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Aim of this study is to find the seroprevalence of specific anti - 7oxocara 1gG antibodies among
patients with inflammatory heart disease and to evaluate the significance of this parasite as a
possible etiological agent of such pathology. We performed a serological study of 41 patients with
heart disease (myocarditis, pericarditis and endocarditis) for presence of specific anti-Toxocara
IgG antibodies. We used ELISA for primary screening, and Western blot as a confirmatory
method. Presence of specific anti-Toxocara IgG antibodies in ELISA was detected in three

(7.3%) of the serum samples, and another two (4.9%) were with borderline values. These serum
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samples were further examined in Western blot and three of them (7.3%) displayed disease-
specific bands. We do not in any way claim that in these cases Toxocara infection is the cause of
inflammatory heart disease, but the data from the study shows that such a link is possible.

INTRODUCTION

Toxocariasis is a parasitic zoonotic disease caused by the
migration and presence of animal nematode larvae of the
Toxocaridae family, most often by the species Toxocara ca-
nis (Werner, 1782) and Toxocara cati (Schrank, 1788), in
human organs and tissues. The infection is acquired by in-
gestion of parasitic eggs from contaminated sources or by the
consumption of insufficiently heat-treated meat and offal of
infected animals. Reservoir hosts and sources of the disease
are mainly dogs and cats, as well as other members of the Ca-
nidae and Felidae families, in the small intestine of which the
parasites develop into sexually mature forms and emit eggs
which under suitable environmental conditions will become
embryonated and infectious. In infected humans, second
stage larvae hatch from the swallowed eggs and through hae-
matogenic route reach different organs and tissues, causing
various pathological changes with a variety of clinical symp-
toms [1]. Once in tissues, the larvae encapsulate but remain
metabolically active and secrete glycoprotein antigens that
cause tissue damage, necrosis, inflammation and eosinophilia
[2]. The pathological changes in toxocariasis are due to the
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mechanical injury by the migrating larvae, the inflammatory
response to their presence and their metabolic production [3].
The severity of the clinical manifestations depends on the
affected organ, the number of migratory larvae, the age of
the host, and severity of the induced immediate and delayed
type of hypersensitivity reactions [4]. There are two major
syndromes related to toxocariasis - Visceral Larva Migrans
(VLM) with internal organ involvement [1] and Ocular Larva
Migrans (OLM), which damages the eye [5, 6]. Visceral larva
migrans affects mostly children and manifests with fever, en-
largement of the liver and spleen, bronchospasm, eosinophil-
ia and hypergammaglobulinemia [7]. More often affected are
the liver [8], lungs [9] and CNS [10]. Migration of the Toxo-
cara larvae in the cardiac tissues were described extremely
rarely and usually were found in histological specimens of
patients with other diseases. Extensive study of data in the
literature by Kuenzli E. et al. in 2016 showed that of 134 pa-
tients with visceral toxocariasis, heart involvement was seen
in only one of them [11]. The same authors summarized the
published data on toxocariasis-related heart conditions, de-
scribing 24 cases, their clinical presentation, complications,
treatment and outcome. According to them, heart damage in
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toxocariasis most commonly occurs as myocarditis (58%),
pericarditis (25%), Loeftler endocarditis (16.7%) or a combi-
nation of these [11]. Cardiac toxocariasis is considered to be
a disease affecting all age groups, but is mostly found in chil-
dren less than five years of age [12]. Its clinical presentation
ranges from asymptomatic [13] or mild illness to a severe
life-threatening condition [11] and is a result of direct inva-
sion of larvae in the cardiac tissue resulting in granulomatous
lesions and / or hypersensitivity reactions [14]. Studies in rats
infected with 7. canis have shown that activated eosinophils
also cause damage to the heart, possibly due to their cytotoxic
products [15]. The inability to detect parasitic larvae in the
tissues and the lack of parasitic eggs significantly impedes
the diagnosis of toxocariasis. The use of biopsy materials to
diagnose the disease is the only method of accurate identi-
fication, but this procedure is invasive and carries a risk for
the patient [16]. Therefore, the main diagnostic methods are
currently immunological: ELISA based on the use of excre-
tory / secretory antigens [17] and Western blot as a confirma-
tion method [18]. As a peculiar and rare condition, cardiac
toxocariasis can be diagnosed by finding a parasitic larva or
eosinophilic granuloma in histological sections of cardiac tis-
sue, a positive serological test combined with specific cardi-
ac examinations - ECG, chest X-ray, echocardiography [11].
The lesions caused by Toxocara larvae can be identified by
other imaging techniques such as computed tomography
(CT) and magnetic resonance imaging (MRI) [19, 20].
Diagnosis of cardiac toxocariasis, however, is com-
pounded by the difficult identification of the agent, the pres-
ence of non-specific signs and symptoms that may be found
in heart diseases with different etiology, and the involvement
of other organs and systems in the body. Literature data on
the pathological changes caused by Toxocara larvae during
their cardiac migration are controversial, and there are no
data on controlled trials among such groups of patients.
Aim of our study is to find the seroprevalence of specific
anti - Toxocara 1gG antibodies among patients with inflam-
matory heart disease and to evaluate the significance of this
parasite as a possible etiological agent of such pathology.

METHOD

Study Design

This research study was conducted retrospectively from data
obtained for clinical purposes and epidemiological investiga-
tions carried out under Bulgarian legislation. All procedures
performed in this study involving human participants were
in accordance with the ethical standards of the Ethics Com-
mittee at the National Centre of Infectious and Parasitic Dis-
eases, Sofia, Bulgaria (NCIPD), institutional review board
(IRB) 00006384, and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards.

Serum Samples

Serum samples of patients with cardiovascular disease
(n = 41) were provided to us by the Virology Department
at the National Centre of Infectious and Parasitic Diseases

(NCIPD), where they were previously tested for cardiotropic
viruses (n = 21) in the National Reference Laboratory (NRL)
“Measles, mumps and rubella” [21] and for Q fever (n = 20)
in the NRL “Rickettsiae and Cell Cultures” [22]. They were
from patients with myocarditis (n = 8), pericarditis (n = 14),
endocarditis (n = 16), cardiomyopathy (n = 1) and valvular
prostheses (n =2). The serum samples were obtained through
the period 2013-2015 and were sent for diagnostic tests by
different cardiac hospitals in the country. The serum samples
were obtained by standard procedure and frozen at - 20 °C
until testing.

Sampling Procedures

Enzyme-linked immunosorbent assay (ELISA) to detect an-
ti-Toxocara 1gG antibodies, commercial kit (R-biopharm)
performed according to the manufacturer’s recommenda-
tions (positive - SR > 1.1; borderline between 0.9 - 1.1; neg-
ative - SR <0.9).

Western blot (WB), commercial kit (LDBIO) performed
according to the manufacturer’s instructions. WB was used
as confirmatory method when positive and borderline results
were obtained in ELISA.

Statistics and Data Analysis

Used was SPSS Version 20 statistical package (Descriptive
statistics: frequencies, mean, Chi-square test). P < 0.05 were
considered statistically significant.

RESULTS AND DISCUSSION

Results

The studied sera samples were from 1 to 84 year old patients
(mean 45 + 21 years), 8 of them children, 33 adults; 21 males
and 20 females (Table 1).

According to the initial diagnosis, 19% of them were
with myocarditis, 33.3% with pericarditis, 38.1% with
endocarditis and 7.1% with another diagnosis (cardio-
myopathy and prosthetic valve replacement). Presence of
specific anti-Toxocara 1gG antibodies in ELISA was found
in three of the serum samples (7.3%) and in another two
(4.9%) the results were with borderline values. Negative
for presence of specific anti-Toxocara 1gG antibodies in
ELISA were 36 (87.8%) of the serum samples. The mean
value of the positivity index (SR) obtained in the ELISA
for the three positive samples was 2.75 + 1.06 (min = 2.08,
max = 3.98, range 1.90), and for both borderline samples
0.98 + 0.06 (min = 0.94; max = 1.02; range 0.08). With
positive result in ELISA were two of 21 (9.5%) male pa-
tients, and one of 20 (5%) female patients. In two female
patients (10%) the ELISA test was with borderline values.
There was no statistically significant relationship between
the sex of the patients and their toxocariasis seropositivity
in ELISA (p = 0.298).

Out of eight tested children and adolescents only one
(12.5%) was with presence of anti-7oxocara antibodies, and
from 33 patients over the age of 18 two (6.1%) were positive
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Table 1. The results of ELISA test distributed by gender, age and clinical diagnosis among patients with heart disease.

ELISA ELISA ELISA p-value
(positive) (borderline) (negative)
Gender
- male 2 (9.5%) 0 (0%) 19 (91%) 0.298
- female 1 (5%) 2 (10%) 17 (85%)
Age group
- 0-18 1 (12.5%) 0 (0%) 7 (87.5%) 0.654
- >18 2 (6.1%) 2 (6.1%) 29 (87.9%)
Clinical diagnosis
- miocarditis 1 (12.5%) 0 (0%) 7 (87.5%)
- pericarditis 1 (12.5%) 1(7.1%) 12 (85.7%) 0.969
- endocarditis 1 (12.5%) 1(7.1%) 14 (87.5%)

in ELISA and two (6.1%) were with borderline values
(Table 2). No statistically significant differences (p = 0.65)
were found between the age of the patients and the results
obtained in ELISA.

According to the initial diagnosis, presence of specific
anti-Joxocara antibodies was found in one patient with myo-
carditis (12.5% of those diagnosed with this diagnosis), one
with pericarditis (7.1%) and one with endocarditis (6.2%).
The two borderline results are of a patient with pericarditis
and a patient with endocarditis. There was no statistically
significant relationship between the seroprevalence for toxo-
cariasis in ELISA and the initial diagnosis (p = 0.97). The se-
rum samples of patients with positive and borderline results
in ELISA were also tested in WB for confirmation. We found
presence of specific bands characteristic of toxocariasis in
three of them (7.3%) — a 57 years old woman with pericar-
ditis, 84 years old man with pericarditis and 53 years old
woman with endocarditis (Figure 1, Table 2).

Discussion

Inflammatory diseases of the heart are associated with var-
ious infectious agents [23], viruses [24], rickettsia [25] and
bacteria [26]. There is evidence that some protozoa and hel-
minths can also cause heart damage resulting either from
generalized disease (African trypanosomiasis) or from direct
effect of the parasite on various cardiac structures (myocar-
dium, pericardium, endocardium or heart vessels). Latent
parasitic infections can also be reactivated and manifested as
systemic heart disease, which most often is seen in immuno-
suppressed individuals [27]. It has been found that the larvae
of Toxocara spp. can affect the heart during their migration
trough the human body [13, 14, 28]. There have been cases
of myocarditis, pericarditis or Loeffler’s endocarditis, with
myocarditis being a more common clinical manifestation.
The disease may be asymptomatic [13] or severe, with acute
heart failure or cardiac tamponade [29]. Clinical manifesta-
tions are expressed with chest pain, dyspnea and hypotension,
which also are often seen in heart failure, and are completely
unspecific [11]. Toxocara larvae are usually found randomly
at autopsy or histological samples of patients who died or
who had undergone surgery for other diseases [30]. Main

Table 2. Seroprevalence of toxocariasis among patients
with heart disease by ELISA and Western blot.

Ne  Gender Age Diagnosis ELISA(SR) WB

1 female 57 pericarditis 1.02 (+)

2 male 84 pericarditis 2.08 (+)

3. male 10 myocarditis 2.2 )

4 female 64 endocarditis 0.94 -)

5 female 53 endocarditis 3.98 (+)
© © ] & =
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Figure 1. Results in WB of serum samples with positive and
borderline results in ELISA (no 15 — positive control, no 18, 20,
22 display disease-specific bands)

indicator that may point to a specific parasitological diagno-
sis is the presence of eosinophilia, but there is still no single
opinion on its occurrence in such patients, and eosinophilic
cell levels do not always correlate with the severity of heart
involvement [11]. The diagnosis can be made by finding
larvae or granulomas formed by them in biopsy specimens
obtained from affected heart tissues [13]. Due to the fact that
such test samples usually are not available, basic diagnostic
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methods are the serologic tests for detection of specific IgG
antibodies against Toxocara antigens.

Our study has data for 7.3% seroprevalence among sub-
jects with inflammatory heart diseases in ELISA, and a sim-
ilar result (7.3%) in WB. Two of the cases confirmed by WB
were patients with pericarditis and one with endocarditis.
Toxocariasis is a disease affecting mostly children [1, 7] and
there are data that toxocariasis related myocarditis more of-
ten is observed among them [12], but in the examined by us
group with positive results in ELISA were mostly adult pa-
tients. Although there is a statistically significant correlation
between the diagnosis and seropositivity, only those over the
age of 18 were positive in the confirmatory WB test. In the
literature, T canis is described as a causative agent of myo-
carditis [13, 14, 28, 30], but our study did not find presence
of anti-Toxocara 1gG antibodies in any of the patients with
myocarditis.

In a previous study of 50 clinically healthy subjects
(32 men and 18 women), we found 6% (n = 3) seropreva-
lence for toxocariasis in ELISA and 4% (n = 2) in WB [31].
Comparison among the group of the patients with inflamma-
tory heart disease and the group of clinically healthy blood
donors showed relatively higher prevalence of specific an-
ti-Toxocara antibodies in the first group (7.3% versus 6%
in ELISA and 7.3% vs. 4% in WB), but the positive serol-
ogy is not sufficient to provide a definitive diagnosis and
the statistical comparison showed no significant difference
(2X2 contingency table, Fisher’s exact test, p=0.654). One
reason is that specific antibodies are retained in the body
for years [32] and determination of their levels is not in-
dicative for the stage of disease and the effect of treatment.
Consequently, a positive result from toxocariasis serology
detecting specific IgG may be fortuitously associated with
any pathological condition. This situation is not specific to
toxocariasis and can be observed with other infections dis-
playing a similar global seroprevalence, such as toxoplasmo-
sis or hepatitis A. For this kind of protozoal or viral (and also
bacterial) infections, discrimination between the presence of
residual antibodies without any diagnostic importance and a
positive serology result due to an active, current disease has
been achieved by the detection of specific I[gM antibodies,
and more recently, by molecular methods. Unfortunately,
none of them applies to toxocariasis, so a diagnosis of active
toxocaral disease relies upon circumstantial evidences that
are primarily the presence of blood eosinophilia and, at a
lesser degree, an increase of total serum IgE.

Detailed information on the interpretation of serolog-
ical results in cardiac toxocariasis is still lacking. Careful
evaluation is needed, taking into account clinical signs, eo-
sinophil levels and possible cross-reactions with other para-
sites. Diagnosis of the disease should exclude noninfectious
causes, various infectious agents or other parasites [23, 27].
Myocarditis caused by Toxocara spp. cannot be distinguished
from that caused by other etiological agents and toxocariasis
may be a co-infection that is not responsible for the cardi-
ac manifestations. According to Kuenzli, et al. (2016), for
diagnosing the disease, the patient needs to meet at least 2
out of 3 criteria - a positive serologic test, an increase in the

specific antibody titers during or after treatment, or eosino-
philia (> 500/ul). Our serologic tests found low levels of spe-
cific anti-Toxocara 1gG antibodies in ELISA in patients with
inflammatory heart disease, which required serum samples
to be further investigated by a confirmatory method. Western
blot is a recommended confirmatory serologic method for
diagnosis of toxocariasis and should be administered to pa-
tients with positive or borderline results in ELISA [18, 33].

CONCLUSUION

Our study is a pilot on a relatively small number of sera from
patients with inflammatory heart disease in whom no viral
etiology of the condition was detected and retrospectively
examined for the presence of anti - Toxocara specific an-
tibodies, with a view to establishing a possible association
between visceral toxocariasis and involvement of the heart.
We do not in any way claim that in these cases toxocara in-
fection is the cause of inflammatory heart disease, because
we do not have convincing evidence that the patients studied
have a current infection, but the data from the study shows
that such a link is possible. The exact etiological diagnosis of
inflammatory heart disease in many cases may be crucial for
the final outcome of the disease. For this reason, the differen-
tial diagnosis should include all possible pathogens - poten-
tial causative agents, including rarely diagnosed ones such
as Toxocara spp.
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