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Introduction

Abstract

The predisposition of blood group type to some diseases has been established. It has been
shown that some parasites have an affinity for A and B blood group antigens. The purpose
of this study was to reveal the prevalence of ascariasis and toxocariasis depending on the
blood group type in patients with bone and joint pathology, and to establish the features
of hematological and biochemical parameters depending on the presence of a parasitic
infection. Patients with bone and joint pathology underwent determination of
hematological and biochemical parameters, detection of the blood group type, immune
group-specific antibodies and 1gG antibodies to Ascaris lumbricoides (A. lumbricoides),
and Toxocara canis (T. canis). A high frequency of seropositivity to A. lumbricoides was
revealed in individuals with blood group A and a weak B antigen, whereas seropositivity
to T. canis was mostly found in persons with blood group B. The persons with
seropositivity to A. lumbricoides showed by eosinophilia, leukopenia and
thrombocytopenia, increased serum urea and immune group-specific antibodies. The
persons with seropositivity to T. canis demonstrated eosinophilia, monocytopenia and
hogh level of immune group-specific antibodies. The immune antibodies showed a direct
correlation with 1gG antibodies to A. lumbricoides and T. canis. A high level of immune
antibodies was determined in individuals with weak A and B blood group antigens and
was associated with anemia and eosinophilia. Monitoring the level of immune group-
specific antibodies in individuals with seropositivity to A. lumbricoides and T. canis may
allow preventing anemia in this category of patients.

erythrocyte A and B antigens are associated with

In recent years, the blood group type of the patients different survival rates from diseases (1). ABO
has begun to attract the attention of the researchers. blood groups and helminth infections have been
Various distributions of the alleles of the reported to be associated (2). The certain blood
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group expression may increase or decrease host
susceptibility to parasitic infection. Blood group
antigens facilitate uptake or adhesion through
providing receptors or coreceptors for parasites and
organization of membrane microdomains. Thus, in
giardiasis, ya high incidence of persons with blood
group A has been registered (3). A correlation was
found between human blood types with giardiasis,
as most blood type A persons were symptomatic
patients (4). The association between ABO human
blood group and Ascaris lumbricoides (A.
lumbricoides), Ancylostoma duodenale, Trichuris
trichura, Enterobius vermicularis, Taenia solium
and Hymenolepis nana was studied (5). The
dominant parasitic infections of O and A blood
groups were A. lumbricoides and Ancylostoma
duodenale in male and A. lumbricoides and
hookworm in female. In B blood group male and
female were infected with roundworm and
hookworm.

The researchers have noted a high incidence of
parasitic infection in patients with bone and joint
pathology. The echinococcal disease is considered
to be the most frequent form of osteoarticular
parasitic infections. Bone form is the worst form of
the disease. The histopathological lesions of bone
are not well characterized. Bone echinococcal
disease is an invasive disease due to the absence of
a pericyst, limiting the extension of the lesions (6).
The studies on the prevalence of toxocariasis and
ascariasis in persons with bone and joint pathology
remain few. Toxocara canis (T. canis) and A.
lumbricoides were reported to share similar
glycoproteins to human blood group antigens (7, 8).
The type substances, especially A substance, of A.
lumbricoides, have been shown to have a certain
correlation with the blood group types (9). The
experiments suggest that A. lumbricoides might
absorb A and B antigens from the host, and modify
the cuticular carbohydrates expression as a kind of
antigenic mimicry.

Larval parasites have been shown to export
glycosylated macromolecules with methylated
oligosaccharide  structures, similar to the

mammalian blood group antigens. Toxocariasis,
caused by the parasite Toxocara, affects millions of
pediatric and adolescent populations globally (10,
11). Four forms of human toxocariasis have been
reported: common toxocariasis, visceral larva
migrans, ocular larva migrans, neuro toxocariasis,
and asthma (12). Toxocara antigens have been
reported to be similar to human blood group
antigens and blood group substances have been
used for the diagnosis of toxocariasis (13). The
antibodies, generated to T. canis infection were
reported to recognise the GalNAc residue.
Antibodies generated to helminth infections other
than T. canis were unreactive with the glycans. The
human dendritic cell lectin, was found to bind both
Toxocara products and mammalian blood group
antigen H. A  sensitive  enzyme-linked
immunosorbent assay (ELISA) that detects 1gG-
specific antibodies for the study of humoral
immune response in the ABO system after
intravenous injection of helminthic A and B blood
group antigens (T. canis) has been applied. After
transfusion, high levels of anti-A-1IgG were
revealed. The studies showed that unusual
presentation of A antigen to host leads to 1gG
reaction (14).

The standard test for diagnosing toxocariasis and
ascariasis is ELISA that detects 1gG-specific
antibodies against T. canis and A. lumbricoides and
is recommended by the Centers for Disease Control
and Prevention (15). The term "glycan mimickry"
has been proposed as an active strategy of parasites
to use their glycans to target cells within the host to
promote their survival (16). Researchers point to
antigenic mimicry of group erythrocyte antigens
and parasitic antigens (17). Antigenic mimicry
complicates an effective immune response and may
lead to autoimmunization and chronicity of
parasitic infection. In this regard, it is important to
study not only the intensity of the serological
response (the level of 1gG antibodies) to a parasitic
infection, but also to investigate group-specific
immune antibodies, since immune antibodies may
be produced under the influence of bacterial, viral
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and parasitic antigens. The aim of the study was to
identify the incidence and pathological effects of
A.lumbricoides and T.canis infection in persons
with bone and joint pathology depending on blood
group type by changes in hematological and
biochemical blood parameters, native agglutinating
and immune antibodies.

Materials and Methods

96 individuals aged 64.2+7.1 years old with bone
and joint pathology (coxarthrosis, gonarthrosis,
ligamentum ruptures and bone fractures) were
examined. All patients underwent clinical blood
analysis, biochemical blood analysis, determination
of blood group type, 1gG antibodies to A.
lumbricoides and T. canis, and immune group-
specific antibodies.

Blood group B with a weak A antigen was
determined in 11 individuals, and blood group A
with a weak B antigen was identified in 10
individuals. A and B blood groups were determined
in 58 and 17 persons, respectively. The control
group included 35 persons without weak A and B
antigens with seronegativity to A. lumbricoides and
T. canis.

Blood collection

The plasma samples measured biochemical
parameters and IgG antibodies against T. canis and
A. lumbricoides.

Blood group typing has been performed according
to the protocols (18).

The native agglutinating and immune group-
specific antibodies were evaluated at 4°C and 37°C.
Immune  antibodies  were  detected by
haemagglutination method (19). The plasma
samples were diluted with 0.9% saline (1:4) and
heated at 56°C for 30 minutes. The heated plasma
(100 ) was added to 50 ul of 2% washed in 0.9%
saline suspension of erythrocytes and incubated at
37°C for one hour. The agglutination was estimated
under microscope MicroMed XS-3330 from
strongly positive (4+) to negative (-).

Analysis of hematological parameters

The level of erythrocytes, hemoglobin, leukocytes,
neutrophils, lymphocytes, eosinophils, monocytes,
erythrocyte sedimentation rate (ESR) and platelets
were analyzed by the autohematological analyzer
MYTHIC 3CRP - 3 DIFF (Cormay Diagnostics,
Poland).
Urea
The content of urea was measured by the reaction
between diacetyl monoxime and urea in the
presence of sulfuric acid, phosphoric acid,
thiosemicarbazide and ferric chloride (20). The
absorbance was measured at a wavelength 520 nm.
Creatinine
The level of creatinine was detected by color Yaffe
reaction using a commercial kit (Felicit diagnostics)
(21). The optical density of the analyzed and
standard samples was measured after 30 seconds
(E1 and E2) and 90 seconds (E3 and E4) at a
wavelength of 505 nm. Creatinine concentration
was calculated using the formula: Concentration of
calibrator sample x (E3-E1)/(E4-E2).
Aspartate aminotransferase activity
Aspartate aminotransferase (AST) was detected by
dinitrophenylhydrazine method using
Multiparametric Photocolorimetric  biochemical
analyzer ALIZE (Lisabio, France) (22). Substrate-
buffer solution (0.25 ml) was added to the blood
serum (0.05 ml) and incubated for 60 minutes at
37°C. 0.25 ml of 2,4 dinitrophenylhydrazine was
added to the mixture and incubated for 20 minutes
at room temperature. 0.4 M sodium hydroxide
solution (2.5 ml) was added and incubated for 10
minutes at room temperature. The optical density of
the test sample for AST was measured against a
control sample on a photometer at a wavelength of
500-560 nm.

Alanine aminotransferase activity (ALT)
For this purpose, 1 ml of working solution
(substrate and coenzyme-enzyme reagent) was
mixed with 0.1 ml of serum. The optical density was
measured at a wavelength of 340 nm after 1 (E1)
and 3 (E2) minutes. The difference in extinction
(E2-E1)/3 was calculated.
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Detection of anti-T. canis and anti-A. lumbricoides
IgG antibodies

Commercial ELISA kits (Abcam, UK) were used to
measure serum anti-T. canis and anti-A.
lumbricoides 1gG antibodies. The serum and
control samples (IgG-positive, 1gG-negative, 1gG
cutoff, and substrate blank) were prepared. 100 pl
of the control or serum samples were added to the
pre-coated 96-well plates and incubated for 1 hour
at 37 °C. The plates were washed three times with
washing buffer, incubated with 100 pl of protein A
horseradish peroxidase conjugate for 30 minutes at
room temperature, washed three times, and
incubated  with 100 pul - of  3,3.5,5'-
Tetramethylbenzidine substrate solution for 15
minutes at room temperature. 100 pl of the stop
solution was added. The absorbance was measured
at 450 nm. 1gG index: >1.0: positive; 0.91-0.99:
equivocal result; <0.9: negative.

Statistical analysis

All the data were analyzed using Statistica 10.0
software (StatSoft, Krakdw, Poland). The mean and
standard deviation (SD) were used to describe the
data. Differences were considered statistically
significant at p <0.05. The reliability of the results
was evaluated by the Mann-Whitney U test.
Correlation analysis was performed using
Spearman's correlation test.

Results

59.3% of the persons with bone and joint tissue
pathology (n=57) demonstrated seropositivity to T.
canis, and 40.6% of the studied patients (n=39)
showed seropositivity to A. lumbricoides. The
distribution of blood group types in individuals with
seropositivity to A. lumbricoides was as follows:
Group A: n=10, Group A with weak B antigen:
n=20, Group B: n=3, Group B with weak A antigen:
n=5. The pattern of blood group types in persons
with seropositivity to T. canis was the following:

Group A: n=6, Group A with weak B antigen: n=22,
Group B: n=23, Group B with weak A antigen: n=6.
The seropositivity to A. lumbricoides was more
often detected in persons with A blood group with
weak B antigen and seropositivity to T. canis was
more frequent in persons with B blood group.
The hematological and biochemical parameters for
the persons with weak blood group antigens are
displayed in Tables 1 and 2. Persons with blood
group B and weak antigen A showed increased
levels of eosinophils, warm group-specific natural
and immune antibodies and seronegativity to T.
canis. Persons with group A and weak antigen B
demonstrated decreased levels of leukocytes,
monocytes and increased levels of eosinophils,
warm immune antibodies and 1gG antibodies to A.
lumbricoides.
The immune antibodies were inversely associated
with the levels of erythrocytes and hemoglobin and
directly correlated with ESR, eosinophils, thymol
probe, creatinine, C-reactive protein, 1gG
antibodies to T. canis and A. lumbricoides (Table
3). Natural agglutinating antibodies were directly
correlated with ESR, eosinophils, and antibodies to
A. lumbricoides.The antibodies to T. canis were
inversely correlated with the level of ESR,
hemoglobin and were directly associated with the
levels of eosinophils, immune antibodies and
glucose (p<0.05). The antibodies to A. lumbricoides
were directly associated with the levels of
eosinophils, urea, creatinine, and thymol probe
(p<0.05). Importantly, the antibodies to A.
lumbricoides in the group with weak blood group B
antigen  showed association with  natural
agglutinating and warm immune antibodies (r=0.4;
r=0.4) (p<0.05), whereas the antibodies to A.
lumbricoides in the group without weak blood
group B antigen showed association only with
natural agglutinating antibodies (r=0.2) (p<0.05).
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Table 1. Clinical blood analyses of persons with bone and joint tissue pathology (mean+SD)
. Group | Group Il Group I Group IV
Variables BA*(n=11) B ((n=17) AB*(n=10) A (n=58)

Erythrocytes (10%%/1) 4.95+0.27 5.01+0.34 5.02+0.36 4.77+0.3
Hemaoglobin (g/1) 144.4248.3 140.6+8.1 146.7+£8.7 142.2548.3
Platelets (10%1) 239.54+16.4 263.6+17.63 270.4+17.8  262.22+17.1

Leukocytes (10%1) 6.2+0.35 6.47+0.38 6.35+0.37** 7.4+0.43

ESR (mm/h) 9.243.2 10.9+1.8 6.25+2.1 8.96+1.7
Eosinophils (%) 2.81+0.6* 1.76+£0.43  3.33+0.43** 2.010.41
Neutrophils (%) 55.5+7.2 55.94+7.56 57.6+6.54 56.616.1

Lymphocytes (%) 31.72+3.74 34.2+3.85 32.8+4.2 31.33+¢4.0
Monocytes (%) 7.310.78 5.7£0.74 5.040.32** 6.67+0.6
T. canis abs 0.91+0.02* 1.43+0.04 1.12+0.03 1.15+0.03

A. lumbricoides abs 0.99+0.03 0.97+0.03  0.94+0.02**  0.80+0.02
Natural abs at 4°C 3.31+0.2 2.940.2 2.910.2 2.41+0.35
Natural abs at 37°C 2.6240.2* 2.04+0.15 2.5+0.2 2.4440.2

Immune abs at 4°C 1.57+0.15* 2.15+0.17 2.5+0.2** 1.66+0.17

Immune abs at 37°C 2.43+0.2* 1.7240.14 3.0+0.34** 1.91+0.2
ESR: erythrocyte sedimentation rate, abs: antibodies, *: p<0.05 compared to Group IlI; **: p<0.05 compared to Group
(\VA

Table 2. Biochemical parameters of persons with bone and joint pathology (mean+SD)
Group | Group 11 Group 11 Group IV
BA*(n=39) BA (n=17) AB*(n=10) AB"(n=34)
Glucose (mmol/l) 5.53+0.24 5.21+0.2 5.61+0.25 5.74+0.27
Total protein (g/l) 72.946.13 78.83+7.7 78.57+7.63 78.247.4

Variables

Alt (un/l) 16.6+1.31 19.6+1.4 28.4+2.0 23.32+1.56

Ast (un/l) 24.6+1.77 24.4+1.64 33.6+2.41 31.82+2.11

Urea (mmol/l) 3.56+0.48 4.44+0.6 4.440.6 4.36+0.56
Creatinine (mcmol/l)  73.33t6.41 77.6£7.2 81.5+8.4 79.0£7.5

Thymol probe (units) 2.34+0.2* 3.1+0.34 2.51+0.15 2.76x0.27

Table 3. Correlation analysis of the studied parameters in persons with bone and joint pathology

Parameters AB+ and BA+
Immune abs Abs to Abs to
Ascaris lumbricoides Toxocara canis
Er -0.6 -0.2 -0.3
Hb -0.3 -0.38 -0.3
ESR .0.4 .0.3 0.62
Eos 0.27 0.15
Urea 0.46
Glu 0.56
Crea 0.6 0.42
Thymol probe 0.4 0.47
Abs to Toxocara canis 0.3
Abs to A. 0.4
lumbricoides
Natural abs 0.23

AB+: group A with weak B antigen, BA+: group B with weak A antigen, abs: antibodies, Er: erythrocytes, Hb:
hemoglobin, ESR: erythrocyte sedimentation rate, Eos: eosinophils, Crea: creatinine.
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Table 4. The studied parameters according to the seropositivity to T. canis and A. lumbricoides (mean+SD)

Seropositivity to T.  Seronegativity to Seropositivity to A. Seronegativity to A.
canis T. canis lumbricoides lumbricoides
(meantSD) (meantSD) (meantSD) (meanxSD)
N=57 N=39 N=39 N=59
Monocytes (%) 5.4+0.3* 6.8+0.43
2.46+0.15* 2.1+0.11
Eosinophils (%)
3.240.2* 2.2+0.13 2.83+0.2** 2.31£0.19
Thymol probe
(units)
8.25+0.67* 2.31£0.17
CRP (units)
Platelets (10°) 237.64+16.4** 272.0£18.1
Leukocytes 6.53+0.41** 7.27x0.5
(10%)
Urea (mmol/l) 5.67+£0.31** 4.2+0.27
Natural abs 3.5+0.24** 2.740.2

Abs: antibodies, CRP: C-reactive protein, *: p<0.05 compared to the group with seronegativity to T.canis, **: p<0.05

compared to the group with seronegativity to A. lumbricoides.

In the correlation analysis of the entire group of
persons with bone and joint pathology, the
antibodies of T. canis showed a direct association
with the titer of group-specific anti-A antibody
(r=0.54) (p<0.05).

Hematological and biochemical parameters of the
persons with bone and joint pathology have been
analyzed according to the seropositivity or
seronegativity to T. canis and A. lumbricoides.
Thus, the persons with seropositivity to T. canis
showed decreased levels of monocytes and
increased levels of eosinophils, thymol probe, and
C-reactive protein (Table 4). The persons with
seropositivity to A. lumbricoides showed decreased
levels of platelets and leukocytes and increased
levels of thymol probe, urea, and natural
agglutinating antibodies (p<0.05).

Discussion

This study presents the distribution of blood group
types and main changes in the biochemical and
hematological blood parameters of the persons with
seropositivity to T. canis and A. lumbricoides
suffering from bone and joint pathology. This is the
first serological report of T. canis and A.
lumbricoides seropositivity among persons with

bone and joint pathology, carrying weak blood
group antigens. The high frequency of
seropositivity to T. canis and A. lumbricoides
revealed in persons with bone and joint pathology
might be explained by their unique capacity of
directly altering hematopoiesis in the bone marrow.
Many parasites have been reported to invade bone
marrow. Once inside the hosts, the parasites reside
in monocyte-derived macrophages, in the liver and
spleen. However, it has also been widely reported
that they can be found in the bone marrow of
infected individuals (23). Although parasitic
infections generally do not lead to mortality;
chronic infections may lead to considerable
morbidity, since parasites suppress immune
responses to non-parasite antigens and other
infections. The high level of seropositivity to T.
canis and A. lumbricoides in persons with bone and
joint pathology reflects its importance as a public
health concern and supports the need to increase
public awareness of this issue.

High level of IgG antibodies to T. canis in persons
with B blood group type agree with the data of the
researchers, suggesting evidence for blood-group-
like oligosaccharides in T. canis (24). Thus, a blood
group A substance was revealed on the surface coat
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of T. canis infective larvae using fluorescent anti-
Al Helix Pomatia lectin by immuno-electron
microscopy. Blood group antigen A of Toxocara
was reported as a marker for successful diagnosis of
toxocariasis. Mass spectrometry defined two major
O-linked glycans, containing N-
acetylgalactosamine (A blood group antigen),
galactose (B blood group antigen), and fucose (H
blood group antigen). The persons with A blood
group type and weak B antigen demonstrated
increased levels of IgG antibodies to A.
lumbricoides. A.  lumbricoides has  been
associated with the ABO system (25). Human anti-
A and anti-B agglutinins were neutralized by A.
lumbricoides antigens (26). Egg agglutinins
produced in response to antigens of A. lumbricoides
are responsible for fighting parasites, carrying
carbohydrate antigens (27). A. lumbricoides
isolated from O blood group persons demonstrated
the presence of H antigen. The extract did not
inhibit the agglutination against anti-A, anti-B and
anti-AB antibodies demonstrating the absence of A
and B epitopes in A. lumbricoides extracts from O
blood group persons (28). The antigens of A.
lumbricoides were reported to be divided
serologically by the presence or absence of A
substance into A+ and A- groups. The majority of
the parasites in persons with A, AB or B blood types
belong to A+ group, whereas those worms from O
blood type persons belong to A- group.

The heterogeneity in the ABO epitope expression of
T. canis and A. lumbricoides might be involved in
the escape of the host's immune response. The
present study revealed the direct association of
seropositivity to T. canis and A. lumbricoides with
the level of eosinophils and immune antibodies.
Interestingly, the level of immune antibodies was
significantly higher in persons with weak blood
groups A and B antigens. Immune antibodies
showed a negative association with erythrocytes
and hemoglobin. Similarly, the negative association
with erythrocytes and hemoglobin was revealed for
IgG antibodies to T. canis and A. lumbricoides.
Human beings are confronted with microbial and

parasite  ABO blood group-like antigens and
develop an immune response against pathogens
without affecting their blood group antigens. It has
been shown that anti-A and anti-B specific IgG may
develop as natural antibodies and may be found in
all persons lacking A or B antigens. It has been
revealed that IgG and IgM antibodies reactive with
autologous A and B antigens are present in normal
serum. This autoantibody activity to A and B
antigens has been reported to be controlled by
antibodies complementary to the V regions of
autoantibodies. Since IgM antibodies are reported
to be eliminated by heat inactivation, the immune
antibodies in the present study were detected using
the heated serum (29-31).

This study complements existing data on the
association of blood group antigens with parasite
antigens (32). Our findings indicate, that T. canis
and A. lumbricoides share similar to human blood
group antigens glycoproteins and may initiate the
production of immune group-specific antibodies.
Since immune antibodies tend to disappear as the
antigenic stimulus decreases, the quantitative
determination of these antibodies would allow the
evaluation of the treatment efficacy.

Monitoring the level of immune antibodies in
persons with seropositivity to T. canis and A.
lumbricoides might reflect the dynamics of
hematological and biochemical parameters in
persons with bone and joint pathology. The blood
group antigens will continue to be used as a major
tool in the investigation of the causative agents for
diseases, whether they are viral, bacterial, or
parasitic in nature.

Conclusion

Individuals with blood group B are predisposed to
infection with T. canis, whereas persons with blood
group A and weak expression of B antigen are
susceptible to infection with A. lumbricoides. The
production of immune group-specific antibodies
caused by parasitic infection negatively affects
hematopoiesis. Therefore, the determination of
group-specific immune antibodies can be used as a
method for assessing the impact of parasitic
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infection on hematological and biochemical
parameters in individuals with seropositivity for T.
canis and A. lumbricoides.

Acknowledgements

The authors would like to thank all institutions and
individuals, who have contributed to the completion
of this work. We hope this work inspires further
advancements in the academic community.
Conflict of interest

There are no conflicts of interest.

Ethics approval

The study was approved by the Ethical Committee
of Kharkiv National Medical University
(Institutional approval N 5, 26. 01. 24). Informed
consent was obtained from all the participants. The
study adhered to the ethical guidelines of the
Declaration of Helsinki.

References

1. Vakhidova AM, Khudoyarova GN. The value of
the blood group in echinococcosis. Teikyo Med
J. 2023; 46(2):7611-7616. [Internet]. Available
from: https://www.teikyomedicaljournal.com.

2. Moulds JM, Moulds JJ. Blood group associations
with parasites, bacteria, and viruses. Transfus
Med Rev. 2000; 14 (4): 302-311.
https://doi.org/10.1053/tmrv.2000.16227

3. Abd F, Al-khayat F. Correlation between ABO
Blood Group Expression and The Giardiasis
Infection in Human. 2023. Res J Pharm Biol
Chem Sci. 2023; 8(2):2228-2237. [Internet].
Available from:
https://www.google.com/url?sa=t&source=we
b&rct=j&opi=89978449&url=https://www.res
earchgate.net/publication/366958449 Correlati
on_between_ABO_Blood_Group_Expression_
and_The_Giardiasis_Infection_in_Human&ve
d=2ahUKEwiNg8PGnLCOAxXUpFhAIHQ3EB
owQFnoECCwWQAQ&usg=AOvVaw2z8Mgyk
KjnZYJCUBXk1030

4. el-Ganayni GA, Attia RA, Motawea SM. The
relation between ABO blood groups, HLA
typing and giardiasis in children. J Egypt Soc
Parasitol. 1994; 24(2):407-12. PMID: 8077760

5. Yadav SN. Human helminthes intestinal parasites
of Morang district Nepal. Nepal EEE J Biosci.

2013; 3(1):75-77.
http://doi.org/10.3126/njbs.v3i1.41450

6. Rammeh RS, Romdhane E. Parasitic Bone and
Joint Infections. Histopathology of Bone and
Joint Infections, Cham, Switzerland, Springer.
2024. 187p. https://doi.org/10.1007/978-3-031-
54888-8 12

7. Mizuoti O. On the Type Substance of Ascaris
Lumbricoides in Relation to the Blood Types of
Human Hosts. Part 2. Okayama lgakkai Zasshi.
1958; 70 (11): 3989-3992. [Internet]. Available
from:
https://lwww.google.com/url?sa=t&source=we
b&rct=j&opi=89978449&url=https://scienceon
Kkisti.re.kr/srch/selectPORSrchArticle.do%3Fc
n%3DNART90519631&ved=2ahUKEwiRvoL
w-6-
OAXWmMHhAIHUUEIW8QFnoECCsQAQ&uUS
g=AO0vVaw3RhtcwfXK7spwgDyLzDAUy

8. Khoo KH, Maizels RM, Page AP, Taylor GW,
Rendell N, Dell A. Characterisation of
nematode glycoproteins: the major O-glycans
of Toxocara excretory secretory antigens are
methylated trisaccharides. Glycobiology. 1991;
1 163-171.
https://doi.org/10.1093/glycob/1.2.163

9. Ponce-Leon P, Valverde J.  ABO System:
molecular mimicry of Ascaris lumbricoides.
Rev Inst Med Trop Sao Paulo. 2003; 45(2): 107-
108. https://doi.org/10.1590/s0036-
46652003000200011

10. Kim MS, Jin Y, Woo SJ. Organ-specific
Toxocara canis larvae migration and host
immune response in experimentally infected
mice. Parasites Hosts Dis. 2024; 62(2): 243-
250. https://doi.org/10.3347/PHD.23125

11. Mubarak AG, Mohammed ES, Elaadli H,
Alzaylaee H, Hamad RS, Elkholy WA, et al.
Prevalence and risk factors associated with
Toxocara canis in dogs and humans in Egypt: A
comparative approach. Vet Med Sci. 2023;
9(6): 2475-2484.
https://doi.org/10.1002/vms3.1228

12. Shanawany EEE, Hassan SE, Abdel-Rahman
AA, Abdel-Rahman EH. Toxocara vitulorum
cuticle glycoproteins in the diagnosis of calves'
toxocariasis. Vet World. 2019; 12(2): 288-294.
https://doi.org/10.14202/vetworld.2019.288-
294

13. Schabussova I, Amer H, van Die I, Kosma P,
Maizels RM. O-methylated glycans from




996 Grigorovich et al.

Journal of Zoonotic Diseases, 2025, 9 (4): 988- 997

14.

15.

16.

17.

18.

19.

Toxocara are specific targets for antibody
binding in human and animal infections. Int J
Parasitol. 2007; 37(1):97-1009.
https://doi.org/10.1016/j.ijpara.2006.09.006
Buchs JP, Maillard H, Nydegger U. Anti-A/B-
IgM/G-Immunantwort auf A-0-Fehltransfusion
und auf Toxocara-canis-Infestation [Anti-A/B-
IgM/G immune response to accidental A-O
transfusion and to Toxocara canis infestation].
Schweiz Med Wochenschr. 1991;121(10):347-
50. [Internet]. Available from:
https://www.google.com/url?sa=t&source=we
b&rct=j&opi=89978449&url=https://pubmed.
ncbi.nlm.nih.gov/2028238/&ved=2ahUKEwiw
98D-
nbCOAXVVGBAIHWCTNL8QFNOECCWQA
Q&usg=A0vVawlAnNYMSosGhFdmEDIxZ
Vp4

Page AP, Rudin W, Maizels RM. Lectin binding
to secretory structures, the cuticle and the
surface coat of Toxocara canis infective larvae.
Parasitology. 1992; 105 (Pt 2): 285-296.
https://doi.org/10.1017/s0031182000074217.
van Die I, Cummings RD. Glycan gimmickry

by parasitic helminths: a strategy for
modulating the host immune response?
Glycobiology. 2010; 20(1):2-12.

https://doi.org/10.1093/glycob/cwp140

Ponce De Leon P, Valverde J, Zdero M.
Aloantibodies ABO in patients with ascariasis.
Rev Inst Med Trop Sao Paulo. 2000;42(5):297-
8. https://doi.org/10.1590/s0036-
46652000000500012

World Health Organization. Guidelines and
Principles for Safe Blood Transfusion Practice
- Module 3: Blood Group Serology. 2009. 145
p. [Internet]. Available from:
https:/www.google.com/url?sa=t&source=we
b&rct=j&opi=89978449&url=https://mwww.wh
o.int/publications/m/item/guidelines-and-
principles-for-safe-blood-transfusion-practice--
-module-3-blood-group-
serology&ved=2ahUKEwjhpuLInrCOAXWFg
SoKHaRwEpoQFnoECBAQAQ&usg=A0vVa
w2yiAG-MJUA3V_9hK97LxoK

Issitt PD, Anstee DJ. Applied blood group
serology. 4th ed. Durham, N.C.: Montgomery
Scientific Publications. 1998. [Internet].
Available from:
https://www.google.com/url?sa=t&source=we
b&rct=j&opi=89978449&url=https://archive.o

20.

21.

rg/details/appliedbloodgrou0000issi_ed04&ve
d=2ahUKEwj6nuX8vLKOAXxVbFxAIHcqvLw
kQFNoECCUQAQ&uUsg=A0vVawl199 F-
yKHg2bLPM-pkqvgK

Langenfeld NJ, Payne LE, Bugbee B.
Colorimetric determination of wurea using
diacetyl monoxime with strong acids. PL0S
One. 2021; 16(11): €0259760.
https://doi.org/10.1371/journal.pone.0259760
Toora BD, Rajagopal G. Measurement of
creatinine by Jaffe's reaction--determination of
concentration of sodium hydroxide required for
maximum color development in standard, urine
and protein free filtrate of serum. Indian J Exp
Biol. 2002; 40(3): 352-354. [Internet].
Available from:
https://www.google.com/url?sa=t&source=we
b&rct=j&opi=89978449&url=https://pubmed.
ncbi.nlm.nih.gov/12635710/&ved=2ahUKEwj
XpSOTOLCOAXXZIhAIHQ_YENOQFnoECC
YQAQ&uUsg=A0vVaw0OR7Ki0JI8ruUzZV0z72
b9pF

22. Otto-Slusarczyk D, Grabon W, Mielczarek-Puta

23.

24,

25.

26.

M.  Aminotransferaza
kluczowy enzym w metabolizmie
ogblnoustrojowym  czlowieka  [Aspartate
aminotransferase--key enzyme in the human
systemic metabolism]. Postepy Hig Med Dosw
(Online). 2016; 70:219-30. Polish.
https://doi.org/10.5604/17322693.1197373
Cunningham KT, Mills KHG. Modulation of
haematopoiesis by protozoal and helminth
parasites. Parasite Immunol. 2023;
45(12):212975.
https://doi.org/10.1111/pim.12975

Zhan B, Ajmera R, Geiger SM, Gongalves
MTP, Liu Z, Wei J, et al. Identification of
immunodominant antigens for the laboratory
diagnosis of toxocariasis. Trop Med Int Health.
2015; 20(12): 1787-1796.
https://doi.org/10.1016/j.ijpara.2019.03.004
Soulsby EJL, Coombs RRA. Studies on blood
group substances associated with Ascaris
lumbricoides. Parasitology. 1959;49(3-4):505-
510.
https://doi.org/10.1017/S0031182000027049
Degarege A, Yimam Y, Madhivanan P, Erko B.
The relationship between helminth infections
and low haemoglobin levels in Ethiopian
children with blood type AB. J Helminthol.

asparaginianowa--




997 Grigorovich et al.

Journal of Zoonotic Diseases, 2025, 9 (4): 988- 997

27.

28.

29.

30.

2017, 91(3): 278-283.
https://doi.org/10.1017/S0022149X16000286
Prouty JL. The production of agglutinins in
responce to Antigens of Ascaris lumbricoides
Var suum. Proe La Acad. 1963; 70: 428-437.
[Internet]. Available from:
https://scholarworks.uni.edu/pias/vol70/iss1/70
. [Accessed 4th July 2025].
Ponce-Leon P, Foresto P, Valverde J. H antigen
presence in an Ascaris lumbricoides extract.
Rev Inst Med Trop Sao Paulo. 2005; 47(3): 159-
160. https://doi.org/10.1590/s0036-
46652005000300008
Dielievska V, Korzh M, Leontieva F, Ashukina
N, Borzova O. A clinical Case of Weak A
Antigen on the Erythrocytes in a Person with
Coexistent Anti-A Antibodies. Arch Razi Inst.
2020; 75(2): 257-265.
https://doi.org/10.22092/ari.2020.341761.1439
Al-Muzairai 1A, Mansour M, Almajed L,
Alkanderi N, Alshatti N, Samhan M. Heat

31.

32.

inactivation can differentiate between IgG and
IgM antibodies in the pretransplant cross match.
Transplant Proc, 2008; 40(7): 2198-2199.
https://doi.org/10.1016/j.transproceed.2008.07.
045

Ozen M, Yilmaz S, Ozkan T, Ozer Y, Pekel AA,
Sunguroglu A, et al. Incomplete Antibodies
May Reduce ABO Cross-Match
Incompatibility: A Pilot Study. Turk J
Haematol. 2018; 35(1): 54-60.
https://doi.org/10.4274/tjh.2016.0504
Ponce-Ledn P, Foresto P, Valverde J. Ascaris
lumbricoides: heterogeneidad en la expresion
de epitopes ABO. Invest Clin. 2006; 47(4): 385-
393. [Internet].  Available  from:
http://ve.scielo.org/scielo.php?script=sci_arttex
t&pid=S0535-

51332006000400007 &Ing=en&nrm=iso. ISSN
0535-5133.




