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Abstract
	 everal methods for diagnosing human toxocariasis have been reported in the literature.  
	 Definitive diagnosis is by histopathological examination and morphological and morphometric 
identification of L2 in tissue samples. However, it is often not practical to obtain biopsy material to 
examine for larvae. The most effective laboratory diagnostic approach for toxocariasis in a patient 
suspected of being infected is serology combined with other  diagnostic studies. The parasite and its 
components may be detected by molecular techniques, medical imaging techniques and hematological 
and biochemicalstudies. 
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Introduction
	 Human toxocariasis is a worldwide zoonotic 
parasitic disease caused by the larvae  of Toxocara 
species, include T. canis, T. cati and possibly T. 
vitulorum.  This disease is one of the most common 
zoonotic helminthiases in temperate countries [1] 
and occurs periodically in urban and rural areas as a 
result of accidental infection. It normally presents 
as either visceral or ocular disease although some 
infected patients are asymptomatic. The disease is 
largely caused by a dog parasite (T.  canis) and to 
a lesser extent a cat parasite (T.  cati). 
	 Toxocaral larva migrans is recognized as a 
cause of potentially serious human infection. 
Although the majority of clinical manifestations 
vary according to the affected organ, the most 
common characteristic found is persistent 
eosinophilia. Other manifestations include 
hepatomegaly, fever, pneumonitis, visual field 

defects and neurological disturbances.  The 
severity of symptoms depends on the burden and 
location of the larvae, including the duration of 
infection. Cases of visceral larva migrans (VLM) 
are mostly asymptomatic or mild without obvious 
abnormalities. Ocular larva migrans (OLM) can 
result in chronic inflammation and permanent 
damage to the eye; it may cause posterior uveitis, 
vitreous body infiltrates, epiretinal membranes and 
subretinal granulomas. The most frequent clinical 
findings in children, called covert toxocariasis, 
are fever, anorexia, headache, abdominal pain, 
nausea, vomiting, lethargy, sleep and behavior 
disorders, pharyngitis, pneumonia, coughing, 
wheezing, limb pains, cervical lymphadenitis 
and hepatomegaly. Severe pneumonia, cardiac 
disease or neurological disease are rarely found 
with toxocariasis, but can lead to death.
	 A definitive diagnosis of human toxocariasis 
is often a challenge for the clinician since the 
clinical signs and symptoms of the disease are 
non-specific. Therefore, patient history regarding 
occupational and household chemical exposures, 
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drug exposures, asthma, travel to tropical areas, 
contact with domestic animals, particularly 
puppies, consumption of raw vegetables or 
undercooked meats should be obtained. Laboratory 
investigations useful for the diagnosis of human 
toxocariasis normally rely on a combination of 
various methods.

Parasite and its component detection
	 The gold standard for diagnosing infections 
caused by protozoa or helminths is microscopic 
or macroscopic observation of the parasite. 
Parasitological diagnosis of human toxocariasis 
can be confirmed by pathological examination, 
including morphological and morphometric 
identification of L2 in the affected tissue [2,3]. In 
OLM, one or more mobile larvae may be directly 
found under the retina using ophthalmoscopy [4]. 
Molecular techniques, such as DNA hybridization, 
polymerase chain reaction (PCR) amplification and 
restriction fragment length polymorphism (RFLP) 
or sequencing of Toxocara nuclear ribosomal 
DNA (rDNA), mitochondrial DNA (mtDNA) or 
repetitive DNA extraction from tissue, have been 
used to diagnose infections and to analyze genetic 
variation among nematodes and to evaluate the 
population genetics of Toxocara [5]. PCR has been 
reported to detect the DNA of T. canis in liver tissue 
of experimentally infected mice [5,6] and provide 
specific identification, diagnose infections and 
analyze genetic variation in this nematodes [7]. 
Tissue biopsy is not usually recommended and 
larvae are not simply found migrating in biopsy 
material [8]. 

Medical imaging techniques
	 Contemporary imaging modalities, including 
ultrasound (US), computed tomography (CT) and 
magnetic resonance imaging (MRI), can be used 
to support a tentative diagnosis of toxocariasis, 
especially in patients exhibiting VLM whose 
clinical signs include granulomatous lesions and 
focal inflammatory changes due to migrating 
Toxocara larvae in the liver [9] and nervous system 
with resultant eosinophilia in the CSF [9-13]. 
Abdominal US showed multiple hypoechoic areas 

in the livers of 14 children who presented with 
hepatomegaly, eosinophilia and positive Toxocara 
serology [14-16]. Characteristic images on US [17] 
and CT scan [18] in toxocaral endophthalmitis 
have also been described.   

Hematological and biochemical assessment
	 A marked peripheral blood eosinophilia 
induced by T lymphocytes [19] is of particular 
immunological interest in toxocariasis. Only 
a few other parasitic diseases provoke such a 
phenomenon, these include acute schistosomiasis, 
angiostrongyliasis, liver fluke infections and 
leaking echinococcal cysts. Although eosinophilia 
is not specific for Toxocara infection, it has been 
consistently associated with VLM. In contrast, 
patients with OLM rarely have eosinophilia due 
to the low larval burden [20]. Toxocara larvae 
are tissue nematodes, blood eosinophil counts 
imperfectly reflect their presence since they 
preferentially accumulate in tissue [21]. Some 
toxocariasis patients may have true disease 
without eosinophilia. A case was recently reported 
of active toxocariasis eliciting a chronic irritant 
cough with a positive specific immunodiagnosis 
and an elevated titer of eosinophil cationic 
protein (ECP) [22]. Other laboratory findings 
include hypergammaglobulinemia and elevated 
concentrations of total serum IgE [23]. In patients 
presenting with one or more clinical signs of 
covert toxocariasis but lack eosinophilia, an 
increase in the concentration of serum total 
IgE > 500 IU/ml is further evidence of recent 
Toxocara infection. Magnaval and Glickman 
[24] reported Toxocara infection is usually 
characterized by marked, chronic eosinophilia 
(> 2.0 x 109 cells/l or more than 400/mm3), 
leukocytosis and hypergammaglobulinemia. 
These authors recommend  patients with negative 
stool examinations and normal serum IgE 
concentrations should be examined with specific 
immunodiagnostic tests for toxocariasis.  

Serodiagnosis
	 At present, serological testing using 
immunological techniques is recognized as the 
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most effective approach to the laboratory diagnosis 
ofToxocara infection [23,25]. Serodiagnosis is also 
useful for epidemiological studies of the prevalence 
of the disease. Most immunological techniques 
used have had variable success in detecting anti-
Toxocara antibodies. Woodruff and Bradstreet [26] 
first used skin testing to detect Toxocara specific IgE 
antibodies. Extracts of T. canis adult worms were 
tested in 35 patients with a history of asthma, 
choroidoretinitis or unexplained eosinophilia. 
Eleven of them were infected with T. canis or T. 
cati. Collins and Ivey [27] infected guinea pigs 
with a small number of Toxocara and Ascaris 
larvae and challenged intradermally the guinea 
pigs with a variety of antigens prepared from T. 
canis. They found the larval antigen induced a 
more significant and sensitive skin reaction than 
the adult antigen. Cross-reaction occurred at 
all infected levels between Toxocara and Ascaris 
antigens. de Savigny [28] reported diagnosis of 
genus specific Toxocara infection with a passive 
haemagglutination test using Toxocara excretory-
secretion (TES) antigens and no cross-reaction was 
observed with Ascaris serum. 
	 The standard serological test for confirming 
toxocariasis is an ELISA assay employing TES 
harvested from T. canis larvae [23]. The use of TES 
antigens from larvae increased the sensitivity and 
specificity of the ELISA test compared to antigen 
mixtures from adult worms [29-33] although some 
cross-reactions with other nematodes occurred 
[34-36]. Indirect ELISA was used to determine the 
prevalence of total IgG, IgE and IgM antibodies 
against TES [25]. An anti-Toxocara IgE ELISA 
test has been recommended as the most useful 
serodiagnostic test because it will not detect iso-
haemagglutinins in the test sera, since these are 
largely IgG antibodies [37]. However, patients do 
not always present with elevated total IgE levels, 
although the presence of specific IgE is likely to 
be associated with an active infection [38]. 
	 A major problem with cross-reaction occurs 
in tropical countries where other soil-transmitted 
helminths are prevalent, such as A. lumbricoides, 
Trichuris trichiura, hookworm and Strongyloides 
stercoralis [32,39-43]. The existence of cross-

reactivity among the excretory-secretory antigens 
of Fasciola hepatica, T. canis and A. suum can occur 
[44,45]. An indirect antibody competition ELISA 
employing specific rabbit IgG anti-TES antigen as 
the competition antibody improves toxocariasis 
diagnosis with a sensitivity of 60.2% and a 
specificity of 98% in humans [46,47]. Dot-ELISA 
gave higher specificity than ELISA in examing the 
sera of children with suspected toxocariasis. Other 
methods for developing specific assays are IgM 
monoclonal antibodies (mAb) which recognize 
species and genus-specific epitopes [48]. Yokoi et 
al [49] produced a monoclonal antibody to the 
120 kDa-TES antigens of T. canis larvae which 
may be useful for determining the parasite burden 
in early infection and the efficacy of helminthic 
treatment. No cross-reaction of this mAb with 
other helminthic infections has been reported. 
However, a study using a preliminary antigen 
capture assay employing mAb to TES antigen 
gave a 25% false positive rate in patients with 
schistosomiasis and filariasis [40]. 
	 Western blot analysis, which is as sensitive as 
ELISA and relatively specific, should be used as a 
confirmatory test after screening by ELISA [23]. El-
Massry et al [50] showed the SDS-PAGE of T. canis 
and Toxascaris leonina adult somatic antigens had 
two similar bands at 90+91.5 kDa and 69.25+70.5 
kDa, respectively. Western blotting showed four 
prominent bands representing immunoreaction 
between the somatic antigens of T. canis adults and 
serum from rabbits experimentally infected with 
the corresponding larvae (125.37, 117.73, 90.00 
and 69.25 kDa). It appears the bands at 125.37 
and 117.73 kDa may used as specific markers 
for T. canis adults. A 55-66 kDa antigen complex 
has been shown to be responsible for the cross-
reactivity between T. canis  and A. suum [46]. Lynch 
et al [32] reported that an 81 kDa antigen was 
responsible for the strong cross-reactivity between 
T. canis and Ascaris extracts. Magnaval et al [51] 
demonstrated four low Mr bands (24, 28 (fused 
bands), 30 and 35 kDa) and three high Mr bands 
(132, 147 and 200 kDa) by Western blotting using 
TES. The lower Mr bands appeared to avoid the 
problem of cross-reactivity with sera from patients 
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infected with other helminth diseases [51,52]. 
Sarimehmetoglu et al [53] used TES antigens to 
diagnose VLM and found protein bands at 24, 28 
and 48 kDa in infected mice, and bands at 24, 28, 
30, 35, 132, 147 and 200 kDa in humans [54]. A 
major advantage of using TES-Western blotting 
is the ability to identify antigens important in 
serodiagnosis and their discrimination from other 
cross-reactive antigens in TES. However, Western 
blotting is more labor-intensive and requires 
specialized expertise and cross-reactions are still 
reported. 
	 The presence of cross-reactive antigens in 
TES limits the use of serodiagnostic methods 
using TES. The production of large amounts 
of TES recombinant antigen may provide an 
alternative method for Toxocara serodiagnosis 
by providing increased sensitivity and specificity 
compared to native TES. However, recombinant 
antigens must share important antigenic and 
immunogenic structures with native TES. Recently, 
the development of highly specific recombinant 
antigens from T. canis larvae was attempted. Since 
production of TES is limited to the capacity of 
parasite culture, a recombinant protein is likely to 
offer a significant advantage for future diagnosis 
[8]. Immunological results must be interpreted 
while taking into consideration the clinical 
signs of the patient and confirmed by finding 
the parasite itself or its genome using molecular 
methods [55]. Recombinant T. canis second-stage 
larva antigens corresponding to the 30 kDa and 
120 kDa proteins were developed and tested for 
their specificity for toxocariasis [8,56-58]. TES-30 
is a recombinant protein from T. canis second 
stage larvae corresponding to the 30 kDa antigen 
from TES. TES-30 appears to be sensitive and 
specific with no cross-reactions reported with 
sera from individuals with Ascaris and hookworm 
infections and only minimal cross-reactions 
with sera from individuals with gnathostomiasis, 
paragonimiasis and spirometriasis [8,56,57]. 
The gene encoding TES-120 was cloned into the 
bacterium Escherichia coli, the resultant antigen 
reacted with all toxocariasis sera tested but did 
not react with sera from patients with various 

helminthiasis and protozoan infections [58]. Thus 
TES-30 and TES-120 recombinant antigens should 
be evaluated further in order to confirm their 
potential as diagnostic antigens. The development 
of IgG-ELISA based on antiserum prepared against 
the recombinant arginine kinase of T. canis has 
been reported. There were significant differences 
(p < 0.01) in absorbance between infected and 
control serum samples from infected mice with 
100% sensitivity; the authers suggested the 
recombinant-AK based IgG-ELISA could be applied 
to the immunodiagnosis of human toxocariasis 
[59]. However, it is necessary to evaluate this 
recombinant antigen with heterologous human 
sera to evaluate the specificity of the test. 
	 Both the early detection of toxocariasis and 
the evaluation of the public health significance 
rely greatly on serology [40,60,61]. However, 
serological evidence of widespread infection 
does not indicate prevalence of clinical disease 
[62]. Positive serology is not always evidence of a 
causative relationship between Toxocara infection 
and the patient’s current illness, as residual anti-
Toxocara antibodies can persist for years [63] and 
they are not very useful for measuring of success 
of treatment. The presence of anti-Toxocara 
antibodies alone does not distinguish between 
current and past infections and such tests should 
be accompanied by other laboratory tests. such as 
blood eosinophil count and total serum IgE. Anti-
Toxocara antibodies detected by ELISA persisted 
for up to 2.8 years in patients in Switzerland 
[64], while anti-Toxocara antibodies detected by 
Western blotting can persist for over 5 years. 
	 However, serum anti-Toxocara antibodies may 
not be detected by either ELISA [65] or Western 
blotting [66] in some cases of parasite-identified 
toxocariasis. In some OLM patients, antibodies 
cannot be detected in the serum and the number 
of eosinophils may be normal or mildly elevated 
even in patients with severe ocular manifestations 
due to a physiological barrier between blood and 
ocular fluids [20,67,68]. The anti-Toxocara titers 
in vitreous and aqueous humor fluid are usually 
elevated and found to be higher than those 
in serum obtained from patients with ocular 
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toxocariasis [69]. The sensitivity of ELISA for 
diagnosis of OLM is lower than for VLM which 
is probably related to the low larval burden or 
to the long period between onset of infection 
and serodiagnostic testing, which can be up to 
2 years for OLM but usually less than 6 months 
for VLM [70]. Criteria for the diagnosis of OLM 
is usually based on the the presence of ocular 
lesions, such as retinal or peripheral granulomas, 
endopthalmitis, or eosinophilia of the vitreous 
humor, and an elevated antibody titer to T. canis 
larva antigen [71]. Anti-Toxocara antibody titers in 
VLM cases are consistently higher than those in 
OLM but lower than those with concurrent VLM 
and OLM. The detection of circulating Toxocara 
antigen has been reported [40,72] and remains an 
option for serodiagnosis; however, the specificity 
of antibody capture and the requirement to detect 
uncomplexed circulating Toxocara antigen limit its 
application. 
	 Until now, no standardized tests have been 
conducted among patients infected with Toxocara 
larvae in Thailand.  There is a clear need to 
develop definitive diagnostic tests for toxocariasis 
infection when other tissue nematodes are 
endemic. An attempt has been made to evaluate 
various subclass antibodies by indirect ELISA. 
ELISA has been widely used in several parasitic 
infections with satisfactory results. However, there 
are no published studies of subclass antibodies 
accompanied by TES antigens using ELISA.The 
recognition of IgG2 antibodies to the epitopes of 
TES antigens gave a high total sensitivity (98%) 
(16/16 of patients from Scotland and 33/34 of 
patients from Thailand) [73]. The IgG3 subclass 
also gave a high sensitivity (78%). IgG2 and IgG3 
responses appear to be directed primarily against 
carbohydrate or polysaccharide antigens which 
comprise most of the components of TES antigens 
[74]. 

Conclusion
	 This study reviewedToxocara species, a 
ubiquitous parasite responsible for some of the 
most challenging clinical diseases.  Traditional 
parasitological diagnostic approaches can have 

significant limitations in regard to the specific 
identification of larvae.  We reviewed the various 
approaches to the diagnosis of human toxocariasis 
which can be used to differentiate it from other 
parasites, which can give precise information about 
and important implications for investigating their 
life cycle, epidemiology and population biology.  
At present, the accepted serodiagnostic tests are 
the IgG-TES ELISA and Western blotting.  However, 
further research is needed to develop or improve 
assays that can determine the course of the disease 
and the efficacy of treatment.  Recombinant 
antigens may offer further solutions for Toxocara 
serodiagnosis by providing increased sensitivity 
and specificity of native TES. 

References
	 1. 	Schantz PM. Toxocara larva migrans now. Am 

J Trop Med Hyg. 1989;41:21-34. 
	 2. 	Parsons JC, Bowman DD, Grieve RB. Tissue 

localization of excretory-secretory antigens 
of larval Toxocara canis in acute and chronic 
murine toxocariasis. Am J Trop Med Hyg. 
1986;35:974-81.

	 3. 	Kirchner T, Altmann HW. Parasitenlarvenals 
ursache  umschr iebener  l eberherde . 
Morphologie und differentialdiagnose. 
Pathologe. 1987;8:31-6.

	 4.	 Meyer-Riemann W, Petersen J, Vogel M. 
Extraktionsversuch einer intraretinalen 
nematode im papillomakularen Bundel. Klin 
Monatsbl Augenheilkd. 1999;214:116-9.

	 5. 	Rai SK, Uga S, Wu Z, Takahashi Y, Matsumura 
T. Use of polymerase chain reaction in the 
diagnosis of toxocariasis: an experimental 
study. Southeast Asian J Trop Med Public 
Health. 1997;28:541-4.

	 6.	 Wu Z, Nagano I, Xu D, Takahashi Y. Primers 
for polymerase chain reaction to detect 
genomic DNA of Toxocara canis and T. cati. J 
Helminthol. 1997;71:77-8.

	 7.	 Zhu XQ, Gasser RB, Chilton NB, Jacobs DE. 
Molecular approaches for studying ascaridoid 
nematodes with zoonotic potential, with 
emphasis on Toxocara species. J Helminthol. 
2001;75:101-8.

Diagnostic Trends of Human Toxocariasis



Vol 33 (No. 1) June 2010	 T H E  J O U R N A L  O F  T R O P I C A L  M E D I C I N E  A N D  P A R A S I T O L O G Y 	 49

	 8. 	Yamasaki H, Araki K, Lim PKC, Zasmy N, Mak 
JW, Taib R, et al. Development of a highly 
specific recombinant Toxocara canis second-
stage larva excretory-secretory antigen for 
immunodiagnosis of human toxocariasis. J 
Clin Microbiol. 2000;38:1409-13.

	 9. 	Ishibashi H, Shimamura R, Hirata Y, 
Kudo J, Onizuka H. Hepatic granuloma in 
toxocaral infection: role of ultrasonography 
in hypereosinophilia. J Clin Ultrasound. 
1992;20:204-10.

	10. 	Dupas B, Barrier J, Barre P. Detection of 
Toxocara by computed tomography. British J 
Radiol. 1986;59:518-9.

	11. 	Ruttinger P, Hadidi H. MRI in cerebral 
toxocaral disease. J Neurol Neurosurg Psychi. 
1991;54:361-2.

	12. 	Ota S, Komiyama A, Johkura K, Hasegawa 
O, Kondo K. Eosinophilic meningo-
encephalomyelitis due to Toxocara canis. 
Rinsho Shinkeigaku. 1994;34:1148-52.

	13. 	Hartleb M, Januszewski K. Severe hepatic 
involvement in visceral larva migrans. 
European J  Gas t roentero l  Hepato l . 
2001;13:1245-9.

	14. 	Baldisserotto M, Conchin CF, Da Soares MG, 
Araujo MA, Kramer B. Ultrasound findings in 
children with toxocariasis: report on 18 cases. 
Pediatr Radiol. 1999;29:316-9.

	15. 	Gonzales MT, Ibanez O, Balcarce N, Nanfito 
G, Kozubsky L, Radman N, et al. Toxocariasis 
con afectacion hepatica. Acta Gastroenterol 
Latinoam. 2000;30:187-90.

	16. 	Xinou E, Lefkopoulos A, Gelagoti M, Drevelegas 
A, Diakou A, Milonas I, et al. CT and MR 
imaging findings in cerebral toxocaral disease. 
Am J Neuroradiol. 2003;24:714-8.

	17.	 Wan WL, Cano MR, Pince KJ, Green R. 
Echographic characteristics of ocular 
toxocariasis. Ophthalmol. 1991;98:28-32.

	18. 	Templetion PA, Rao KC. Computed tomography 
of Toxocara canis endophthalmitis. J Comput 
Assist Tomogr. 1987;11:99-101.

	19. 	Kayes SG, Oaks JA. Toxocara canis: T lymphocyte 
function in murine visceral larva migrans 
and eosinophilia onset. Exp Parasitol. 1980; 

49:47-55.
	20. 	Glickman LT, Schantz PM. Epidemiology 

and pathogenesis of zoonotic toxocariasis. 
Epidemiol Rev. 1981;3:230-50.

	21. 	Rytonaa T.  Organ dis t r ibut ion and 
histochemical properties of eosinophil 
granulocytes in the rat. Acta Patol Microbiol 
Scand. 1960;50:12-8.

	22. 	Magnaval JF, Berry A, Fabre R, Morassin B. 
Eosinophil cationic protein as a possible 
marker of active human Toxocara infection. 
Allergy. 2001;56:1096-9.

	23. 	Magnaval JF, Glickman LT, Dorchies P, 
Morassin B. Highlights of human toxocariasis. 
Korean J Parasitol. 2001;39:1-11.

	24. 	Magnaval JF, Glickman LT. Management and 
treatment options for human toxocariasis. 
In: Holland CV, Smith HV, editors. Toxocara 
the enigmatic parasite. Oxfordshire: CABI 
Publishing; 2006. p. 113-26.

	25. 	Smith HV. Antibody reactivity in human 
toxocariasis. In: Lewis JW, Maizels RM, 
editors. Toxocara and toxocariasis: clinical, 
epidemiological and molecular perspectives. 
London: British Society for Parasitology and 
Institute of Biology; 1993. p. 91-109.

	26. 	Woodruff AW, Bradstreet CM. Toxocara skin 
tests. Lancet. 1968;2:463.

	27. 	Collins RF, Ivey MH. Specificity and sensitivity 
of skin test reactions to extracts of Toxocara 
canis and Ascaris suum. I. Skin tests done on 
infected guinea pigs. Am J Trop Med Hyg. 
1975;24:455-9. 

	28. 	de Savigny DH, Tizzard IR. Toxocara larva 
migrans: the use of larval secretory antigens 
in haemagglutination and soluble antigen 
fluorescent antibody tests. Trans R Soc Trop 
Med Hyg. 1977;71:501-7.

	29. 	Glickman LT, Schantz PM, Dombroske R, 
Cypess R. Evaluation of serodiagnostic tests 
for visceral larva migrans. Am J Trop Med Hyg. 
1978;27:492-8.

	30. 	Pollard ZF, Jarrett WH, Hagler WS, Allain DS, 
Schantz PM. ELISA for diagnosis of ocular 
toxocariasis. Ophthalmol. 1979;86:743-9.

	31. 	Speiser F, Gottstein B. A collaborative study 

Diagnostic Trends of Human Toxocariasis



50	 T H E  J O U R N A L  O F  T R O P I C A L  M E D I C I N E  A N D  P A R A S I T O L O G Y 	 Vol 33 (No. 1) June 2010

on larval excretory-secretory antigens of 
Toxocara canis for the immunodiagnosis of 
human toxocariasis with ELISA. Acta Trop. 
1984;41:361-72.

	32. 	Lynch NR, Wilkes LK, Hodgen AN, Turner 
KJ. Specificity of Toxocara-ELISA in tropical 
populations. Parasite Immunol. 1988;10: 
323-37.

	33. 	Jacquier P, Gottstein B, Stingelin Y, Eckert 
J. Immunodiagnosis of toxocariasis in 
humans: evaluation of a new enzyme-linked 
immunosorbent assay. J Clin Microbiol. 
1991;29:1831-5.

	34. 	Kennedy MK, Maizels RM, Meghji M, Young 
L, Qureshi F, Smith HV. Species-specific 
and common epitopes on the secreted and 
surface antigens of Toxocara cati and Toxocara 
canis infective larvae. Parasite Immunol. 
1987;9:407-20.

	35. 	Kennedy MK, Qureshi F, Fraser EM, Haswell-
Elkins MR, Elkins DB, Smith HV. Antigenic 
relationships between the surface-exposed, 
secreted and somatic materials of the nematode 
parasites Ascaris lumbricoides, Ascaris suum, 
and Toxocara canis. Clin Exp Immunol. 
1989;75:493-500.

	36. 	Page AP, Richards DT, Lewis JW, Omar 
HM, Maizels RM. Comparison of isolates 
and species of Toxocara and Toxascaris by 
biosynthetic labelling of somatic and ES 
proteins from infective larvae. Parasitol. 
1991;103:451-64.

	37. 	Girdwood RWA. Human toxocariasis. J Small 
Anim Pract. 1986;27:649-54.

	38. 	van Knapen F, Buijs J. Diagnosis of Toxocara 
infection. In: Lewis JW, Maizels RM, 
editors. Toxocara and Toxocariasis, clinical, 
epidemiological and molecular perspectives. 
London: British Society for Parasitology and 
Institute of Biology; 1993. p. 49-53.

	39. 	van Knapen FV, Leusden JV, Conijn-van 
Spaendonk MAE. Human toxocariasis, 
diagnosis and incidence in the Netherlands. 
Tijdschr Diergeneeskd. 1983;108:469-74.

40. 	Gillespie SH, Bidwell D, Voller A, Robertson 
BD, Maizels RM. Diagnosis of human 

toxocariasis by antigen capture enzyme 
linked immunosorbent assay. J Clin Pathol. 
1993;46:551-4.

41. 	Taylor MRH. Toxocariasis in Ireland. In: 
Lewis JW, Maizels RM, editors. Toxocara and 
Toxocariasis, clinical, epidemiological and 
molecular perspectives. London: British 
Society for Parasitology and Institute of 
Biology; 1993. p. 71-80.

42. 	Ishida MM, Rubinsky-Elefant G, Ferreira 
AW, Hoshino-Shimizu S, Vaz AJ. Helminth 
antigens (Taenia solium, Taenia crassiceps, 
Toxocara canis, Schistosoma mansoni and 
Echinococcus granulosus) and cross-reactivities 
in human infections and immunized animals. 
Acta Trop. 2003;89:73-84.

43. 	Noordin R, Smith, HV, Mohamad, S, Maizels 
RM, Fong MY. Comparison of IgG-ELISA and 
IgG4-ELISA for Toxocara serodiagnosis.  Acta 
Trop. 2005;93:57-62.

44. 	Nunes CM, Tundisi RN, Garcia JF, Heinemann 
MB, Ogassawara S, Richtzenhain LJ. Cross-
reactions between Toxocara canis and Ascaris 
suum in the diagnosis of visceral larva migrans 
by western blotting technique. Rev Inst Med 
Trop Sao Paulo. 1997;39:253-6.

45. 	Romasanta A, Romeo JL, Arias M, Sanchez-
Andrade R, Lopez C, Suarez JL, et al. Diagnosis 
of parasitic zoonoses by immunoenzymatic 
assays: analysis of cross-reactivity among 
the excretory/secretory of Fasciola hepatica, 
Toxocara canis and Ascaris suum. Immunol 
Invest. 2003;32:131-42.

46. 	Nunes CM, Tundisi RN, Heinemann MB, 
Ogassawara S,  Richtzenhain LJ. Toxocariasis: 
serological diagnosis by indirect antibody 
competition ELISA. Revista Inst Med Trop Sao 
Paulo. 1999;41:95-100.

47. 	Carmago ED, Nakamura PM, Vaz AJ, da Silva 
MV, Chieffi PP, de Melo EO. Standardization 
of dot-ELISA for the serological diagnosis 
of toxocariasis and comparison of assay 
with ELISA. Rev Inst Med Trop Sao Paulo. 
1992;34:55-60.

48. 	Bowman DD, Mika-Grieve M, Grieve RB. 
Toxocara canis: monoclonal antibodies to 

Diagnostic Trends of Human Toxocariasis



Vol 33 (No. 1) June 2010	 T H E  J O U R N A L  O F  T R O P I C A L  M E D I C I N E  A N D  P A R A S I T O L O G Y 	 51

larval excretory-secretory antigens that 
bind with genus and species specificity to 
the cuticular surface of infective larvae. Exp 
Parasitol. 1987;64:458-65.

49. 	Yokoi K, Kobayashi F, Sakai J, Usui M, Tsuji 
M. Sandwich ELISA detection of excretory-
secretory antigens of Toxocara canis larvae 
using a specific monoclonal antibody. 
Southeast Asian J Trop Med Public Health. 
2002;33:33-7.

50. 	El-Massry AA. Characterization of antigenic 
property of Toxocara canis and Toxascaris 
adults and larvae through immunodiagnosis 
electrophoresis (SDS-PAGE) and western blot 
technique. J Egypt Soc Parasitol. 1999;29: 
335-45.

51. 	Magnaval JF, Fabre R, Maurieres P, Charlet JP, de 
Larrard B. Application of the Western blotting 
procedure for the immunodiagnosis of human 
toxocariasis. Parasitol Res. 1991;77:697-702.

52. 	Park SP, Park I, Park HY, Lee SU, Huh S, 
Magnaval JF. Five cases of ocular toxocariasis 
confirmed by serology. Korean J Parasitol. 
2000;38:267-73.

53. 	Sarimehmetoglu HO, Burgu A, Aycicek H, 
Gonenc B, Tanyuksel M, Kara M. Application 
of western blotting procedure for the 
immunodiagnosis of visceral larva migrans 
in mice by using excretory/secretory antigens. 
Dtsch Tierarztl Wochenschr. 2001;108: 
390-2.

54. 	Hamidou MA, Gueglio B, Cassagneau E, 
Trewick D, Grolleau JY. Henoch-Schonlein 
purpura associated with Toxocara canis 
infection. J Rheumatol. 1999;26:443-5.

55. 	Bruschi F, Castagna, B. The serodiagnosis of 
parasitic infections. Parassitol. 2004;46: 141-4.

56. 	Yamasaki H, Taib R, Watanabe Y, Mak 
JW, Zasmy N, Araki K, et al. Molecular 
characterization of a cDNA encoding an 
excretory-secretory antigen form Toxocara 
canis second stage larvae and its application to 
the immunodiagnosis of human toxocariasis. 
Parasito Int. 1998;47:171-81.

57. 	Fong MY, Lau YL. Recombinant expression of 
the larval excretory-secretory antigen TES-120 

of Toxocara canis in the methylotrophic yeast 
Pichia pastoris. Parasitol Res. 2004;92:173-6.

58. 	Fong MY, Lau YL, Init I, Jamaiah I, Anuar 
AK, Rahmah N. Recombinant expression of 
Toxocara canis excretory-secretory antigen 
TES-120 in Escherichia coli. Southeast Asian J 
Trop Med Public Health. 2003;34:723-6.

59. 	Coelho Rde A, Yamasaki H, Perez E, de 
Carvalho LB Jr. The use of polysiloxane/
polyvinyl alcohol beads as solid phase in 
IgG anti-Toxocara canis detection using a 
recombinant antigen. Mem Inst Oswaldo 
Cruz. 2003;98:391-3.

60. 	Ajayi OO, Duhlinska DD, Agwale SM, Njoku 
M. Frequency of human toxocariasis in Jos, 
Plateau State, Nigeria. Mem Inst Oswaldo 
Cruz. 2000;95:147-9.

61. 	Alonso JM, Bojanich MV, Chamorro M, 
Gorodner JO. Toxocara seroprevalence in 
children from a subtropical city in Argentina. 
Rev Inst Med Trop Sao Paulo. 2000;42:235-7.

62. 	Good B, Holland CV, Taylor MR, Larragy J, 
Moriarty P, O’Regan M. Ocular toxocariasis 
in schoolchildren. Clin Infect Dis. 2004;39: 
173-8.

63. 	Ree GH, Voller A, Rowland HA. Toxocariasis 
in the British Isles 1982-3. Br Med J. 1984;288: 
628-9.

64. 	Jeanneret JP. Epidemiologie de la toxocarose 
dans la region jurassienne [Ph.D. thesis]. 
Neufchael, France: Institute of Zoology, 
University of Neufchael; 1991.

65. 	Glickman LT, Schantz PM, Grieve RB. 
Immunodiagnosis of parasitic diseases: 
helminthic diseases. In: Walls KW, Schantz 
PM, editors. Toxocariasis. New York: Academic 
Press Inc; 1986. p. 201-31.

66. 	Magnaval JF, Malard L, Morassin B, Fabre R. 
Immunodiagnosis of ocular toxocariasis using 
Western-blot for the detection of specific anti-
Toxocara IgG and CAP for the measurement 
of specific anti-Toxocara IgE. J Helminthol. 
2002;76:335-9.

67. 	Petithory JC, Chaumeil C, Liotet S, Rosseau 
M, Bisognani AC. Immunological studies on 
ocular larva migrans. In: Lewis JW, Maizels RM, 

Diagnostic Trends of Human Toxocariasis



52	 T H E  J O U R N A L  O F  T R O P I C A L  M E D I C I N E  A N D  P A R A S I T O L O G Y 	 Vol 33 (No. 1) June 2010

editors. Toxocara and Toxocariasis, clinical, 
epidemiological and molecular perspectives. 
London: British Society for Parasitology and 
Institute of Biology; 1993. p. 81-9.

68. 	Sharkey JA, Mckay PS. Ocular toxocariasis in 
a patient with repeatedly negative ELISA titre 
in Toxocara canis. Br J Ophthalmol. 1993;77: 
226-4.

69. 	Biglan AW, Glickman LT, Lobes LA. Serum and 
vitrous antibody in nematode endophtalmitis. 
Am  J  Ophthalmol. 1979;88:898-901.

70. 	de Savigny DH, Voller A, Woodruff AW. 
Toxocariasis: serological diagnosis by enzyme 
immunoassay. J Clin Pathol. 1979;32:284-8.

71. 	Petithory JC, Derouin F, Rousseau M, Luffau 
M, Quedoc M. Serological argument for 
multiple etiology of visceral larva migrans. 
In: Lewis JW, Maizels RM, editors. Toxocara 
and Toxocariasis, clinical, epidemiological 

and molecular perspectives. London: British 
Society for Parasitology and Institute of 
Biology; 1987. p. 81-9.

72. 	Robertson BD, Burkot TR, Gillespie SH, 
Kennedy MW, Wambai Z, Maizels RM. 
Detection of circulating parasite antigen and 
specific antibody in Toxocara canis infections. 
Clin Exp Immunol. 1988;74:236-41.

73. 	Watthanakulpanich D, Smith HV, Hobbs 
G, Whalley AJ, Billington D. Application of 
Toxocara canis excretory-secretory antigens 
and IgG subclass antibodies (IgG1-4) in 
serodiagnostic assays of human toxocariasis. 
Acta Trop. 2008;106:90-5. 

74. 	Lillywhite JE, Bundy DA, Didier JM, Cooper 
ES, Bianco AE. Humoral immune responses 
in human infection with the whipworm 
Trichuris trichiura. Parasite Immunol. 1991;13: 
491-507.

Diagnostic Trends of Human Toxocariasis


