristics that has
up to the present received little attention by the health community. Further
studies will be required to ascertain the contribution of this parasitic
disease to the overall morbidity of such populations.

RESUMO

Freqiiéncia de eosinofilia e fatores de risco e sua associa¢io
com infecciio pela Toxocara em escolares, durante estudo
epidemiolégico no norte de Lima, Peru

Durante estudo epidemioldgico em escola primdria do Distrito de
Carabayllo (norte de Lima, Peru), 200 criangas (96 do sexo masculino e
104 do feminino, entre cinco e 12 anos de idade) foram selecionadas ao
acaso e divididas em dois grupos (grupo positivo e grupo negativo) de
acordo com os resultados de teste de ELISA para Toxocara em populagio
total de 646 escolares. Todas as criangas foram analisadas por testes
hematolégicos para determinar a freqiiéncia de eosinofilia e leucocitose.
Adicionalmente, os dados clinicos e epidemioldgicos foram analisados
para determinar associagdo com toxocarfase. No grupo de criancas com
sorologia positiva 40% tinham eosinofilia em contraste com 19% de
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criancas com sorologia negativa e esta associacio foi estatisticamente.
significante (OR = 2,84, p < 0,001). De todos os sinais e sintomas
avaliados, somente tosse seca foi mais freqliente e estatisticamente
significante no grupo de sorologia positiva (OR = 2,79, p < 0,001).
Quase todos os fatores de risco avaliados foram de alta freqiiéncia
e estatisticamente associados a sorologia positiva. Em conclusio, a
presenga de eosinofilia e dos fatores de risco avaliados nesta populagao
foram frequentemente associados a toxocarfase humana.
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