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Aceepred 09 Aug 2024 Background: We aimed to develop a sandwich ELISA, using polyclonal
antibodies against excretory/secretory (E/S) antigens specific to copro-
antigens present in Toxocara canis-positive dogs.

Keywords: Methods: Antibodies were produced at Biological Sciences School, Au-
Helminthology; tonomous University of Nuevo Ledn, México in 2023 by immunization
Toxocara canis; of rabbits with antigenic extracts from in vitro cultures of T. canis larvae.
Excreted-secreted antigens; | Assays were performed on 100 stool samples from pet dogs, measuring
Immunodiagnostics; sensitivity, specificity, and cross-reactivity against other parasitic infec-
Toxocariasis tions.

Results: High values of sensitivity (100%), specificity (90.9%), and posi-
tive (93.47%) and negative (95.45%) predictive values were obtained,
respectively. We obtained an E/S protein with a molecular weight of 70
kDa, which showed high sensitivity and specificity by ELISA, but it pre-
sented cross-reactivity against Ancylostoma caninum and Strongyloides ster-
coralis.

Conclusion: Additional studies are necessary to increase the specificity
percentage since this assay demonstrated significant potential as a useful
and inexpensive diagnostic tool for immunodiagnostic in dog feces.
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Introduction

oxocariasis is an important zoonotic
Thelminthiasis caused by the round-
worm  Toxocara spp., particularly T.
canis in dogs, but T. cati may also infect cats (1).
Despite the global distribution of T. canis in
the Americas, Africa, and Asian counttries, re-
ports of T. canis infection in Mexico are rare (2,
3).

Commonly observed disease signs include
visceral (VLM) and ocular (OML) larva mi-
grans, neurotoxocariasis, and hidden or covert
toxocariasis (4, 5). Ingestion of infective Toxo-
cara eggs, which are found in canid and felid
feces, is the main route of human infection.

Traditional diagnosis of toxocariasis involves
the detection of eggs in fecal samples of the
definitive host or larvae in tissue biopsies in
paratenic hosts, including humans, by micros-
copy, which is time-consuming and requires
highly trained personnel (6). ELISA and
Western blot are two types of tests available
for the immunodiagnosis of Toxocara infection,
using Toxocariasis-secreted (ES) antigens (7).
However, it shows cross-reactivity against
other helminths (8).

Application of recombinant antigens for the
detection of toxocariasis in various animal
species has demonstrated higher sensitivity
and specificity, compared with native E/S an-
tigens. Recombinant antigens for serodiagno-
sis involved the tests TES-30 (8) and TES-120
(1), but an increased number of such tests are
required for validation (9). We aimed to evalu-
ate a 70 kDa excreted/secreted coproantigen
from T. canis for in vitro diagnosis of animal
toxocariasis.

Materials and Methods

Sample collection

Collection of dog feces samples was per-
formed under the informed consent of the
owners from suburban (Cities of Allende,
Montemorelos, and Linares, México between
2023 and 2024) and urban municipalities (Cit-
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ies of Apodaca, San Nicolas de los Garza,
General Escobedo, Monterrey, Guadalupe,
San Pedro Garza Garcia, Santa Catarina, Gar-
cia, and Juarez, located in the northeastern
state of Nuevo Ledn, México (25°40'30.3" N
100°19.108' W) and preserved in neutral buff-
ered formalin. They were then transported to
the laboratory for analysis.

This study was approved by the Animals
Experimentation Ethics Committee of the

Autonomous University of Nuevo Leodn,
México, with the number CEIBA-2022-002.

Parasitological study as gold standard

Samples were examined by optical micros-
copy (OM), as the gold standard (10), and by
the technique of centrifugation and flotation
with zinc sulphate (11).

Adults T. canis collection

Naturally infected canids were dewormed
with 15 mg/kg pyrantel pamoate to obtain
adult specimens of T. canis. Once worms were
released, they were washed with physiological
saline to eliminate residual fecal material and
further identified by visualizing their morpho-
logic characteristics (12).

In vitro spawning of adult specimens

Female adult worms were selected and washed in
0.85% saline solution, followed by a solution of 1%
penicillin (10,000 U; Thermo Fisher Scientific, San
Nicolas de los Garza, Nuevo Leon, México), 10 mg
of streptomycin (Thermo Fisher Scientific, México),
and 25 pg/ml amphoteticin B (Sigma-Aldrich, St.
Louis, MO, USA). Spawning was induced by hys-
terectomy. Released eggs were aseptically collected
and incubated at 28 °C for 45 d. The development
of the embryonation of 12/1.3 larvae was daily
monitored by OM at 10 X and 40 X (12, 13).

In vitro hatching and maintenance of the lar-
val phase

Larvae were obtained as reported by Zibaei
et al. (14) with some modifications. In brief,
embryonated eggs were washed with sterile
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phosphate-buffered saline (PBS) and centri-
fuged at 3000 rpm for five minutes. Hatching
was stimulated with 5% sodium hypochlorite
solution for two hours with stirring at 50 rpm,
after which larvae were washed twice with
sterile PBS and centrifuged at 3000 rpm and
4 °C for five minutes. Supernatant fluids were
discarded and larvae were rinsed with RPMI-
1640 medium, and incubated at 28 °C in 10
mL of RPMI-1640 medium with antibiotics
solution plus 1% glucose (14, 15).

Antigenic extract

To obtain E/S antigens, we weekly collected
seven milliliters of culture medium, which was
replaced with 10 mL of fresh culture medium,
filtered through a 22 pm-pore size nitrocellu-
lose membrane (Millipore, Watford, UK), dia-
lyzed with a 200,000 Da molecular weight cut-
off membrane against 50 volumes of dH,O
for 24 h, and frozen at -40 °C, until lyophi-
lized (12,13).

Protein concentration

The protein concentration of the E/S anti-
gen and the polyclonal ant-E/S antibodies
was determined by Bradford’s method (16).

Polyclonal antibodies (pAbs) production

Two-month-old New Zealand rabbits were
intramusculatly injected with two milligrams
of the E/S antigen mixed with Freund's com-
plete adjuvant (1:1; Sigma-Aldrich), following
an administration of two booster doses of 0.5
mg of the antigenic extract, emulsified in an
equal volume of incomplete Freund's adjuvant,
seven days apart (17). Rabbits were bled 10 d
after each booster, and serum was collected
and kept at -30 °C. The sodium periodate
method was used to conjugate anti-E/S IgG
antibodies with horseradish peroxidase (HRP;
Sigma-Aldrich) (17-19).

SDS-PAGE

The E/S extract protein profile was detet-
mined by sodium dodecyl sulfate-12.5% poly-
acrylamide gel electrophoresis (SDS-PAGE),
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under reducing conditions (20), with 1 M Tris-
HCL (pH = 6.8), 20% glycerol, 2% SDS, 0.5%
bromophenol blue, 12.5 mM EDTA, 5 mM
dithiothreitol, and 5% 2-B-mercaptoethanol,
run for one hour at 100 V, and stained with
Coomassie blue R-250 overnight to visualize

bands (21).

Western blotting (WB)

The E/S antigen separated by SDS-PAGE
was then transferred to a nitrocellulose (NC)
membrane, after which each lane was cut into
strips and blocked with PBS-5% skim milk,
followed by incubation with rabbit serum (di-
luted 1:100 in PBS-5% skimmed milk solu-
tion) at 4 °C overnight and the addition of
secondary HRP-conjugated polyclonal anti-
rabbit IgG antibodies. The blot was revealed
with AP-1X and NBT-BCIP (Bochringer
Mannheim Corp., Germany) (13).

Standardization of the copro-ELISA

Determination of the optimal concentration
of the antigenic extract was evaluated at 1, 2, 4,
and 6 pg/mlL, using 1:1000 to 1:128000 dilu-
tions of native anti-E/S IgG polyclonal anti-
bodies. A batch of antibodies purified by af-
finity chromatography, in a HiTrapTM Pro-
tein G packed column (Cytiva, Sweden AB),
was used as the developing antibodies. Protein
concentration was quantified by Bradford’s
method and antibodies were conjugated with
peroxidase (Sigma-Aldrich) and diluted 1:4000
(17). Criteria used were the following: none,
little, moderate, and high discrimination be-
tween samples.

Copro-ELISA

Sandwich ELISA used in this study was
based on the capture and detection of T. canis
antigens in stool samples, as previously re-
ported (22). Microplate (Immulon 4HBX;
Thermo Fisher Scientific, Waltham, MA,
USA) wells were coated with 0.8 pug/mL of
anti-E/S polyclonal IgG antibodies in cat-
bonate/bicarbonate buffer (0.05 M at pH 9.06)
and incubated at 4 °C for 24 h, after which
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they were washed five times with 200 pLL of
150 mM PBS supplemented with 0.05% (v/v)
Tween 20 (Sigma-Aldrich). Blocking was per-
formed with 200 L of 5% skim milk (Becton
Dickinson, Franklin Lake, NJ, USA) in PBS-
0.3% Tween for one hour at room tempera-
ture. A 50 pL fecal sample was placed in each
well and incubated for one hour. Detection
was developed using 0.9 ug/mL anti-E/S pol-
yclonal IgG antibodies conjugated with perox-
idase and incubating for one hour, followed
by incubation for 20 min with substrate (100
ul. of the 2,2"-azino-bis (3-
ethylbenzthiazoline-6-sulphonic acid; Sigma-
Aldrich) mixed in citrate buffer pH 7.0. Next,
optical densities (OD) were read at 450 nm in
an Asys UVM 340 ELISA reader (Biochrome
Ltd., Cambridge, UK) (19, 22).

Controls

Ancylostoma caninum, Dipylidinm caninum, Stron-
Qyloides  stercoralis, Trichuris vulpis, and Giardia
lamblia were used to evaluate the sensitivity
and specificity of the native anti- E/S antibod-
ies from the Copro-ELISA-E/S. In addition,
T. canis-positive feces were donated by the
Parasitology Laboratory in Veterinary Medi-
cine and Zootechnics School at Autonomous
University of Nuevo Leén, México (FMVZ-
UANL).

Statistics

The cut-off point was determined from the
positive and negative controls, using the for-
mula X + 3 SD, and the diagnostic indices of

sensitivity (S), specificity (E), and negative,
(NPV) and positive (PPV) predictive values of
the E/S-native ELISA test. A chi-squate test
(X?) was used to determine significant differ-
ences (P < 0.05) between the ES-native ELI-
SA and the coprological technique, as the gold
standard. All statistical analyzes were pro-
cessed in the SPSS ver.2l program (IBM
Corp., Armonk, NY, USA).

Results

Stool samples

We analyzed 100 stool samples, including 70
positives, of which 46 (66%) presented eggs
and 24 (34%) adults, and 30 negative samples.

Identification of T. canis eggs and adults

Worms’ length ranged from 4 cm to 12 cm,
possessed whitish colors and a ringed cuticle,
and the cephalic region had two lateral cuticu-
lar extensions. Specimens were sexed based on
males and females’ distinct morphology. In
this regard, females measured up to 12 cm in
length, whereas males were not larger than
five centimeters. In addition, females had a
blunt and slightly thinner tip-type termination
at their caudal end and males had a spicule at
the caudal end. The distinctive morphological
characteristics of this genus and the structural
differentiation between male and female spec-
imens allowed the identification of the recov-
ered specimens as 1. canis (Fig. 1).

Fig. 1: A) Male and female specimens of Toxocara canis collected from canid feces. B) Cephalic part of an adult
specimen, showing cervical wings (arrows) (Original picture)
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Larvae culture and hatching
Eggs that were extracted after 30 d showed which 70% developed the 1.2/1.3 larval phase
up to 80% embryonation in each batch, of (Fig. 2).

Fig. 2: A) Eggs obtained in vitro at different stages of development. White arrows indicate embryonated eggs
with 14 to 16 blastometes; green arrow shows an embryonated egg in the morula phase; red arrow shows a
non-fertile egg; and black arrows shows eggs with at the second larval stage (L2). B) T. canis second-third ju-

venile stage (L2/L3) (Original pictute)

Antigen extract and protein profile

We obtained three batches containing 1.4, of T. canis larvae showed a molecular weight
1.7, and 2 mg/mlL antigen respectively, in a band of 70 kDa by SDS-PAGE, which was
final volume of 80 mL. E/S antigen dialysates confirmed by WB (Figs. 3 and 4).

Mw 1 2 3 4 5 6

~260
~140
~100

Fig. 3: Electrophoresis of different fractions obtained from the 1.2 larval culture of T. canis. MW, molecular
weight markers; lanes 1 to 6 show larval culture fractions obtained on weeks 1 through 6

MW

~140 =
~116 =

~T0 -

Fig. 4: Western blot of three different batches of the antigens extract obtained from the culture of the sec-
ond-larval stage of T. canis, using rabbit anti-ES IgG antibodies. MW, Molecular weight markers; lanes 1 to 3
show T. canis TES antigen preparation
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Copro-ELISA technique

The optimal concentration of the TES anti-
gen was 1 ug/mL for the capture antibodies
and the optimal dilution evaluated was 1:8000,
whereas for the conjugated antibodies, opti-

mal dilution was 1:4000. These concentrations
presented the highest difference between posi-
tive and negative controls (Table 1).

Table 1: Discrimination between positive and negative samples from 1. canis and other parasitic infections.

AntiTES-Ig Positive samples Negative samples Samples from other parasites
1:1000 - + +

1:2000 + - ++

1:4000 ++2 - +

1:8000 ++b - -

1:16000 +++ - -

» Conjugated polyclonal antibodies b Capture polyclonal antibodies. -, No discrimination between
samples; +, limited discrimination between samples; ++, moderate discrimination between samples;

and +++, high discrimination between samples

Once the optimal conditions were obtained,
the cut-off value was determined at an OD =
0.206. Results of the OM of 100 samples
showed 40 positive samples for T. canis, 30 for
other parasites (five of Trichuris vulpis, seven of
Dipylidium caninum, seven of Ancylostoma cani-
num, four of Strongyloides spp., and seven of
Giardia spp.), and 30 negative samples (Fig. 5).
The 40 positive samples analyzed showed re-
activity in the Copro-ELISA over the cut-off
value, thus a sensitivity of 100% was obtained.
Cross-reactivity was observed in three samples

1.4

1.2
1

.0

o.8

0D 595 1m

o.6

o.a

(false positives) out of the 30 samples positive
for other parasitic infections, obtaining a spec-
ificity of 90.9%. Samples that presented cross-
reactivity were positive for A. caninum and S.
stercoralis. We did not show reactivity in the 30
negative samples. The negative and positive
predictive values were respectively 95.45%
and 93.47%. Since all positive samples showed
an OD over the cut-off value, only four sam-
ples produced uncertain values, which were
considered false positive results.

- C

- - -

0.2

Aa,L, aa.

ALsiasa

a a a a
Aada s tant 24 a2 2 AL Aa A agg

0.0

7 © 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61

Samples

Fig. 5: Detection of T. canis in dogs by the ELISA technique. The cut-off value was established at an OD =

0.206, which cotresponds to 1 pg/mL of the parasite extract. OD values were obtained at 595 nm (n = 100).

Negative samples are shown below the cut line in the shaded area (triangles) and positive samples are shown

as circles. Controls (C+ and C-) are shown as squares and only three cases with cross-reactivity (diamonds) to
anti- native E/S antibodies are observed; two of them cortesponded to A. caninum and S. stercoralis
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The contingency table showed X* = 000004,
df =1, and P < 0.05. Therefore, the propor-
tion of samples positive to the combined posi-

tive score (CPS) is different from the samples
that were positive to the ELISA developed in
the present study (Table 2).

Table 2: Contingency table between the techniques used and results of the

detection of T. canis in dog stool samples

Results Techniques
ELISA OM Total
Positive 37 21 58
(63.8%) (36.2 %)
. 6 36 42
Negative (143 %) (85.7 %)
Total 43 57 100

X2=10.000004; P < 0.05

Discussion

Toxocariasis is a zoonotic parasitosis with a
worldwide distribution, which is underdiag-
nosed due to its non-specific signs of disease.
It is considered one of the five neglected para-
sitic diseases (22). This reason prompted the
development of our improved Copro-ELISA
test for stool samples, focusing on standardiz-
ing an immunological, rapid, and sensitive
technique for the diagnosis of this parasite.

We showed that the prevalence of infected
dogs in Nuevo Ledén was higher than expected
(70%), as compared with a previous report
from the Mexican city Puerto Escondido, Oa-
xaca (47.78% positive dogs) and similar to that
reported in Tulancingo, Hidalgo (71.11%
positive dogs) (23,24). One of the main prob-
lems of epidemiology in Mexico is the un-
known prevalence of this disease in most
states, including Nuevo Leén (23, 24).

The traditional diagnosis of toxocariasis in
dogs is determined by examination of feces
and the observation of eggs or adult worms,
although the results are sometimes unsatisfac-
tory and in the case of human infection, it may
misdiagnose patients if trained personnel is
not available. Due to the problems in diagno-
sis, the use of serological methods such as
ELISA has been replaced (25).

A limited number of Copro-ELISA tests
based on the detection of E/S antigens have
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been developed for T. canis, which have shown
distinct sensitivities and specificities. Our pre-
sent results demonstrated higher sensitivity
and faster results for its detection compared to
the classic deworming method with arecoline
(26). A commercial and expensive ELISA kit
for diagnosis in dogs is currently available
(US$ 572.75/96 tests;
https:/ /www.abbexa.com/dog-toxocara-
canis-igg-elisa-kit). Hence the importance of
the improved Copro-ELISA test developed in
the present study, which may be considered an
effective alternative for diagnosis. Its main
characteristic is the use of specific anti-native
ES antibodies that facilitate professionals to
provide a timely diagnosis and obtain a reliable
epidemiological profile as a short-term goal of
this disease.

The strategy for standardization of our
technique consisted of obtaining the E/S anti-
gen from T. canis by a modified method
(12,27). We first administered two doses of
pyrantel pamoate for a complete deworming
since a single dose is not effective probably
due to the amount of dewormer administered
or the degree of parasitosis of the infected an-
imal. Implementing a deworming schedule
was necessary to avoid euthanasia, as previ-
ously reported (12, 20). We then included a
step to improve the percentage of eggs that
were obtained in the embryonic phase, which
was the highest (up to 70% in 45 d) in a short-
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er period than that reported in previous stud-
ies. In addition, we obtained 80 mL of super-
natant fluid from the larval culture, which re-
sulted in a better efficiency but in a shorter
period (12), as compared with other research-
ers, who obtained 200 mL because they kept
larva cultures for six months. Furthermore, we
lyophilized the antigens extract and dialyzed it
for purification, which improved the detection
level of the Copro-ELISA, unlike other pro-
cedures where the extract was not purified. In
this regard, we produced antigen concentra-
tions of 1.4, 1.7, and 2 mg/mL in three differ-
ent batches (10, 26, 29).

In the present study, we demonstrated a dis-
tinct 70 kDa coproantigen. It may be related
to C-type lectins, which are the most abundant
components in the secretion products of T.
canis and have homology to TES-32/TES-70
and mammalian proteins, as well as CD23 and
the mannose receptor in macrophages. Gly-
cans play a key role in modulating the immune
response, in addition to having the potential
to interfere with Toll-like receptor (TLR) and
C-type lectin receptor activation in dendritic
cells, thus evading the immune response (28).

A series of proteins considered to be of low
molecular weight (24 kDa to 70 kDa) have
been reported in previous studies and pro-
posed as candidates for the diagnosis of toxo-
cariasis, since they are highly specific to 1. ca-
nis and present low or no reactivity against
other helminths. However, proteins between
55 kDa and 66 kDa have shown cross-
reactions with Ascaris lumbricoides. Some au-
thors recommended developing research
aimed at increasing the detection level of these
antigens to improve the specificity and sensi-
tivity of the ELISA technique and avoid cross-
reactions with other helminths (7, 18, 29).

According to our results in the standardiza-
tion of the Copro-ELISA, it is recommended
to use at least 1 pg/mL of E/S antigen to be
detected by polyclonal antibodies, unlike other
studies that reported concentrations between
2 pg/mL to 50 pg/mL. We also suggested a
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1:8000 dilution as capture antibodies and
1:4000 for conjugated antibodies, unlike other
researchers that used antibody dilutions from
1:100 to 1:24,000. Although the dilutions are
higher, the number of diluted antibodies nec-
essary to perform the technique is still small
(12, 13).

Our developed Copro-ELISA improved the
optimal sensitivity up to 100%, which was
higher than that previously reported by others
(12, 13), although the specificity was 90.9%,
which was lower than a previous study (30).
Copro-ELISAs have been also used for the
diagnosis of other helminthiases, such as the
one caused by Edbinococens granulosus (10).
However, in the present study, we developed
one of the first Copro-ELISA based on native
anti-TES antibodies implemented for the di-
agnosis of the T. canis nematode in canids.

In addition, we observed three false positive
samples. However, cross-reactions have been
reported against other helminths such as 4.
Ilumbricoides and in our study we showed cross-
reactions with A. caninum and S. stercoralis. The
parasite load and the time post-infection with
T. canis may influence the results of the test,
due to the number of parasites that are pre-
sent and their low protein concentration.
Therefore, we recommend developing a com-
prehensive post-infection study (31).

Conclusion

The present study reported one of the first
Copro-ELISA for the detection of polyclonal
anti-native E/S antibodies to T. canis. Our test
showed 100% sensitivity and 90.9% specificity,
as compared with the ELISA designed for the
detection of human toxocariasis. Additional
studies should then be aimed to inctrease the
specificity percentage. However, our test re-
sulted in an effective and inexpensive diagnos-
tic tool for immunodiagnosis of toxocariasis in
dog feces.

425



Iran J Parasitol: Vol. 19, No. 4, Oct-Dec 2024, pp.418-427

Acknowledgements

This study was funded by the National
Council of Humanities, Science, and Technol-
ogy (CONAHCYT) through grant number
859822 to A.C.G.-M to pursue Doctoral stud-
ies in Biological Sciences School at Autono-
mous University of Nuevo Le6n, México. The
funders had no role in the study design, data
collection and analysis, decision to publish, or
preparation of the manuscript. The findings
and conclusions of this study are those of the
authors and do not necessarily represent the
views of the funders.

We are very grateful for the support of the
Laboratory of Molecular and Experimental
Pathology in Biological Sciences School at Au-
tonomous University of Nuevo Ledn, México.

Conflict of Interest

The authors declare that there is no conflict
of interest.

References

1. Mohamad S, Azmi NC, Noordin R.
Development and evaluation of a sensitive
and specific assay for the diagnosis of
human toxocariasis using three recombinant
antigens (TES-26, TES-30USM and TES-
120). J Clin Microbiol. 2009;47(6):1712 —
1717.

2. Apt BW. Most frequent parasite infections
and their management. Rev Med Clin
Condes. 2014;25(3):485 —528.

3. Yamasaki H, Araki K, Lim PK, et al
Development of a  highly specific
recombinant second-stage larval excretory-
secretory antigen from Toxocara canis for the
immunodiagnosis of human toxocariasis. ]
Clin Microbiol. 2000;38(4):1409-1413.

4, Naderbandi M, Zibaei M, Haniloo A, et al.
Larva  migrans  in BALB/c mice
experimentally infected with Toxocara cati
ensured by PCR assay. BMC Vet Res.
2022;18:257.

426

10.

11.

12.

13.

14.

Duran ML, Garcia LG, Menchén DA, et al.
Parasitosis with dermatological manifestati-
ons.  Medicine-Accredited  Continuing
Medical Education Program.
2022;13(59):3493-3503.

Olave AM, Mesa JA, Botero JH, et al
Production and evaluation of the Toxocara
canis recombinant antigen TES-30 for the
immunodiagnosis of toxocariasis.
Biomedica. 2016;36(1):39-51.

Zibaei M, Sadjjadi SM, Sarkari B, Uga S.
Evaluation of Toxocara cati excretory-
secretory larval antigens in serodiagnosis of
human toxocariasis. | Clin Lab Anal. 2016;
30(3): 248-53.

Dolz G, Guzman GN, Bermudez FR, et al.
Detection of anti-Toxocara spp antibodies in
canines from a peri-urban community in the
province of Heredia, Costa Rica. Ciencias
Veterinarias. 2020; 38(1):28-42.

Durant JF, Irenge LM, Fogt WR, et al.
Duplex quantitative real-time PCR assay for
the detection and discrimination of Toxocara
canis  and  Toxocara cari  (Nematoda,
Ascaridoidea) eggs in soil and feces samples.
Parasit Vectors. 2012:5:288.

Ezema KU, Malgwi SA, Zango MK, et al.
Gastrointestinal parasites of dogs (Canis
Sfamiliaris) in  Maiduguri, Borno State,
Northeastern Nigeria: Risk factors and
zoonotic implications for human health.
Vet World. 2019;12(7):1150-1153.

Nieves A, Ortega B, Martinez M, et al.
Standardization of ELISA technique for the
immunological ~ diagnosis of  human
toxocariasis. Bol Malariol Salud Ambient.
2012;52(1):21-32.

Jin'Y, Shen C, Huh §, et al. Serodiagnosis of
toxocariasis by ELISA using crude antigen
of Toxocara canis larvae. Korean | Parasitol.
2013;51(4):433-439.

De Savigny DH. In vitro maintenance of
Toxocara canis larvae and a simple method to
produce Toxocara ES antigen for use in
serodiagnostic  tests for visceral larva
migrans. | Parasitol. 1975;61(4):781-782.
Zibaei M, Uga S. Modified method to
enhanced recovery of Toxocara cati larvae for
the purposes of diagnostic and therapeutic.
Exp Parasitol. 2016; 169:107-110.

Available at: http://ijpa.tums.ac.ir




15.

16.

17.

18.

19.

20.

21.

22.

Gonzalez-Morales et al.: Evaluation of a 70 kDa Excreted/Secreted Coproantigen ...

Bradford M. A rapid and sensitive method
for the quantitation of microgram quantities
of protein utilizing the principle of protein-
dye binding. Anal Biochem. 1976; 72:248-
254.

Jara LM, Rodriguez M, Altamirano F, et al.
Development and validation of a copro-
enzyme-linked  immunosorbent  assay
sandwich for detection of Echinococens
granulosus-soluble membrane antigens in
dogs. Am ] Trop Med Hyg. 2019;100(2):
330-335.

Elsemore DA, Geng J, Cote ], et al
Enzyme-linked immunosorbent assays for
coproantigen  detection of  _Angylostoma
caninum and  Toxocara canis in dogs and
Toxocara cati in cats. | Vet Diagn Invest.
2017;29(5):645-653.

Santos LM, Cerqueira MP, Gaboardi GC, et
al. Evaluation of glycosylated TES from
Toxocara canis produced in Pichia pastoris

for the immunodiagnosis of human
toxocariasis. Braz Arch Biol Technol.
2020;63.

Del Aguila C, Cuellar C, Guillén JL.
Toxocara canis excretory/secretory antigen:
polyclonal and larvicidal ~monoclonal
antibody recognition profiles. Parasite
Immunol. 1988;10(2):237-241.

Voller A, Bartlett A, Bidwell DE. Enzyme
immunoassays for parasitic diseases. Trans
R Soc Trop Med Hyg. 1976;70 (2):98-1006.
Espinoza Y, Huapaya P, Suarez R, et al.
Standardization of the ELISA technique for
the diagnosis of human Toxocariasis. An
Fac Med Med. 2003;64(1):7-12.

Iglesias  SA, Olivos K, Faioc V.
Toxocariasis, a disease that still deserves our
attention. Experience in Medicine Magazine
of the Lambayeque Regional Hospital.
2018;4(4):159-160.

Available at: http://ijpa.tums.ac.ir

23.

24,

25.

20.

27.

28.

29.

30.

31.

Vélez L., Barrera RK, Almariz RD, et al.
Potential risk of zoonotic parasites present
in canine feces in Puerto Escondido,
Oaxaca. Salud Publica Mex. 2014;56(6):625-
630.

Olave ], Garcia P, Martinez V, et al
Prevalence of gastrointestinal helminths in
dogs from the Health Service of Tulancingo,
Hidalgo. Abanico Vet. 2019;9:1-10.

Moura MQ, Macedo RP, Terto WD, et al.
Detection of Toxocara canis DNA in tissues
of experimentally infected mice. Acta Trop.
2018; 187:51-56.

Vizcaychipi KA, Rinas M, Irazu L, et al.
Neotropical zoonotic parasites in bush dogs
(Speothos  venaticus) from Upper Parana
Atlantic Forests in Misiones Argentina.
Vector Borne Zoonotic Dis.
2016;16(10):664—672.

Morales OL. Identification of Toxocara canis
antigens using the Western blot technique
in experimentally infected rabbits. Doctoral
Thesis. 1999.

Gazzinelli PH, Nutman TB. Helminth
parasites and immune regulation. F1000Res.
2018; 7:F1000 Faculty Rev-1685.

Roldan WH, Rubinsky EG.
Immunodiagnosis of human toxocariasis. In
Serological diagnosis of certain human,
animal and plant diseases. Intech Open.
2012.

Avila, HG, Risso MG, Ruybal P, et al.
Development of a low-cost copro-LAMP
assay for the simultaneous coprodetection
of  Toxocara canis and  Toxocara  cati.
Parasitology. 2021;148 (7):819-826.
Stangogiannis DE, Marval H, Moreno MM,
et al. Experimental infection in mice with
ocular larva migrans. Arch Soc Esp
Oftalmol. 2007; 82(2):89-94.

427



