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ABSTRACT

Data about bovine trypanosomiasis and its causes in Nineveh Governorate and Iraq are
limited. In relation to the origin of cattle, trypanosomes have never been discovered before
through molecular study. Blood samples from 221 cattle were examined by microscopy and
conventional polymerase chain reaction (PCR) assays in different areas of Nineveh
Governorate, Iraq, from October 2023 to August 2024. The Sanger sequencing method was
used to sequence the PCR product of the positive samples, which were delivered to Psomagen
in the USA. The study detected Trypanosoma in 12.22% by microscopy and 20.81% by using
conventional PCR, with significant increases in the PCR assay. Regarding the risk factors for
animals (gender, age, and breed) from Positive samples of the PCR assay, significant
increases at the level (P<0.05) were recorded in female groups 31.34%, age (>2 years)
25.52% and imported breed 26.83%. Trypanosoma vivax was the predominant species in the
study area. The genetic sequencing findings were saved as text files in the FASTA format.
Selected strains were submitted to NCBI's GenBank for registration and the acquisition of
unique accession numbers, LC830952.1 for 7. congolense, LC830948.1 for T. vivax and
LC830954.1 for T. brucei. The percentage of similarity to the nucleotide sequence of the
strains that were diagnosed in the study, when BLAST was performed in the database,
compared to the nucleotide sequences of the international strains, which were identified
during this study and which were used for the purpose of constructing the genetic
phylogenetic tree. The results showed that there was a variation in similarity rates between
the local isolates and other strains, which was limited to countries on the African continent.
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INTRODUCTION

Among the most serious infectious
diseases that affect both humans and
animals is trypanosomiasis, caused by the
protozoan parasite Trypanosoma, and the
tsetse fly is the primary biological vector
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that spreads the disease. One of the most
significant global diseases that lowers
output, particularly in African animals, is
trypanosomosis. As a result, it may reduce
the amount of land used to feed the
unexpected population growth. (Jaiswa et
al., 2015; Giordani et al., 2016). The illness
poses a serious risk to both humans and
farm animals worldwide, but especially in
Africa, South America, and Asia. (Jackson
et al., 2009). Trypanosoma brucei brucei,
Trypanosoma vivax, and Trypanosoma
congolense in cattle, and Trypanosoma
evansi in horses, cattle, camels, and water
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buffaloes, are the most significant
trypanosomes that impact livestock.
(Giordani et al., 2016).

Trypanosomiasis's primary clinical

symptoms include weight loss, severe
anaemia, decreased appetite, decreased
productivity, emaciation, stress, infertility,
and abortion. Some animals may also die
from acute illness. (Osorio ef al., 2008; Al-
Qayim et al., 2021; Ukwueze et al., 2022).
In subclinical or chronic infections, the
illness can be fatal if treatment is not
received, making diagnosis and
management more difficult. (Majekodunmi
etal, 2013).

The study's goals were to ascertain the
genetic diversity among the trypanosomes
found in cattle in the Nineveh Governorate,
Iraq, as well as the prevalence and risk
factors related to bovine trypanosomiasis.

MATERIALS AND METHODS

Samples and data collection

Two hundred twenty-one cattle were chosen
at random from several locations in the
Nineveh Governorate, Iraq, from October
2023 to August 2024for this investigation.
Instead of Sml of blood were collected from
jugular vein of each animal with different
ages, sex, and breed under aseptic
conditions, each blood sample was divided
into two EDTA tubes, one tube stored in 4°
C to be used for microscopic examination
and the other tube stored in -20° C for
molecular assay, based on the information
provided by the animal owners, case history
data was gathered.

Microscopic Examination

To detect the parasite, blood samples were
analyzed using a light microscope with
1000x power after being routinely
examined under a microscope for stained
blood smears (wet, thin, thick, and bufty
coat layer smears). Microscopically,
twenty-seven samples were positive.
(Bowman, 2014).

DNA extraction and PCR protocol

A Qiagen DNA blood extraction kit was
used to extract DNA from the entire blood
sample; the procedure was carried out
according to the manufacturer's
instructions. In  this  investigation,
trypanosome DNA was detected using
primers based on internal transcribed
spacers (ITS). To amplify PCR products at
518 bp, Bioneer, South Korea, supplied a
set of primers consisting of ITS1- CF
(5'CCGGAAGTTCACCGATATTG-3") and
ITS1- BR (S'TTGCTGCGTTCTTCAA-
CGAA-3"). Tablel.A ready-to-use PCR kit
(Bioneer, South Korea) was used to prepare
the PCR master mix, which had a final
volume of 20 pL. An initial denaturation
stage of 95°C for 6 minutes, 35 cycles of
95°C for 90 seconds, 58°C for 90 seconds,
72°C for 120 seconds, and a final extension
step of 72°C for 5 minutes were all part of
the PCR reaction that was carried out in a
thermal cycler (Bio-Rad, USA). The final
PCR products were separated by
electrophoresis, stained with ethidium
bromide, and viewed under Gel
Documentation after being examined in a
2% agarose gel using a 100-1200 bp DNA
ladder (New England Biolabs Inc., NEB,
England). (Njiru et al., 2005).

Table 1: The amplification conditions and PCR primers utilized in this investigation

Taxa Band Target Specific  Primer sequence (5' -3') Reference
size gene primers

1. congolense 700 ITS1 ITSICF CCGGAAGTTCACCGATATTG (Njiru et al.,

savannah ITS1 BR TTGCTGCGTTCTTCAACGAA 2005)

T. congolense 710

forest

T. congolense kilifi 620

T brucei 480

T vivax 250
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Sequencing DNA and adding it to
GenBank:

The Sanger sequencing method was used to
sequence the PCR product of the positive
samples, which was delivered to Psomagen
in the USA. In short, the matching primer
was sent with 25 ul of the target gene's PCR
product. Sequencing results were saved as
text files in the FASTA format. A particular
accession number was obtained by
registering the chosen strains with
GenBank, NCBI.

Phylogenetic analysis: For sequencing,
pure PCR products were shipped to the
USA. The UPGMA method was used to
perform a phylogenetic tree analysis
between local trypanosome isolates and
NCBI Blast-provided trypanosome species,
and the isolates' species identification was
reported to NCBI-GenBank.

Statistical analysis: All of the data were
tabulated and analyzed using SPSS (version
23). The study's findings were statistically
analyzed using the Chi-Square test, which
was utilized to find significant differences
at a P<0.05 level. (Petrie and Watson,
2006).

RESULTS

In total, 221 blood samples of cattle were
examined by microscopy and conventional
PCR assays in different areas of Nineveh
Governorate. Trypanosoma prevalence
obtained by using microscopy was 27/221
(12.22%), while the results were 46/221

(20.81%) by using conventional PCR, with
significant increases in PCR assay (Table 2,
Figure 1).

Table 2: Comparison between Microscopic
and PCR results of Trypanosoma
infection in cattle

Test No. of  Positive Prevalence
samples samples (%)
Microscopic 221 27 12.22
results
PCR results 221 46 20.81 *
* Denotes statistical significance at level
(P<0.05).
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Figure 1: Positive blood film stained with
Giemsa and examined by microscopy
under oil immersion (1000x%)

The relationship between positive PCR
results and animal risk factors (gender, age
and breed) showed significant increases at
the level (P<0.05) in female groups 21/67
(31.34%), age (>2 years) 37/145 (25.52%)
and imported breed 33/123 (26.83%), Table

3).

Table 3: The relationship between positive PCR results and animal risk factors

Risk factor Group No. of samples  Positive samples Prevalence (%)
Gender Male 154 25 16.23
Female 67 21 31.34 *
Age / Year <1 76 9 11.84
>) 145 37 25.52 *
Bread Local 98 13 13.27
Imported 123 33 26.83 *

* Denotes statistical significance at level (P<0.05).
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We identified three species of Trypanosoma
by using conventional PCR, including
Trypanosoma vivax, T. congolense, and T.
brucei, which accounted respectively for
(76.09%), (6.52%) and (4.35%). In contrast,

mixed infection with different
Trypanosoma species was detected at a rate
of 13.04%. Trypanosoma vivax was
significantly higher than the other species.
(Table 4, Figure 2)

Table 4: Prevalence of Trypanosoma species in cattle

Trypanosoma species

Positive samples

Prevalence (%)

Trypanosoma vivax 35 76.09 *
1. congolense 3 6.52
T brucei 2 4.35
Mixed infection 6 13.04
Total 46 100.00

* Denotes statistical significance at level (P<0.0001).

M i

2 34 5 6

e RF G

10 11 12 13 14 15

Figure 2: Amplification of ITS1-CF and ITS1-BR primers, M=marker, 1,2,3,4 ,6,8-13 positive to
T vivax (250 bp). 5,7 mixed infections with 7. vivax (250 bp), T. brucei (480 bp) and
T. congolense (700 bp). 14,15 negatives to Trypanosoma.

Sequencing DNA and adding it to
GenBank:

The Sanger sequencing method was used to
sequence the PCR product of the positive
samples, which were delivered to
Psomagen in the USA. In short, the
matching primer was sent with 25 pl of the
target gene's PCR product. Sequencing
results were saved as text files in the FASTA
format. A particular accession number was
obtained by registering the chosen strains
with GenBank, NCBI. According to the
findings of the Trypanosoma 18S rRNA,
ITSI, and 5.8S rRNA gene genetic
sequencing, there was a genetic sequence
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present in the cattle samples from Mosul.
Only three isolates were identified from the
total samples submitted for genetic
sequencing; these isolates were listed in
GenBank under the serial numbers
LC830952.1 for T congolense,
LC830948.1 for 7. vivax and LC830954.1
for T. brucei. The multiple sequence
alignment of the Trypanosoma gene
revealed: Common, variable, and missing
regions within the sequences, such as for the
other local strain, and constant regions of
the nucleotide base sequence of the gene for
the local strain.
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Table 5: Relationship of GenBank LC830952.1 of T. congolense in cattle with the world GenBank

ASciIeI;ls)ilsn Parasite Query Identic g::e]::il(l)l; Country
Identified Cover %  Number % Identification
Number Number
98 98.65 MG255203.1 Cameron
98 89.1 U22315.1 Kenya
98 89 MG283145.1 Cameron
94 89.4 JN673389.1 Tanzania
LC830952.1 T. congolense 3 20 2 MZ147876.1 Chad
93 88.6 MZ147877.1 Chad
93 88.1 OK483225.1 Rwanda
94 87.6 JN673388.1 Tanzania
Results of the molecular nucleotide As for the strain under the name

sequence of the 18S rRNA, ITS1, 5.8S:

rRNA gene of the T. congolense in the
database: The results showed the presence
of gene sequences that have a percentage of
similarity to the nucleotide sequence of the
strains that were diagnosed in the study
when BLAST was performed in the
database compared to the nucleotide
sequences of the international strains,
which were identified during this study and
which were used for the purpose of
constructing the genetic phylogenetic tree.
The results showed that there was a
similarity rate between the local isolates
bearing the registration number in GenBank
LC830952.1 where the highest similarity
rate was reached. 98.65% with the strain
registered in the World GenBank under the
name MG255203.1 and isolated in
Cameron, followed in terms of similarity by
the strain under the genetic name U22315.1,
reaching 89.1% and also isolated in Kenya.

MG283145.1 in the GenBank (Table 5).

Results of the molecular nucleotide
sequence of the 18S rRNA, ITS1, 5.8S:
The results showed the presence of gene
sequences that have a percentage of
similarity to the nucleotide sequence of the
strains that were diagnosed in the study
when BLAST was performed in the
database, compared to the nucleotide
sequences of the international strains,
which were identified during this study and
which were used for the purpose of
constructing the genetic phylogenetic tree.
The results showed that there was a
similarity rate between the local isolates
bearing the registration number in GenBank
(LC830948.1), where the highest similarity
rate was reached 100% with the strain
registered in the World GenBank under the
names MK&880189.1, MK&880188.1,
U22316.1 isolated in Kenya, and other
strains isolated from Africa, Tanzania and
Burkina Faso (Table 6).

Table 6: Relationship of GenBank LC830952.1 of 7. vivax in cattle with the world GenBank

Sample Quer Identic GenBank Countr
Accession Parasite Identified y Number Accession . y .

Cover % Identification
Number % Number

100 100 MKS880189.1 Kenya

100 100 MN213748.1 Africa

100 100 MK880188.1 Kenya

) 100 100 U22316.1 Kenya

LC830948.1 T vivax

100 100 PP210926.1 Tanzania

100 100 MN213747.1 Africa

100 99.5 KM391827.1 Ethiopia

94 100 JX910371.1 Burkina Faso
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Results of the molecular nucleotide
sequence of the 18S rRNA, ITS1, 5.8S:
rRNA gene of the 70 brucei in the database:
The results showed the presence of gene
sequences that have a percentage of
similarity to the nucleotide sequence of the
strains that were diagnosed in the study
when BLAST was performed in the
database compared to the nucleotide
sequences of the international strains,
which were identified during this study and
which were used for the purpose of

constructing the genetic phylogenetic tree.
The results showed that there was a
similarity rate between the local isolates
bearing the registration number in GenBank
(LC830954.1) where the highest similarity
rate was reached 98.4% with the strain
registered in the World GenBank under the
names AF306774.1 and AF306775 isolated
in Sudan, followed in terms of similarity by
the strain under the genetic name
AF306776, reaching 98.2% and also
isolated in Sudan (Table 7).

Table 7: Relationship of GenBank LC830952.1 of 7. brucei in cattle with the world GenBank

iilclgs,?igon Parasite Query Identic fg&:?;l; Country
Identified Cover % Number % Identification

Number Number

100 98.4 AF306774.1 Sudan

100 98.4 AF306775 Sudan
LC830954.1 T brucei 100 98.2 AF306776 Sudan

100 98.2 AF306777 Sudan

99 97.9 MZ151468 Uganda

The results of the study showed that the
phylogenetic tree that was constructed
showed that the 18S rRNA, ITS1, 5.8S
rRNA gene for the three genotypes that
were isolated during the study possessed
phylogenetic and evolutionary chara-
cteristics with the recorded genotypes, as
the percentage of evolutionary relationship
ranged from 99.3-100%, knowing that the
strains that have characteristics similar to
the local strains declined among Africa,
Cameron, Sudan, Uganda, Tanzania, and
Ethiopia.

DISCUSSION

African animal trypanosomiasis is a disease
that impacts all domestic animals, harms the
cattle sector in many nations worldwide,
and results in significant financial losses.
Therefore, attention has been paid in many
countries of the world, as well as countries
of the African continent, to diagnosing the
disease, given that the disease is considered
an emergency disease, and because the
symptoms of trypanosomiasis in host
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mammals can be confused with those of
several blood parasites or even other
livestock illnesses, making a clinical
diagnosis challenging. Therefore,
laboratory diagnostic procedures are crucial
for confirming suspected cases during
epidemiological surveys, enabling the
detection of the parasite in hosts and vectors
(Okello et al., 2022).

At the PCR level, the total prevalence was
substantially higher than the microscopy
level (P<0.05). This was anticipated, given
that molecular techniques are known to
have a higher sensitivity, as previously
documented by (N'Djetchi et al, 2017,
Shaeel et al., 2020).

Microscopic analysis of the blood smear
techniques (wet, thin, thick, and buffy coat
layer smears) revealed that 12.22% of cattle
tested positive for Trypanosoma spp. Our
results exceeded those of earlier research
conducted on Iraqi cattle, which showed a
prevalence rate of 3.33% for 7. congolense
infection (Hasan, 2012) and 3.33% of
infection with T. theileri and T. cf. cervi
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(Shaeel et al., 2020). It also exceeds the
6.6% of infection with Trypanosoma evansi
in Aswan, Egypt (Adel et al,, 2019), and
10.3% of infection with Trypanosoma spp.
in Somalia (Osman ef al., 2023). However,
it was lower than the rate reported in the
Gamo Zone, southwestern Ethiopia, which
was 19.1% for T congolense and T. vivax
(Tsolo et al., 2024).

According to the PCR assay, 20.81% of the
cattle in this study tested positive for
Trypanosoma spp., which is consistent with
earlier research that found a prevalence of
21.04% in Mosul, Iragq. (Mahmood and
Alobaidii, 2022), 22.31% in Coéte d'Ivoire
(Kouadio et al., 2014) and 23.8% in
Somalia (Hassan-Kadle et al, 2020).
However, our finding is higher than that
reported in Wasit Province/Iraq (9.33%)
(Shaeel et al., 2020), but it is lower than that
reported in Uganda (29.6%) (Kizza et al.,
2021) and Sudan (57.7%) (Osman et al.,
2016). The variation in prevalence observed
in different countries demonstrates that it is
typical for trypanosomiasis incidence rates
to vary throughout different biological
zones and at different seasons within the
same nation. Therefore, climatic differences
in the survival of the parasite and the vector
can be impacted by various geographic
locations and  husbandry = measures
(Kouadio et al., 2014).

In this study, females were significantly
more infected than males; this study agrees
with earlier research (Shaeel et al., 2020;
Kizza et al., 2021; Mahmood and Alobaidii,
2022). Although the exact causes are
unknown, the females' frequent pregnancies
and milking may have put them under much
stress. Moreover, farmers often neglect the
management of females, as many focus on
the health of males, who are primarily
employed as a source of meat or for natural
insemination.

When considering age as a risk factor, we
found that animals older than two years had
a higher prevalence of trypanosomiasis than
animals younger than one year. Files
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(Vectors) are more attracted to adult cows
because they produce more odor plumes
than calves (Simukoko et al., 2007). It is
believed that an animal's ability to fend off
infection from the same pathogens is
enhanced by the presence of active
immunity, which develops with age as a
result of recurrent exposure to the pathogen.
While maternal immunity is crucial for
preventing illnesses during the first six to
twelve months of life, this type of passive
immunity drastically declines beyond the
age of one year (Flynn and Sileghem, 1994;
Niewiesk, 2014).

The results indicated that imported breeds
were significantly higher than local breeds.
The variation in results between the various
breeds in the current study might be
connected to variations in management
and/or genetics. The inherent evolutionary
benefit of environmentally adapted breeds
must be taken into consideration when
evaluating the significance of resistance/
tolerance at the breed level. Due to their
evolutionary origins, locally adapted,
independent breeds possess a significantly
higher degree of genetic resistance and
adaptation than imported breeds, which are
commonly found in tropical locations
where endemic illnesses are prevalent
(Jovanovi¢ et al., 2009).

In Iraqi cattle, Trypanosoma brucei and T.
congolense (Al-Badrani, 2012), 7. vivax
(Rhaymah & Al-Badrani, 2012) and T
theileri and T. cervi (Shaeel et al., 2020)
were reported in previous studies. In this
study, the results indicated that
Trypanosoma  vivax  (76.09%), I
congolense (6.52%) and the Trypanosomes
that were disseminated in the research
region were 1. brucei (4.35%). According to
the study, Trypanosoma vivax was the most
common species in the Nineveh
Governorate. This is consistent with
research findings that indicate 7. vivax is
more common in many nations worldwide
(Thumbi et al., 2008; Fentahun et al., 2012;
Aki et al., 2016; Ekra et al., 2023; Santos et
al., 2024). The study area (Nineveh
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Governorate) and all Iraqi provinces are
free from the biological vector (tsetse flies).
In contrast, its capacity to adapt and
establish itself in the tsetse fly-free zone
may be a contributing factor to the high
prevalence of 7. vivax in the studied area
(Fentahun et al., 2012). Moreover, it may be
transmitted by mechanical vectors (biting
flies). It may also be related to the
prevalence of mechanical vectors (such as
Stomoxys and tabanid flies) in this region
and their capacity to disseminate the illness.
The study results also indicated a mixed
infection with two or three species of
Trypanosomes, with a ratio of 13.04%. The
presence of mixed infections of parasites
focuses attention on epidemiologists, who
must concentrate on specific species to
identify various illnesses caused by
different parasites and genotypes within
species that are typical in the field (Cox,
2001).

According to the findings of the
Trypanosoma parasite's 18S rRNA, ITSI,
and 5.8S rRNA gene genetic sequencing,
samples from cattle in Mosul city included
a genetic sequence. Only three isolates out
of all the samples submitted for genetic
sequencing were discovered, and this
variance in the similarity rate reflects the
parasite's genetic diversity, which is caused
by genetic alterations and mutations
(Morenikeji et al., 2023). The various
sequence alignment results also revealed
that the gene included missing sections in
addition to constant, common, and variable
regions. These findings align with those
published by Kidambasi et al. (2020), who
suggested that variations in the isolation site
and environmental factors could be the
cause of the differences between the
isolated strains and the global strains.
(Ibrahim et al, 2021) said that the
nucleotide sequence of the virus is very
susceptible to producing genetic mutations,
which helps the parasite adapt throughout
infection to evade the immune response and
the formation of new strains. In several
nations around the world, there have been
outbreaks of novel diseases or emergency
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infections of varying severity. The study's
phylogenetic tree of the 18S rRNA, ITS1,
and 5.8S rRNA genes revealed that the three
strains belong to the same subgroup and are
among particular species listed worldwide
(Silbermayr et al., 2013). This association
provides unmistakable proof that these
animals are highly genetically related. In
addition, the study's isolated strains'
positions in the phylogenetic tree showed
genetic divergence between them (Agbo et
al., 2001). Geographical location may play
a part in the divergence and convergence of
local and global strains, which suggests that
they share a shared evolutionary origin
from a genetic perspective (Urakawa and
Majiwa, 2001). Therefore, through this
study, it becomes clear to us that the
existence of Trypanosoma and its threat to
cattle breeding, which is one of the main
reasons for its existence, is the need for
adequate control. This was done without
taking into account the dangerous genetic
strains that are present in the animals'
surroundings or the absence of a careful
hygiene program that is appropriate for the
parasite's spread and the severity of the
infections it causes (Kizza et al., 2021). As
regards cattle in Iraq, random importation is
carried out without strict quarantine
procedures  (Fikru et al, 2016).
Furthermore, our research has demonstrated
that the parasite exhibits recombinant
genetic strain patterns due to the presence
of multiple strains (Ngomtcho et al., 2017).
Additionally, one possible cause of the
parasite's repeated exacerbations is the
failure of veterinary clinics to employ anti-
protozoal medications.

CONCLUSIONS

According to the study, cattle in the
Nineveh Governorate were infected with
various species of Trypanosoma, with T.
vivax being the most common species.



Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 71 No. 187 October 2025, 458-469

ACKNOWLEDGMENT

We are grateful to the Veterinary Teaching
Hospital for their assistance in obtaining
samples and to the College of Veterinary
Medicine, University of Mosul, for their
financial support of this study.

CONFLICTS OF INTEREST

The authors of this publication declare that
neither the writing nor the data analysis had
any conflicts of interest.

REFERENCES

Adel E.AM.; ALSagher O.A.A.; Hassan
YAHM. and Mona A.S.A. (2019):
Clinical, Parasitological, Serological,
and  Molecular Diagnosis  of
Trypanosomiasis In Camels (Camelus
Dromedarius). Assiut Veterinary
Medical Journal, 65(160).
10.21608/avmmj.2019.168666

Agbo, E.C.; Majiwa, PA.; Claassen, E.J.
and Roos, M.H. (2001): Measure of

molecular diversity within the
Trypanosoma  brucei  subspecies
Trypanosoma brucei brucei and

Trypanosoma brucei gambiense as
revealed by genotypic
characterization. Experimental
parasitology, 99(3), 123-131.
https://doi.org/10.1006/expr.2001.46
66.

Aki, A.; Wogayehu, Y., Chirkena, K.,
Beyene, G.; Tekeba, E.; Teka, G. and
Dinede, G. (2016): Epidemiology of
cattle trypanosomosis and its vector
density in Bullen district. Int J
Vaccines Vaccin. 2(6), 11-12. DOI:
10.15406/ijvv.2016.02.00050

Al-Badrani, B.A. (2012): Clinical and
hematological study of Trypanosoma
brucei and Trypanosoma congolense
in cattle in Mosul city, Iraq.
http://www.roavs.com/pdf-
files/Issue 2 2012/92-97.pdf

Al-Qayim M.A.; Altaie, L.H. and Ghali, L.S.
(2021): The study of biogenic iron

466

oxide nanoparticles effects on iron
status in male rabbits infected with 7.
evansi. Iraqi J Vet Sci. 35(Suppl

[11):143-147. DOI: 10.33899/ijvs.
2021.132058.2039
Bowman, D.D. (2014): Georgis’

Parasitology for Veterinarians E-
Book. 10th Edition, Elsevier Health
Sciences, St. Louis, Missouri, USA.
358-369. ISBN: 9780323228190
Cox, FE. (2001): Concomitant Infections,
Parasites and Immune Responses.

Parasitology, 122, S23-S38.
http://dx.doi.org/10.1017/S00311820
0001698X

FEkra, J.Y.; N'Goran, E.K.; Mboera, L.E.;
Gragnon, B.G.; Assovié, K.R.N. and
Mafie, EM. (2023): Molecular
epidemiological survey of pathogenic
trypanosomes in naturally infected

cattle in northern Cote
d’ivoire. Parasites, Hosts and
Diseases, 61(2), 127. doi:

10.3347/PHD.22170

Fentahun, T.; Tekeba, M.; Mitiku, T. and
Chanie, M. (2012): Prevalence of
bovine trypanosomosis and
distribution of vectors in Hawa Gelan
district, Oromia region,
Ethiopia. Global ~ Veterinaria, 9(3),
297-302. DOI:  10.5829/idosi.gv.
2012.9.3.65152

Fikru, R.; Matetovici, I.; Rogé, S.; Merga,
B.; Goddeeris, B.M.,; Biischer, P. and
Van Reet, N. (2016): Ribosomal DNA
analysis of tsetse and non-tsetse
transmitted Ethiopian Trypanosoma
vivax strains in view of improved
molecular diagnosis. Veterinary
parasitology, 220, 15-22. https://doi.
org/10.1016/j.vetpar.2016.02.013

Flynn, J.N. and Sileghem, M. (1994):
Involvement of gamma delta T cells

in  immunity to trypanosomiasis.
Immunology., 83(1): 86.
https://pmc.ncbi.nlm.nih.gov/articles/
PMC1415023/

Giordani, F.; Morrison, L.; Rowan, T.; De
Koning, H.P. and Barrett, M.P.
(2016): The animal trypanosomiases
and their chemotherapy: a review.


https://doi.org/10.21608/avmj.2019.168666
https://doi.org/10.1006/expr.2001.4666
https://doi.org/10.1006/expr.2001.4666
http://www.roavs.com/pdf-files/Issue_2_2012/92-97.pdf
http://www.roavs.com/pdf-files/Issue_2_2012/92-97.pdf
http://dx.doi.org/10.1017/S003118200001698X
http://dx.doi.org/10.1017/S003118200001698X
https://doi.org/10.3347/PHD.22170

Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 71 No. 187 October 2025, 458-469

Parasitol. 143(14), 1-28. https://doi.
org/10.1017/S0031182016001268

Hasan, M.H. (2012): Diagnosis of some
blood parasites in cattle and sheep in
Mosul, Iraq.Iraqi  Journal of
Veterinary  Sciences, 26, 57-61.
10.33899/ijvs.2012.168714

Hassan-Kadle, A.A.; Ibrahim, AM.;
Nyingilili, H.S.;, Yusuf, A.A. and
Vieira, R.F. (2020): Parasitological
and  molecular  detection  of
Trypanosoma spp. in cattle, goats and
sheep in Somalia. Parasitology,
147(14), 1786-1791. https://doi.org/
10.1017/S003118202000178X

Ibrahim, M.A.M.; Weber, J.S.; Ngomtcho,
S.C.H.; Signaboubo, D.; Berger, P,
Hassane, HM. and Kelm, S. (2021):
Diversity of trypanosomes in humans
and cattle in the HAT foci Mandoul
and Maro, Southern Chad—A matter
of concern for zoonotic
potential? PLoS Neglected Tropical
Diseases, 15(6), e0009323.
https://doi. org/10.1371/journal. pntd.
0009323

Jackson, Y.; Myers, C.; Diana, A.; Marti,
H.P; Wolff, H.;, Chappuis, F. and
Gervaix, A. (2009): Congenital
transmission of Chagas disease in
Latin American immigrants in
Switzerland. Emerging infectious
diseases., 15(4): 601.
doi: 10.3201/eid1504.080438

Jaiswa, A.K.; Neha, V.S. and Verma, A.K.
(2015): Insight into Trypanosomiasis
in Animals: Various Approaches for
its Diagnosis, Treatment and Control:
A Review. Asian J. Anim. Sci. 9(5),
172-186. DOL: 10.3923/ajas.
2015.172.186

Jovanovié, S.; Savié, M. and Zivkovié, D.
(2009): Genetic variation in disease
resistance among farm
animals. Biotechnology in animal
husbandry, 25(5-6-1), 339-347.
https://doi.org/10.2298/BAH090633
9]

Kidambasi, K.O.; Masiga, D.K., Villinger,
J.; Carrington, M. and Bargul, J.L.
(2020): Detection of blood pathogens

in camels and their associated
ectoparasitic camel biting keds,
Hippobosca camelina: the potential
application of keds in xenodiagnosis
of camel haemopathogens. AAS
Open Research, 2, 164.
doi: 10.12688/aasopenres.13021.2
Kizza, D.; Ocaido, M.; Mugisha, A.; Azuba,
R.; Nalule, S.; Onyuth, H. and
Waiswa, C. (2021): Prevalence and
risk factors for trypanosome infection
in cattle from  communities
surrounding the Murchison Falls
National Park, Uganda. Parasites &
Vectors, 14:  1-7.  https://doi.org/
10.1186/s13071-021-04987-w
Kouadio, IK.; Sokouri, D.; Koffi, M.,
Konaté, I.; Ahouty, B.; Koffi, A. and
N’Guetta, S.P. (2014): Molecular
characterization and prevalence of
Trypanosoma species in cattle from a
northern livestock area in Cote
d’Ivoire. Open Journal of Veterinary
Medicine, 4(12), 314. DOI: 10.4236/
0jvim.2014.412038
Mahmood, M.S. and Alobaidii, W.A. (2022):
Molecular detection of Trypanosoma
species in sheep and goats in Mosul
city. Iraqi  Journal of Veterinary
Sciences, 36(2), 445-449. DOIL:
10.33899/1jvs.2021.130488.1835
Majekodunmi, A.O.; Fajinmi, A.; Dongkum,
C., Picozzi, K.; Thrusfield, M.V. and
Welburn, S.C. (2013): A longitudinal
survey of  African animal
trypanosomiasis in domestic cattle on
the Jos Plateau, Nigeria: prevalence,
distribution and risk factors. Parasites

and vectors., 6(1): 239.
https://doi.org/10.1186/1756-3305-6-
239

Morenikeji, O.B.; Metelski, J.L.; Grytsay,
A.; Soulas, J.; Akinyemi, M.O. and
Thomas, B.N. (2023): Molecular
genotyping reveals mixed bovine and
human trypanosomiasis in cattle from
West Africa. Veterinary World, 16(1),
149. doi: 10.14202/ vetworld.
2023.149-153

N’Djetchi, M.K.; Ilboudo, H.; Koffi, M.,
Kabore, J.; Kaboré, J.W.; Kaba, D.



https://doi.org/10.33899/ijvs.2012.168714
https://doi.org/%2010.1017/S003118202000178X
https://doi.org/%2010.1017/S003118202000178X
https://doi.org/10.3201%2Feid1504.080438
https://doi.org/10.2298/BAH0906339J
https://doi.org/10.2298/BAH0906339J
https://doi.org/10.12688/aasopenres.13021.2
https://doi.org/%2010.1186/s13071-021-04987-w
https://doi.org/%2010.1186/s13071-021-04987-w
http://dx.doi.org/10.4236/ojvm.2014.412038
http://dx.doi.org/10.4236/ojvm.2014.412038
https://doi.org/10.14202/vetworld.2023.149-153
https://doi.org/10.14202/vetworld.2023.149-153

Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 71 No. 187 October 2025, 458-469

and Jamonneau, V. (2017): The study
of trypanosome species circulating in
domestic animals in two human
African trypanosomiasis foci of Cote
d’Ivoire identifies pigs and cattle as
potential reservoirs of Trypanosoma
brucei gambiense. PLOS Neglected
Tropical Diseases, 11(10), €0005993.
DOI: 10.1371/JOURNAL. PNTD.
0005993

Ngomtcho, S.C.H.; Weber, J.S.; Ngo Bum,
E.; Gbem, TT, Kelm, S. and
Achukwi, M.D. (2017): Molecular
screening of tsetse flies and cattle
reveal different Trypanosoma species
including 7. grayi and T. theileri in
northern  Cameroon. Parasites &
Vectors, 10, 1-16. DOI
10.1186/s13071-017-2540-7

Niewiesk, S. (2014): Maternal antibodies:
clinical significance, mechanism of
interference with immune responses
and possible vaccination strategies.
Frontiers in immunology., 5: 446.
https://doi.org/10.3389/fimmu.2014.
00446

Njiru, Z.K.; Constantine, C.C.; Guya, S.;
Crowther, J.;,  Kiragu, J.M.;
Thompson, R.A. and Davila, A.M.R.
(2005): The use of ITS1 rDNA PCR
in detecting pathogenic African
trypanosomes. Parasitology
Research., 95(3): 186-192.
https://doi.org/10.1007/s00436-004-
1267-5

Okello, 1., Mafie, E.; Eastwood, G.;
Nzalawahe, J.; Mboera, L.E. and
Onyoyo, S. (2022): Prevalence and
associated risk factors of african
animal trypanosomiasis in cattle in
lambwe, Kenya. Journal of
Parasitology Research, 2022(1),
5984376. https://doi.org/ 10.1155/
2022/5984376

Osman, A.S.; Ali, A.M. and Ibrahim, A.M.
(2023): Camel Trypanosomiasis
“Dhukaan” in Lower Juba Region of
Somalia: Importance and
Microscopic ~ Survey. Journal  of
Applied Veterinary Sciences, §(4),
111-122.

468

DOI: 10.21608/javs.2023.229883.12
63

Osman, N.M.; Njahira, M.; Skilton, R.;
Ibtisam, A.G. and A/Rahman, A.H.
(2016): Molecular Detection of some
bovine trypanosome isolates from
different areas of Sudan. Sudan
Journal of Veterinary Research 31:9-
19.
http://www.sudanjvr.net/journal/1774
pdf

Osorio, A.R.; Madruga, C.R.; Desquesnes,
M.; Soares, C.O.; Ribeiro, L.R. and
Costa, S.D. (2008): Trypanosoma

(Duttonella) vivax: its biology,
epidemiology, pathogenesis and
introduction in the New World-a
review. Memorias do Instituto
Oswaldo Cruz., 103(1): 1-13.
https://doi.org/10.1590/S0074-
02762008000100001

Petrie, A. and Watson, P. (2006): Statistics
for Veterinary and Animal Science,
Second Edition. Ames: Blackwell
Publishing, 24-112. https://www.
cabidigitallibrary.org/doi/full/10.555
5/20073129131

Rhaymah, M.S.H. and Al-Badrani, B.A.
(2012): Clinical and diagnostic study
of trypanosomiasis of cattle in Mosul,
Iraq. http://www.roavs.com/pdf-
files/Issue 1 2012/23-26.pdf

Santos, C.L.; Barra, E.C.; Paredes, L.J.;
Barbosa, E.M.; Casseb, A.D. and
Silva, C.S. (2024): Hemoparasites
effect on interferon-gamma and
miRNA 125b expression in Bubalus
bubalis. [raqi Journal of Veterinary
Sciences, 38(1), 71-76. DOI:
10.33899/ijvs.2023.140402.3045

Shaeel, A.; Hussein, Z. and Al-Sadoon, Z.
(2020): Microscopic investigation
and molecular phylogeny of
trypanosomiasis in cattle of Wasit
province, Iraq. Plant. Arch., 20(1):
963-71.
HTTPS://PLANTARCHIVES.ORG/
SPECIAL%20ISSUE%2020-1/963-
971%20(150).PDF

Silbermayr, K., Li, F.; Soudré, A.; Miiller, S.
and Sélkner, J. (2013): Anovel gPCR



https://doi.org/10.3389/fimmu.2014.00446
https://doi.org/10.3389/fimmu.2014.00446
https://doi.org/%2010.1155/%202022/5984376
https://doi.org/%2010.1155/%202022/5984376
https://dx.doi.org/10.21608/javs.2023.229883.1263
https://dx.doi.org/10.21608/javs.2023.229883.1263
http://www.sudanjvr.net/journal/1774.pdf
http://www.sudanjvr.net/journal/1774.pdf
https://doi.org/10.1590/S0074-02762008000100001
https://doi.org/10.1590/S0074-02762008000100001
https://www/
http://www.roavs.com/pdf-files/Issue_1_2012/23-26.pdf
http://www.roavs.com/pdf-files/Issue_1_2012/23-26.pdf

Assiut Veterinary Medical Journal Assiut Vet. Med. J. Vol. 71 No. 187 October 2025, 458-469

assay for the detection of African Tsolo, A.; Kore, K. and Sheferaw, D. (2024):
animal trypanosomosis in Bovine  trypanosomosis,  vector
trypanotolerant and distribution and infection rate in three
trypanosusceptible cattle districts of Gamo Zone, southwestern
breeds. PLoS Neglected Tropical Ethiopia. Parasite Epidemiology and
Diseases, 7(8), e2345. doi: Control, 26. e00374.
10.1371/journal.pntd.0002345 https://doi.org/10.1016/j.parepi.2024.
Simukoko, H.; Marcotty, T., Phiri, I, 00374
Vercruysse, J. and Van den Bossche, Ukwueze, C.S.; Akpa, PO.; Odo, R.I;
P (2007): Heterogeneity in the Aronu, C.J. and Anene, B.M. (2022):
trypanosomosis incidence in Zebu The beneficial effects of resveratrol
cattle of different ages and sex on the supplementation on  parasitemia,
plateau of eastern Zambia. Acta oxidative  stress and  serum
tropica, 103(2), 98-101. biochemical parameters in
https://doi.org/10.1016/].actatropica. Trypanosoma brucei infected
2007.05.011 dogs. Iraqi  Journal of Veterinary
Thumbi, SM.; McOdimba, F.A.; Mosi, R.O. Sciences, 36(3), 753-760. DOIL:
and  Jung’a, J.O. (2008): 10.33899/ijvs.2022.131843.2009
Comparative Evaluation of Three Urakawa, T. and Majiwa, P (2001):
PCR Base Diagnostic Assays for the Physical and transcriptional
Detection of Pathogenic organization of the ribosomal RNA
Trypanosomes in Cattle Blood. genes of the savannah-
Parasites &  Vectors, 1, 46. type Trypanosoma congolense.
https://doi.org/10.1186/1756-3305-1- Parasitol Res 87, 431-438.
46 https://doi.org/10.1007/s0043601003
83

Gl (s g Addlaa & B Ly siln i £ i 0o Ausadl dlal) S

stead) daaf G g ¢ IS AL e g
A o sall (Jaa sall Diralas (5 skl alall A4S (A jeaall sl g 8

Email: waadkhalid@uomosul.edu.ig  Assiut University web-site: www.aun.edu.eg

V) Bl a 038 g B3 sama (31 yall s (o gt Adadlaa 8 Al 5 () L) ela oo 3 d skl iyl
0 ol Cliie and 5 Y1 jaliany Glats Lad S sall Cindl A (e il e G yal L o3y
ddadlase 8 dilise 3hlie 8 (PCR) 4l Judusiall 1 jaad) sall Jelds <l a5 jgaally dpile () YY)
el ZVY,YY Al jall il culy VoY g udased () YLYY S el OO G adl s i
ualusiall ) yead sl Jelds Hlaa) 85 5S ol ) ae (sl Jususiall ) e sl Jeli aladius 7Y+ AY
Do) Jelis Jdatl 4l el (e (ALl 5 el s (uiadl) 4l soad) laddl Jol 2 Blaty La
(B Y<) el 77,7 E QLY Gle gana B (P <0.05) (5t die 3y Glaly ) Jaaadi &5 ¢ Juduisiall
?3 Al ) dahia uﬁ L) &}d\ Y. Trypanosoma vivax OS5 LY T,AY BJJM\ Adly ZYo,0¥
GenBank () 5 bl Y3l Jlu ) &5 FASTA 4 dnai clileS ) Judusil) 5 e J gacasl)
s «T congolense 3 1LC830952.1 @axall Jpaddl il o Jsaslly Jill NCBI
il al€ gl Jualod & 4Ll Al 45 )& &3 77 brucei 4 LC830954.1 5 T vivax 4 LC830948.1
il gl gl 3l ae clilal) 32c @ e BLAST ¢ a) die 4l jall 8 Leandlds o5 Al 3Ll
Aoy shail) 450 ) 1 5 el ey o jad Lgaladiinal a3 5 Al all o2 £ LT a3 5 el gall coy DL
Jso oy )5 5 AN VDL g ddaall Y all (s CEDEAY) A 4l Jane 3 g 5 gliall <yl

Ay 3y sl

469


https://doi.org/10.1016/j.actatropica.2007.05.011
https://doi.org/10.1016/j.actatropica.2007.05.011
https://doi.org/10.1016/j.parepi.2024.e00374
https://doi.org/10.1016/j.parepi.2024.e00374
https://doi.org/10.1007/s004360100383
https://doi.org/10.1007/s004360100383
mailto:waadkhalid@
http://www.aun.edu.eg/

