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Toxocariasis is a zoonotic helminthiasis caused by the migrating larvae of Toxocara canis and T. cati, common
roundworms of dogs and cats. Our previous study in Savannakhet Province of Lao PDR showed an infection rate
of 44.1% of Toxocara spp. in dogs. Thus, we investigate if this previous high prevalence in the definitive hosts
influenced the occurrence of human toxocariasis. For that we used a 38 kDa recombinant protein derived from
T. canis larvae excretion secretion products in ELISA. Human serum samples were collected in the Lahanam area
of Savannakhet province. The population attending the study in Lahanam village were aged from 7 to 59 years
old (y/0) 65.9% (54/82) were male and 34.1% (28/82) were female. The total percentage of seropositivity to
Toxocara sp. was 30.4% (25/82). Males were more likely to test positive for toxocariasis with a risk ratio of 2.70
(CI95 0.87-4.93). No significant differences between ages were seen. However, it was possible to observe an
increase of optical density (OD) values in ELISA according to age. The awareness of the health system on the high
prevalence of seropositivity to Toxocara sp. in Savannakhet can prevent irreversible consequences as permanent
vision loss and seizures caused by this silent chronic disease revealed in the Lahanam area.

syndromes [4,6].
The direct diagnosis of human toxocariasis is done by detecting
infective Toxocara larva(e) or DNA material in biopsy samples. These

1. Introduction

Toxocara canis and Toxocara cati are common ascarids of the small

intestine of cats and dogs, with worldwide distribution. Toxocariasis has
a higher prevalence in areas where these animals are not dewormed,
roam free and/or in rural areas [1-3]. Humans are infected when
embryonated eggs are accidentally ingested and the infective larvae,
which are not able to complete the life cycle, migrate through different
organs causing visceral larva migrans or ocular larva migrans when
Toxocara larvae migrate into the eyes [4,5]. Moreover, it is suggested
that toxocariasis frequently presents itself as a syndrome comprising
chronic weakness, abdominal pain, different signs of allergy, and
hypereosinophilia and has been associated with different neurologic
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procedures are difficult to implement in the routine diagnostic activities
of health centers. The best alternatives for the diagnosis of toxocariasis
relies on immunological tests to detect excretory-secretory antigens
from T. canis larvae (TES) by immunoblotting [7-9] and commercial kits
like the ToxocaraCHEK [10]. Nevertheless, TES antigens can present
cross-reactivity with helminth infections caused by other species, jeop-
ardizing the test reliability [8,9,11,12]. A recombinant antigen based on
a 38 kDa protein of T. canis second-stage larvae (RecTcanis) was
developed, clearing the cross-reactivity problem and standing as a good
alternative for a specific diagnosis [13]. The RecTcanis was successfully
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used in different countries for diagnosing toxocariasis in suspected
clinical cases and field-surveys [14-16].

There is a lack of reported human cases of toxocariasis in Lao PDR,
despite the high prevalence of Toxocara in dogs reaching more than 40%
[3]. This is probably because of the difficulty in diagnosing this zoonosis
by clinical symptoms as well as in applying diagnostic tests for tox-
ocariasis in suspected cases. In this study, we used a highly specific
ELISA toxocariasis diagnostic test to determine the extension of the
disease in humans living in Savannakhet Province in Lao PDR.

2. Material and methods
2.1. Study area and human sampling procedures

The study was conducted in Songkhone District, Lao PDR in 2011.
The area is located in Savannakhet province and is bordering with
Mukdaham (Thailand) (Fig. 1).

All the villagers in Lahanam (Songkhone District) were invited to
join this study through a call from the health agents in the community.
All the participants granted approval to engage in this study. The par-
ticipants received a detailed explanation of the study, given in the local
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language to assure proper understanding, affirmed informed consent,
acknowledged the right to opt out the study at any time, joined the study
voluntarily, and then received instructions regarding the manner of
sample collection. Blood sampling for serological diagnosis was done by
venipuncture by local staff nurses at the district health centers from 82
villagers of Lahanam, in Songkhone District. Serum samples were
brought to the laboratories in Thailand and Japan for further processing
and analysis.

2.2. Serodiagnosis for toxocariasis

The recombinant T. canis antigen (RecTcanis) was prepared as pre-
viously described [13]. Briefly, the recombinant antigen was expressed
in a bacterial system, induced by adding isopropyl-p-D-thiogalactopyr-
anoside (IPTG) and purified by using Talon® metal affinity resin (Takara
Bio Inc. Japan). The antigen concentration was estimated using Bio-Rad
Protein Assay Kit® (Bio-Rad Laboratories, Inc. USA) and stored at —80
°C until use.

RecTcanis-ELISA was performed as previously reported [13] with
slight modifications as follows: Microplates (Maxisorp®, Nunc, Copen-
hagen) were coated with 100 pl of recombinant T. canis antigen at a
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Fig. 1. Maps showing Lao PDR, its neighboring countries, and the study
@ area. a) Map of Lao PDR and neighboring countries. Star “%” corre-
sponds to Vientiane (Capital of Lao PDR) and Hanoi (Capital of Viet-
nam). Savannakhet City (Lao PDR) and Mukdahan City (Thailand) are
indicated by big white circles“c”. b) Amplification of the hachured area
of the “a” panel, with main routes (grey lines). Mekong River (thick
black line) delineates Lao PDR/Thailand international border. Lahanam
Village is indicated as a small white circle “o”, near Banghiang River
(blue line). Adapted from “Nematode infection among ruminants in
monsoon climate (Ban-Lahanam, Lao PDR) and its role as food-borne
zoonosis”. by Sato et al. Rev. Bras Parasitol Vet. 2014;23(1):80-4. (CC
BY 4.0). (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

N to Vientiane

(o}
Mukdahan

Thailand

10 km
I




M. Sato et al.

concentration of 0.5 pg/ml in carbonate-bicarbonate coating buffer
(overnight at 4 °C), blocked with Tris-HCl/Casein buffer (BB) and
washed with PBS/Tween 20 washing buffer (WB). Serum samples
diluted 1:200 in BB, were applied (100 pl/well) in duplicates and
incubated at 37 °C for 1 h. After washing twice in WB, the plates were
incubated with 100 pl/well of recombinant protein G conjugated with
peroxidase (Invitrogen, USA) diluted 1:1000 in BB at 37 °C for 1 h. For
color development, the plates were incubated with 100 pl of peroxidase
substrate ABTS™ (Sigma-Aldrich) for 15 min at room temperature.
Optical density (OD) was determined at 405/655 nm for each well, in a
microplate reader (Immuno Mini NJ-2300, Biotec, Japan). Serum sam-
ples giving OD values at 405 nm that were greater than the 4 x OD of a
pool of 40 normal human control samples (np40) from Southeast Asian
countries, added in each tested plate, were considered to be seropositive.
One sample from a confirmed toxocariasis case was added as a positive
control for each plate.

2.3. Data analysis

Data collected in paper forms were tabulated and analyzed in Excel
2016 (Microsoft) and Epilnfo version 7.1.5.0 (Centers for Diseases
Control and Prevention, Atlanta, GA, USA). Risk predictor variables for
Toxocara seropositivity were analyzed by the Mid-p exact test at 95%
confidence interval with p-values of less than 0.05 considered as sta-
tistically significant.

2.4. Ethics

This study was approved by the National Ethical Committee for Lao
Health Research of the Ministry of Health Lao PDR under the number
172/NECHR.

3. Results and discussion

The population attending the study in Lahanam village were aged
from 7 to 59 years old (y/o) (average of 38 y/0) 65.9% (54/82) of
them were male and 34.1% (28/82) were female. The total percentage
of seropositivity to Toxocara sp. was 30.4% (25/82). The potential for
cross-reactivity in the used RecTcanis is lower than the TES, though
some degrees of cross-reaction could be seen in RecTcanis in schis-
tosomiasis japonica, paragonimiasis, gnathostomiasis, spirometriasis
[13]. Such cross-reactivity could be a confounding factor that might
inflate the estimated seroprevalence for Toxocara sp., despite that the
studied area is not endemic for schistosomiasis japonica and there are
no reports of human cases of the other cross-reacting infections in this
region.

Toxocara seroprevalence in humans has been reported from several
countries, and the recent studies are showing varied positivities from
8% to 59.9%. The disease occurs in both developed and underdevel-
oped countries. In the Netherlands, for instance, an 8.0% Toxocara
seroprevalence was reported [17], whereas in Poland, seroprevalence
in children tested for toxocariasis was 3.0% for preschool children and
7.7% for school children [18]. In the State of Sao Paulo in Brazil,
6.41% and 2.53% of seroprevalence were reported in individuals less
than 15 years old and for older subjects respectively [19]. In Iran,
7.2% of seroprevalence was reported [20]. Our seroprevalence result
of 30.4% is more related to other studies done in rural areas of under
developed countries, such as China, with 14.4 to 40.6% positivity in
children in Jilin and Shandong provinces [21], Another study of
ethnic groups in this region showed seropositivity of 14.21 to 20.58%
[22]. On the other hand, a study performed in Gabon presented 59.9%
of seropositivity [23]. Higher prevalence is related to the presence of
risk factors e.g. living in rural areas, close contact with dogs and cats’
litter, younger age, and geophagy [20]. The persistence of helminthic
NTDs in the environment and animal hosts make eradication a very
difficult task [24].
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The occurrence of visceral larva migrans by T. canis in humans is
related to the environmental contamination with eggs spread by its
definitive hosts, such as domestic dogs [4,25]. In the studied area, dogs
are mainly companion animals, but they breed as free-roaming animals
[3]. The animals have free access to kitchens, usually located at the
external area of the houses in Lahanam.

In our previous study from Lahanam, Toxocara prevalence in dogs
was 44% by fecal examination [3]. Although Toxocara eggs are easily
diagnosed in the feces of definitive hosts and effective anthelmintic
drugs are available, infection rates are high in areas where dogs are let
free to roam considering diagnosis and treatment of animals are rarely
done. The presence of infected dogs roaming free contaminates the
environment with Toxocara eggs favoring the infection and reinfection
of susceptible hosts. Humans are likely to be acquiring this zoonosis
without noticing once, up to now, there is no report of clinical tox-
ocariasis in Savannakhet.

3.1. Age and human toxocariasis by serology

No significant difference in seropositivity for gender and age were
seen (Figs. 2 and 3). However, higher OD values were observed in the
ELISA test as age increased, indicating the possibility of continual
exposure to the pathogen (Fig. 2).

Toxocara adult worms have high fecundity, and their eggs are viable
for a long time in the environment, even after sludge treatment [25,26].
The resistance of eggs causes cumulative environmental contamination.
Therefore, the environmental contamination poses higher infection risk
for humans and animals than the one suggested by the infection rate of
dogs, as observed in another study in Brazilian municipalities, where the
prevalence of T. canis was 5.54% in dogs, with 23% rates of environ-
mental contamination with eggs [27].

3.2. Gender and human toxocariasis by serology

There was a significant difference (p < 0.05) between genders on the
seropositivity for Toxocara specific antibodies with 65.9% (54/82) for
males and 34.1% (28/82) for females (Fig. 3). Males are more likely to
test positives for toxocariasis with a risk ratio of 2.70 (CI95 0.87-4.93).
Although we have not evaluated epidemiological features, the results of
this study corroborate with similar studies done in the Netherlands
where authors reported that increased anti-Toxocara IgGs in male sub-
jects presenting older age contact with soil, ownership of cats, cattle or
pigs, hay fever, low education, high income and non-Western ethnic
origin [17]. The lifestyle in the studied area is predominantly rural,
where the men usually take care of livestock, mainly goats and bovines
[28], this condition may expose more men to the contaminated envi-
ronments [24,29]. Considering the behavioral differences as posed by
Brei and Fish (2003) [30], males are more likely to be exposed to the
pathogens in the environment than females, so the reinfections could
increase the humoral response to Toxocara as we observed in the age-
increasing OD pattern.

4. Conclusions

This is the first survey on human toxocariasis in Laos and we
observed that Toxocara sp. is in active transmission in Savannakhet,
with high seroprevalence in humans which can cause permanent loss of
vision, seizures and cases of chronic weakness, abdominal pain and al-
lergy. The presence of infected definitive hosts and a favorable envi-
ronmental condition for the infection of animals and humans requires
urgent action to control the human infection especially in children. It
includes health education in order to inform the risks and the need of
collecting dogs feces from soil/public areas, improving the environ-
mental conditions to diminish the risk of contact with Toxocara eggs and
treating the pregnant bitch, puppies and dogs/cats with anthelmintics to
reduce environmental contamination. Nevertheless, awareness of the
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Fig. 2. Results of OD values by age by ELISA using recombinant antigen (RecTcanis-ELISA) for toxocariasis in Lahanam, Savannakhet, Lao-PDR.

90

80

Individual

Positive

Negative

® Female

| Male

Total

Fig. 3. Seropositivity and gender by ELISA using recombinant antigen (RecTcanis-ELISA) for toxocariasis in Lahanam, Savannakhet, Lao-PDR.

health system about the high prevalence of toxocariasis in Savannakhet
can prevent irreversible consequences caused by this silent chronic
disease revealed in Lahanam area.
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