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Abstract
African animal trypanosomosis (AAT) affects the livestock industry, impacting protein intake and herders’ livelihoods. 
Despite the presence of vector flies, livestock owners often rely solely on chemotherapy, with diminazene aceturate being a 
common choice, particularly among non-elite herders. Cattle herds were sampled during an outbreak and re-sampled 8 weeks 
post-treatment with diminazene aceturate (Nonazin®) in Ogun and Osun states, Nigeria. Initial sampling was conducted in 
October 2019 and January 2020 for farms A and B, respectively. A total of 316 cattle, comprising 20 males and 296 females, 
were sampled through convenient sampling of the entire herd. Nzi traps were deployed to capture Trypanosoma-transmitting 
vectors. Haematological parameters, microscopic, and molecular assessments were conducted. The total transmitting vectors 
captured averaged 3.74 fly/trap/day, with Stomoxys niger being the most captured biting fly. Post-treatment prevalence rates 
were 21.5% and 2.5% with PCR and thin blood smear, respectively, with Trypanosoma congolense and T. vivax being the spe-
cies detected by both diagnostic methods. The average parasitaemia before treatment was recorded at 1.95 × 104 ± 1.3 × 104, 
signifying a high parasitic infection, while post-treatment parasitaemia was 1.5 × 102 ± 1.4 × 102. The PCV, Hb, and RBC 
counts decreased, causing macrocytic normocytic anaemia before treatment, while post-treatment values suggested lower 
haemoglobin and MCH values with less-characteristic anaemia. Post-treatment trypanosome prevalence suggests the exist-
ence of Trypanosoma-resistant strains, potentially widespread in southwest Nigeria. The situation may be exacerbated by 
the abundance of biting flies during the dry season, leading to a high T. vivax prevalence.
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Introduction

Trypanosomes, known as extracellular protozoan parasites 
affecting mammals, are caused by various Trypanosoma 
species and transmitted through insect vectors—either 
biologically (tsetse fly) or mechanically (reduviid, taban-
ids, and Stomoxys)—and even via coitus, depending on the 
specific organism involved. Common trypanosome species 
causing substantial issues in the livestock industry include 

Trypanosoma congolense, T. vivax, and T. brucei (Odeniran 
et al. 2019a, b, c).

In Africa, it has been estimated that around 50 million 
cattle and 70 million sheep and goats are at risk of contract-
ing animal African trypanosomiasis, leading to an annual 
loss of three million cattle (Geerts et al. 2001). Controlling 
trypanosomosis involves managing either the vector or the 
parasite, or a combination of both. Currently, only a lim-
ited number of chemoprophylactic and chemotherapeutic 
trypanocidal compounds are in use, and the development of 
new compounds is not expected soon (Barrett et al. 2004). 
Holmes et al. (2004) approximated that 35 million doses 
of veterinary trypanocidal drugs are administered annually 
in Africa. Isometamidium chloride, ethidium bromide, and 
diminazene aceturate are estimated to represent 40%, 26%, 
and 33%, respectively, of the total trypanocidal drug market 
by value (Bengaly et al. 2018).

Various methodologies highlight substantial regional 
variations in resistance problems (Sinyangwe et al. 2004). 
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Increased usage of substandard veterinary preparations has 
been identified as a risk factor for drug resistance (Teko-
agbo et al. 2008). Chemotherapy appears to be the most 
prevalent measure in sub-Saharan Africa, with Kingsley 
(2015) reporting a concise survey on substandard veterinary 
drugs as a major contributor to drug resistance in Nigeria. 
Political instability, weak regulatory structures, and 
influential financial market forces have made combating 
counterfeit drugs a formidable task, leading to the persistent 
spread of resistant genes in organisms. There is a possibility 
that the transmitting vectors and reservoir hosts now carry 
Trypanosoma-resistant parasites that do not respond to 
conventional trypanocides, posing a significant threat to the 
livestock industry (Odeniran et al. 2019a).

The use of trypanocides for the control of trypanosomosis 
is well established, and the concept is widely disseminated. 
Nevertheless, studies have reported the potential for 
trypanocide resistance in regions with high tsetse fly 
populations, even when using standard trypanocide doses 
(Geerts and Holmes 1998). Similarly, recent studies have 
suggested the presence of high prevalence of Trypanosoma 
species in areas with low tsetse flies but high biting flies in 
southwest Nigeria (Odeniran and Ademola 2018; Odeniran 
et  al. 2019c, 2020, 2021). Multiple drug resistance has 
been reported in Nigeria (Ilemobade 1979), while recent 
investigation on the presence of trypanocide resistance 
isolates has been reported (Odeniran and Ademola 2018). 
Novel studies are needed to explore the issue of AAT drug 
resistance in Nigeria. The problem of drug resistance for 
AAT has been attributed to weak legislation, which allows 
farmers and unskilled workers to administer trypanocides 
without consequences, rather than relying on veterinarians 
(Matovu et al. 1997). Therefore, this study investigates the 
efficacy of common trypanocide in the market, considering 
haematological parameters and other risk factors to ascertain 
the presence of resistant Trypanosoma species.

Materials and methods

Study area and sampling size

The research was carried out in two Nigerian states: Osun 
and Ogun. Both states are situated in the tropical rainforest 
zone in the southwest region of Nigeria, with geographic 
coordinates between latitude 07° 30′ N and longitude 4° 
30′ E for Osun state and latitude 7° 00′ N and longitude 3° 
35′ E for Ogun state. These locations experience two dis-
tinct seasons—the dry season (November to March) and 
the wet season (April to October). However, for this study, 
sample collection was limited to the dry season due to con-
straints imposed by the study design, specifically focusing 
on outbreaks identified on farms during that period. The 

cattle population in the region is approximately 400,000, 
with approximately 97% of the cattle being designated as 
trade cattle in markets or prepared for slaughter at abattoirs. 
The remaining 3% are in farm settlements, which are in the 
range of 12,000–15,000. Two cattle farms were selected con-
veniently due to reported cases of a trypanosome outbreak. 
Whole-herd sampling of cattle was carried out in cattle 
farms managed by veterinarians. The initial sampling took 
place during the trypanosome outbreak. For farm A (Ogun 
state), the sampling occurred in early October 2019, while 
for farm B (Osun state), the first sampling was performed 
in late January 2020. The second sampling for both farms 
occurred exactly 8 weeks after treatment with trypanocides, 
with farm A being sampled in early December and farm B 
in late March. The sample sizes were determined based on 
herd sizes, resulting in 201 and 115 samples for farms A 
and B, respectively, with a total sample size of 316 (Fig. 1).

Fly collection

A total of 16 sampling days were used for this study; in 
other words, 4 days/month of collection for 2 months/site. 
A total of eight Nzi traps (four per site) were used to capture 
Trypanosoma-transmitting vectors, and collection was done 
at 12 h interval to prevent mortality and desiccation of flies. 
Traps were site bound for 8 days during the experimental 
period (8 weeks)/farm location. All trapped flies were pre-
served in absolute ethanol and transported to the laboratory 
for assessment under the stereomicroscope. Morphological 
identification was done using identification keys (Austen 
1912; Zumpt 1973), and species were compared with those 
deposited in Systema Directory.

Blood collection and assessment

Blood samples, measuring 5 ml, were obtained from the 
jugular vein of each cattle and placed into 5-ml tubes con-
taining ethylene diamine tetra acetic acid (EDTA) as an 
anticoagulant (1 mg/ml of blood). Additionally, two drops 
were applied to Whatman FTA cards for molecular analysis. 
The samples in tubes were transported to the laboratory on 
ice packs. Haematological parameters were conducted using 
Veterinary Haematology Autoanalyzer specifically designed 
for animals (Vetscan® HM5 analyser). This provides infor-
mation on the complete blood count pre- and post-treatment.

Microscopic examination of parasites

A drop of blood was dropped on glass slide and cover with a 
slip to examine under the light microscope. The presence or 
absence of parasites was observed carefully using different 
objective lens. Blood from each anticoagulant-containing 
tube was transferred into three capillary tubes, each sealed 
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at one end with plasticine. These capillary tubes underwent 
centrifugation in a microhematocrit centrifuge at 3000 rpm 
for 5 min. After centrifugation, the packed cell volume 
(PCV) was determined using the haematocrit centrifugation 
technique. Subsequently, the buffy coat and the uppermost 
layer of red blood cells from one capillary tube were 
extruded onto a microscope slide and examined under a 
light microscope at 40 objective lens (×400 magnification) 
to identify the presence of motile trypanosomes. A blood 
drop from the 5-ml tubes with anticoagulant was applied 
to glass slides to create thin and thick smears. After air-
drying, the slides were stained with Giemsa stain. Labelled 
with a lead pen, these stained slides were examined under a 
light microscope using a ×100 oil immersion objective lens 
(×1000 magnification) at the Department of Veterinary 
Parasitology and Entomology, University of Ibadan, Nigeria. 
Morphological keys for Trypanosoma species, as per FAO 
guidelines (2023), were applied to identify the observed 
Trypanosoma species.

Parasitaemia quantification

Blood films were evaluated for parasitaemia following a 
well-established method (Herbert and Lumsden 1976). 

Examination of the blood film was conducted under a ×40 
objective lens, and parasite counts were determined using 
the anti-log of values, in accordance with the methodology.

Molecular assessment sampling technique

To identify the Trypanosoma species in bovine hosts, blood 
samples were collected from the middle ear vein by veni-
puncture. Blood spots containing 2 to 3 drops of blood were 
made on Whatman FTA™ cards (Sigma-Aldrich, USA) for 
DNA extraction. The cards were properly labelled with iden-
tification details of the animals, including age, sex, breed, 
body condition, and location. This is a longitudinal survey 
(sampling occurred during outbreak, and another sampling 
occurred after treatment with trypanocide). All cattle in the 
herd were sampled. Subsequently, the cards were air-dried 
and stored in sealed pouches (Sigma-Aldrich, USA) follow-
ing the established procedure (Ahmed et al. 2011).

Extraction of DNA from FTA cards

A comprehensive four-stage extraction process was imple-
mented, encompassing punching, washing, fishing, and 
eluting. All equipment, including punches, pipette tips, 

Fig. 1   Map showing study sites and sample size
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Eppendorf tubes, and PCR tubes, underwent sterilization 
through a 20-min exposure to ultraviolet rays. Sterilized 
hole punches were used to generate five discs (3 mm/disc) 
from each FTA card, depositing them into 1.5-ml Eppen-
dorf tubes. Following the initial punching, an additional 
set of five discs was punched from a clean Whatman® filter 
paper to cleanse the punch before sampling from another 
card. Additionally, five discs from a plain Whatman® filter 
paper were punched to serve as a negative control. In the 
subsequent washing phase, 1 ml of FTA purification reagent 
was added to each Eppendorf tube for a 15-min interval on 
a rocking platform shaker. Subsequently, the FTA reagent 
was removed, and a fresh batch of FTA purification rea-
gent was introduced to enhance nucleic acid purification on 
the cards. The punched discs were then transferred to PCR 
tubes for the fishing step, allowing the samples to incubate 
overnight at room temperature. For the elution stage, a 5% 
w/v Chelex solution was prepared, and 100 µl of this solu-
tion was added to the PCR tubes containing the discs. The 
tubes were then subjected to heating at 90 °C for 30 min in 
a Peltier thermal cycler.

Amplification of DNA using PCR

To amplify the DNA, PCR analysis targeting the internal 
transcribed spacer (ITS-1 rDNA) was performed. The mas-
ter-mix was prepared, which included 1 µl of 50 mM MgCl2, 
5 µl of 5 × Mango Taq buffer, 1 µl of both forward 5′-CCG-
GAA-GTT-CAC-CGA-TAT-TG-3′ and reverse 5′-TTG-
CTG-CGT-TCT-TCA-ACG-AA-3′ primers (as described 
by Njiru et al. 2005), 0.2 µl of 5 U/µl Taq DNA polymerase, 
0.2 µl of 25 mM dNTPs, and 12.6 µl of distilled water. The 
PCR cycling was carried out using a Bio-Rad Dyad sys-
tem (MJ Research Inc., USA). The total reaction volume 
was 25 µl, which included 5 µl of genomic DNA. The PCR 
cycling conditions involved an initial denaturation step at 
94 °C for 5 min, followed by 35 cycles of denaturation at 
94 °C for 40 s, annealing at 58 °C for 40 s, extension at 
72 °C for 90 s, and a final extension at 72 °C for 5 min. The 
expected base pair sizes, which varied depending on the spe-
cies or subspecies, ranged from 250 to 700 bp.

Gel electrophoresis of amplified DNA from cattle blood

To examine the DNA amplified by PCR, agarose gel 
electrophoresis was conducted. A mixture of 1.5 g of 
agarose and 100  ml of 1 × Tris-borate-EDTA (TBE) 
buffer was prepared. The mixture was heated and gently 
agitated every 15 s in a Micro Chef SM 11 until a clear 
solution was achieved. The gel solution was poured into a 
gel container and allowed to solidify on a plate stirrer for 
3 min. GelRed™ nucleic acid stain (10 µl) from Biotium 
Inc., USA, was added to the gel and thoroughly mixed. 

Gel combs were utilized to create wells in the gel, and 
10 µl of the PCR amplicon from each sample was loaded 
into the wells. Additionally, an 8 µl portion of a 100-bp 
molecular ladder (exACTGene™, Fisher Scientific, UK) 
was added on either side of the gel to serve as a reference 
for determining PCR fragment sizes. The gel container 
was filled with 1 × TBE buffer, and electrophoresis was 
carried out at 100 V for 60 min. Subsequently, the gel 
was visualized under a UV transilluminator (Gel-Doc™ 
2000) using the Quantity One software from Bio-Rad 
Laboratories, Inc.

Risk factor assessment

A total of 316 cattle blood samples were conveniently gath-
ered, comprising 20 males and 296 females from diverse 
breeds, including Sokoto Gudali, White Fulani, N’dama, 
and Red Bororo. The samples were categorized based on 
the sampling location, and all collections took place dur-
ing the dry season. The assessment of cattle body condition 
considered physical fitness and the presence or absence of 
clinical signs. Cattle were labelled as ‘good’ if they exhib-
ited proper conformation, gait, and healthy skin without dis-
charges. Those with mild clinical signs, unaffected nutrition, 
but good conformation were classified as ‘fair’. Cattle dis-
playing obvious signs such as recumbency, severe lacrima-
tion, profuse salivation, anaemia, and anorexia fell into the 
‘poor’ category.

Treatment strategies

Diminazene aceturate (Nonazin®) was purchased from local 
market in southwest Nigeria. Trypanocides are prepared at 
3.5 mg/kg, and the herd treatment was done after blood col-
lection. Dosage was calculated based on the weight of the 
cattle treated.

Statistical analysis

Tukey’s multiple comparison ANOVA test was used for pair-
wise comparisons, especially in the case of cattle breeds. 
Pearson chi-square analyses were used for age, body condi-
tion, sex, and farm locations to produce the significance and 
odd ratios. Variations in species distribution based on breeds 
and farm locations, before and after treatment, were analysed 
using frequency distribution table. The mean and standard 
deviation of haematological parameters were also calculated, 
and significance against standard values was obtained. The 
percentage of relative apparent density was calculated by 
dividing the total number of flies collected by the number 
of traps and the number of trapping days, resulting in flies 
per trap per day (F/T/D). The qGIS is used to develop a map 
showing study locations by states.
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Results

Total transmitting vector captured during the entire 
study period was 3.74 F/T/D. Of the transmitting vectors 
of importance, only mechanical vectors were trapped, 
namely, Stomoxys niger (Macquart) (1.77 F/T/D), Sto-
moxys calcitrans (Linnaeus) (1.53 F/T/D), Tabanus taen-
iola (Pal. Beauvois) (0.16 F/T/D), Tabanus par (Walker) 
(0.14 F/T/D), Ancala fasciata (Fabricus) (0.08 F/T/D), 
Tabanus thoracinus (Pal. Beauvois) (0.05 F/T/D), and 
Tabanus subangustus (Ricardo) (0.01 F/T/D) (Suppl. 1.1). 
No Glossina species was captured during the study period.

Trypanosome prevalence was evaluated through five meth-
ods, with PCR being the most sensitive, displaying a preva-
lence of 53.3% before trypanocide treatment, which subse-
quently decreased to 21.5% at 8 weeks post-treatment (Suppl. 
1.2 and 1.3). The gold standard method for trypanosome detec-
tion in Nigeria, the HCT (buffy coat assessment), exhibited the 
highest detection under the microscope, indicating a preva-
lence of 21.8% during the outbreak and 5.4% 8 weeks after 
herd treatment. The order of sensitivity was PCR > HCT > wet 
mount > thick smear > thin smear, with the latter being the least 
sensitive (Table 1). However, the prevalence after treatment 
with trypanocides showed a significantly higher prevalence for 
PCR compared to the other parasitological methods employed.

Considering all the methods employed, the aver-
age parasitaemia before treatment was recorded at 
1.95 × 104 ± 1.3 × 104, signifying a high parasitic infec-
tion requiring immediate intervention. However, even after 
8 weeks of treatment, parasitaemia persists, albeit with the 

least sensitive method. The average post-treatment para-
sitaemia is measured at 1.5 × 102 ± 1.4 × 102, indicating a 
moderate infection that suggests the need for additional 
treatment. Based on species, the parasitaemia levels were 
most elevated for T. congolense (5.1 × 105 ± 2.7 × 105), fol-
lowed by T. brucei (3.5 × 104 ± 1.8 × 104), and lowest in 
T. vivax (4.0 × 103 ± 1.1 × 103) before treatment was initi-
ated. Post-treatment, no T. brucei was detected, while T. 
congolense and T. vivax exhibited parasitaemia levels of 
2.5 × 102 ± 1.3 × 102 and 1.5 × 102 ± 1.0 × 102, respectively.

On farm A, before treatment, the overall prevalence 
based on blood smear was found 10.5% (95% CI 6.6–15.5). 
This prevalence was notably higher for T. congolense (3.5%) 
and T. vivax (7.0%). Conversely, on farm B, the prevalence 
of T. congolense (8.7%) was higher than that of T. vivax 
(5.2%), resulting in an overall prevalence of 13.9% (95% 
CI 8.2–21.6). After 8 weeks of treatment, trypanosomes 
were identified in the blood of cattle that were previously 
examined. Nevertheless, the overall prevalence remained 
at 3.5% for both farms A and B. Analysis of datasets from 
both farms indicated a higher prevalence of T. vivax (3.0% 
vs. 2.6%) compared to T. congolense (0.5% vs. 0.9%). 
Notably, there was no detection of T. brucei either before 
or after the administration of trypanocides with microscopic 
diagnostic technique. The Pearson chi-square test indicates 
a significant difference ( X2 = 7.524; P = 0.006) in the total 
prevalence between before and after treatment in farm A. 
Likewise, a significant difference ( X 2 = 7.886; P = 0.005) 
was observed in farm B regarding the total prevalence 
before and after treatment.

Table 1   Overall prevalence of 
cattle assessed for trypanosomes 
using varying diagnostic 
methods

Wet mount HCT Thin Thick PCR

Before treatment
    Prevalence 15.8 (12.0–20.3) 21.8 (17.4–26.8) 9.8 (6.8–13.6) 11.7 (8.6–15.7) 53.5 (47.9–58.9)
    Sensitivity 29.4% 40.6% 18.2% 21.8% 99.4%
After treatment
    Prevalence 3.8 (2.0–6.5) 5.4 (3.2–8.5) 2.5 (1.1–4.9) 3.5 (1.8–6.1) 21.5 (17.3–26.4)
    Sensitivity 17.4% 24.6% 11.6% 15.9% 98.6%

Table 2   Trypanosome prevalence in cattle farms using PCR

Total prevalence T. congolense T. vivax T. brucei T.c/T.v

Before treatment
    Farm A 114/201 (56.7% (49.8–63.4)) 44/201 (21.9% (16.4–28.3)) 68/201 (33.8% (27.3–40.8)) 1/201 (0.5% 

(0.1–2.8))
1/201 

(0.5% 
(0.1–
2.8))

    Farm B 55/115 (47.8% (38.9–56.9)) 30/115 (26.1% (18.3–35.1)) 25/115 (21.7% (14.6–30.4)) –
After treatment
    Farm A 43/201 (21.4% (16.3–27.6)) 14/201 (7.0% (3.9–11.4)) 29/201 (14.4% (9.9–20.1)) –
    Farm B 25/115 (21.7% (15.2–30.1)) 6/115 (5.2% (1.9–11.0)) 19/115 (16.5% (10.3–24.6)) –
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The overall prevalence of trypanosomes on farm A, 
before treatment as determined by ITS-PCR, stood at 56.7% 
(95% CI 49.8–63.4). Notably, this prevalence was higher 
for T. vivax, followed by T. congolense, while T. brucei was 
the least observed. Meanwhile, mixed infection of T. con-
golense and T. vivax was detected with prevalence of 0.5% 
(95% CI 0.1–2.8). In contrast, on farm B, the prevalence of 
T. congolense was higher than that of T. vivax and T. bru-
cei, and mixed infection was not detected, resulting in an 
overall prevalence of 47.8% (95% CI 38.9–56.9) (Table 2). 
After trypanocide treatment, overall prevalence of same 
set of cattle in farm A revealed 21.4% (16.3–27.6), while 
farm B showed 21.7% (15.2–30.1), with species detection 
higher for T. vivax compared to T. congolense in both farms. 
There were no cases for T. brucei (Table 2). Based on the 
PCR results, the chi-square analysis reveals a significant 
difference ( X2 = 52.684; P < 0.0001) in the overall preva-
lence between before and after treatment with trypanocide 
in farm A. Likewise, a significant difference ( X2 = 17.25; 
P < 0.0001) was observed in farm B concerning the overall 
prevalence before and after treatment.

The comprehensive haematological analysis unveiled the 
presence of anaemia, as evidenced by a significant decrease 
in PCV, haemoglobin (Hb), and red blood cell (RBC) counts 
in both herds. During the outbreak, the trypanosome-infected 
cattle exhibited significantly higher mean corpuscular vol-
ume (MCV) and mean corpuscular haemoglobin (MCH) val-
ues, while the mean corpuscular haemoglobin concentration 

(MCHC) value remained within the normal standard range. 
Conversely, all parameters measured in the uninfected cat-
tle fell within the standard range values. Consequently, the 
observed anaemia in the infected cattle before treatment is 
characterised as macrocytic normochromic anaemia. Post-
treatment analysis showed that the PCV, RBC, MCHC, and 
MCV values in those that tested positive for trypanosomes 
once again conformed to the normal standard parameters for 
cattle blood. However, Hb and MCH values were lower than 
the standard values, indicating the presence of normocytic 
hypochromic anaemia, albeit to a mild extent. This condition 
could be attributed to a combination of factors (Table 3).

The mean total WBC count in the infected groups 
was significantly lower (P < 0.001) compared to the 
non-infected group both before and after treatment with 
trypanocides. Although the total WBC count increased 
after treatment, the difference was not statistically sig-
nificant. The mean differential WBC count showed 
that lymphocyte, neutrophil, and eosinophil levels were 
lower in the infected cattle (P < 0.001). Monocytosis was 
observed in the infected groups before and after treatment, 
but the increase was not significant. After treatment, it 
was observed that basophil levels were normalized, and 
there were improved levels in other differentials as well, 
although total WBC counts remained lower than those in 
the uninfected cattle assessed (Table 4).

Comparing the prevalence rates before and after treat-
ment, the results showed that the drug was most effective 

Table 3   Total haematological indices of examined cattle

*Presence of significance at 0.05

PCV (%) Hb (g/dl) RBC (× 106 mm3) MCH (pg) MCHC (g/dl) MCV (fl)

Standard values 28.5–36 8.7–10.9 5.2–6.7 16.0–20.4 25.3–37.2 51.4–62.0
Before treatment
    Trypanosome-infected 22.9 ± 1.6* 6.72 ± 0.3* 3.16 ± 0.3* 21.5 ± 2.5* 29.5 ± 2.7 73.3 ± 8.4*
    Non-infected 35.4 ± 0.5 10.9 ± 0.7 6.57 ± 0.3 16.6 ± 1.2 30.8 ± 2.0 54.0 ± 2.7
After treatment
    Trypanosome-infected 30.1 ± 0.8 8.3 ± 0.3* 5.59 ± 0.6 15.0 ± 1.7 27.5 ± 1.3 54.4 ± 5.1
    Non-infected 35.6 ± 0.5 10.8 ± 0.4 6.61 ± 0.2 16.4 ± 0.7 30.4 ± 1.3 54.0 ± 1.7

Table 4   Mean differential WBC counts during the study period

*Presence of significance at 0.05

TWBC (× 103/μl) Neutrophils (× 103/μl) Eosinophils (× 103/μl) Basophils 
(× 103/μl)

Lymphocytes 
(× 103/μl)

Monocytes (× 103/μl)

Pre-treatment with trypanocide
   Tryps-infected 6.86 ± 1.65* 1.94 ± 0.2* 0.18 ± 0.1* 0.04 ± 0.0 4.13 ± 0.2* 0.57 ± 0.0

    Non-infected 9.07 ± 1.39 2.79 ± 0.2 0.41 ± 0.1 0.01 ± 0.0* 5.41 ± 0.2 0.45 ± 0.1*
Post-treatment with trypanocide
    Tryps-infected 7.81 ± 1.11* 2.21 ± 0.2 0.29 ± 0.1* 0.02 ± 0.0 4.76 ± 0.2 0.53 ± 0.1
    Non-infected 9.01 ± 1.21 2.91 ± 0.3 0.45 ± 0.0 0.02 ± 0.0 5.16 ± 0.1 0.48 ± 0.0
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Fig. 2   Prevalence of Trypanosoma species observed based on breeds before and after treatment with trypanocide in farm A

Fig. 3   The prevalence of Trypanosoma species observed based on breeds before and after treatment with trypanocide in farm B
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in the White Fulani breed (WF = X2: 55.6, P < 0.0001), 
followed by Red Bororo breed (RB = X2: 1.69, P = 0.193). 
Meanwhile, the results suggest that treatment does not 
show significant effectiveness in Red Bororo and Sokoto 
Gudali breeds before and after treatment. In farm A before 
treatment, T. congolense was predominantly found in the 
White Fulani breed with a prevalence of 24.1%, while T. 
vivax had the highest occurrence in the Red Bororo breed 
with a prevalence of 63.6%. T. brucei was only identified 
in White Fulani (1.1%), and mixed infections of T. congo-
lense and T. vivax were exclusively detected in the White 
Fulani breed (Fig. 2).

After treatment, only T. congolense and T. vivax were 
detected, with the highest prevalence observed in the Sokoto 
Gudali breed for both Trypanosoma species. In farm B, 
before treatment, T. congolense (41.9%) and T. vivax (29.0%) 
were predominantly identified in the Sokoto Gudali breed. 
After treatment, the N’dama breed remained infected with T. 
congolense, showing the highest prevalence (1/3 = 33.3%), 
while T. vivax was mostly detected in the White Fulani breed 
(19.5%) (Fig. 3).

The distribution of Trypanosoma spp. indicated that T. 
congolense was exclusively present in female cattle at a 
prevalence of 7.4% (95% CI 7.5–12.1) in farm A. However, 
in farm B, both male 12.5% (2.2–47.1) and female 8.4% 
(4.5–15.2) cattle were infected with T. congolense. Notably, 
in farm A, the prevalence of T. vivax was 16.7% (4.7–44.8) in 
males and 14.3% (10.0–19.9) in females. In farm B, the prev-
alence was 12.5% (2.2–47.1) in males and 13.1% (7.9–20.8) 
in females. The overall prevalence demonstrated a higher 
occurrence of T. congolense (7.8% vs. 5.0%) in females, 
while T. vivax (15.0% vs. 13.9%) had a higher prevalence in 
males. However, these differences did not reach statistical 
significance in either sex. Mixed infections of T. congolense 
and T. vivax were only observed in females 0.3% (0.1–1.9).

Prevalence based on body condition score showed sig-
nificant difference (P < 0.001) between good and poor 
body score. There was no significance between good and 
fair, likewise between fair and poor based on Tukey mul-
tiple comparison test. There is no significance between 
cattle greater than 1 year 30.4% (25.4–35.8) and those less 
than 1 year 23.1% (18.6–28.2).

Discussions

The abundance of Stomoxys and tabanids and detection 
of trypanosomes in cattle blood post-treatment with tryp-
anocides indicate the effectiveness of mechanical vectors 
in AAT disease epidemiology. These vectors have been 
incriminated in trypanosome infection in southwest region 
of Nigeria (Odeniran and Ademola 2018; Odeniran et al. 
2019c, 2020, 2021; Omonona et al. 2021).

The outcomes of wet mount, thick, and thin smears 
from this study underscore the importance of employing 
multiple techniques in trypanosome detection to confirm 
trypanocidal resistance when animals are treated 
(Delespaux et  al. 2008; Tchamdja et  al. 2017). The 
persistent presence of trypanosomes in the bloodstream 
8 weeks post-treatment suggests either re-infection from 
biting flies that could not be eliminated due to low plasma 
levels of trypanocides, or relapse due to the ineffectiveness 
of the drug. This possibility is in accordance with a 
previous suggestion of trypanocidal resistance in Nigeria 
(Delespaux et al. 2008; Geerts et al. 2001; Holmes et al. 
2004). The study reports from both study sites yielded 
comparable results from both farms concerning blood 
smears, indicating a persistent prevalence of 3.5% post-
treatment with trypanocide. This implies the existence 
of Trypanosoma-resistant strains in the environment, as 
both T. congolense and T. vivax were identified. This 
aligns with a previous report where both species were 
molecularly isolated as resistant strains in southwest 
Nigeria (Odeniran et  al. 2019a). The prevalence in 
blood smear was low because of the less sensitivity of 
microscopy and resistance may be quite difficult to detect. 
The high prevalence of trypanosomes using PCR post-
treatment raises significant concerns for livestock farmers 
in this region, suggesting potential resistance to commonly 
available trypanocidal drugs in the market.

PCR results revealed a significantly high prevalence, par-
ticularly for T. congolense and T. vivax. Overall, T. vivax 
exhibited the highest prevalence both before and after treat-
ment with trypanocide. This could be attributed to the pre-
vailing vector flies and the trypanosomes harboured. The 
presence of biting flies in both study sites likely contrib-
uted to the high T. vivax infection, as suggested by previous 
studies (Majekodunmi et al. 2013; Odeniran et al. 2019b). 
It appears that there is an abundance of biting flies, par-
ticularly during the dry season. T. brucei and mixed infec-
tions were exclusively detected by PCR, possibly due to 
the absence of the biological vector, Glossina, and the high 
sensitivity of the PCR technique. Mixed infections were 
generally not prevalent, with the exception being farm A. 
This observation may suggest that the transmitting vectors 
possess specific species infectivity.

The significant decrease in mean PCV, Hb concentra-
tion, RBC, and WBC counts was observed in all infected 
groups before treatment compared to the non-infected cat-
tle group. Leukopenia and pancytopenia, directly associated 
with trypanosome infections, were evident. Previous reports 
suggest a similar effect of lower cell counts in T. congolense 
and T. vivax infections (Maxie et al. 1979; Dagnachew et al. 
2015). Macrocytic normochromic anaemia, attributed to a 
compensatory mechanism in response to erythrocyte and 
haemoglobin loss, was observed (Sharma et al. 2000). The 
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significant leukopenia may be due to the host’s increased 
production of leukocytes against invading pathogens dur-
ing infection and subsequent reduction (Obi et al. 2013). 
Macrocytosis results from erythropoiesis occurring after the 
onset of infection, releasing immature erythrocytes into the 
bloodstream (Dagnachew et al. 2015, 2017).

This anaemia could be due to trypanosome-induced 
haemolysis (Longstaffe 1984) or haemodilution as the fluid 
content of blood increases. Red cell count decrease could be 
due to increased erythrophagocytosis, a crucial mechanism 
in the pathophysiology of T. congolense infection (Witola 
and Lovelace 2001), or other immunological factors and 
dyshaemopoiesis in which the bone marrow fails to produce red 
blood cells (Anosa and Isoun 1980; Murray and Dexter 1988).

Post-treatment analyses of examined cattle revealed either 
recovery or relapse, with some differentials not showing 
significance. For instance, PCV, Hb, RBC, MCH, MCHC, 
and MCV were within the normal range, although lower 
than the non-infected group. Hence, in the case of slight 
anaemia for post-treatment infected cattle group, it can be 
characterised as normocytic hypochromic anaemia. White 
blood cell differentials remained significantly lower than 
the non-infected group, except for basophils, which were 
within range. There was no pronounced anaemia in post-
treatment values, as most values were within the normal 
range. The observed reduction in total WBC count in this 
study, both before and after treatment, aligns with findings 
in other trypanosome studies (Bengaly et al. 2002; Ekanem 
and Yusuf 2008; Dagnachew et al. 2015). Post-treatment 
total WBC counts showed an increase compared to the time 
of outbreak, but the change was not significant. This sug-
gests that the impact of trypanosomes on the cells of the 
immune system remained substantial even after treatment.

Considering risk factors, in both study sites, Sokoto 
Gudali cattle breed was predominantly affected by trypa-
nosome infection before and after treatment. This suggests 
that this breed is highly trypanosusceptible, emphasizing 
the need for proper care when breeding in trypanosome-
infested areas. While the overall study did reveal signifi-
cance in the analyses conducted before and after treatment, 
it is worth noting that certain cattle breeds (Sokoto Gudali 
and Red Bororo) exhibited no significant changes after 
treatment. This suggests that these breeds may be suscep-
tible to reinfection or quick relapses.

T. vivax was highest detected species in both farms. 
This could be associated to infectivity of Stomoxys species 
observed in both farms. The prominence of T. congolense 
in females and T. vivax in male may not have any signifi-
cance, as both sexes have been established to be suscepti-
ble to infection (Takeet et al. 2013; Odeniran et al. 2019b; 
Ikenna-Ezeh et al. 2020).

Body condition scores revealed a positive correlation 
between poor scores and trypanosome parasites in cattle. 

This suggests that the body condition of trypanosome-
infected cattle could serve as a determinant in physical 
examination and diagnosis. This finding is in accordance 
with the report by Takeet et al. (2013). Similarly, ani-
mals younger than 1 year exhibited a higher prevalence, 
although not significantly, compared to those older than 
1 year. Hence, age may not play a definitive role in the 
diagnosis of trypanosomosis in cattle (Majekodunmi 
et al. 2013).

Conclusions

The study indicates the presence of trypanocidal resistance, 
resulting in widespread resistance among Trypanosoma 
species in numerous cattle herds in southwest Nigeria. The 
situation may have been exacerbated by the abundance of 
biting flies during the dry season, leading to a high preva-
lence of T. vivax. It is crucial to isolate these Trypanosoma 
species using molecular tools, and further investigations 
on their genomes are warranted. There is an urgent neces-
sity to reassess trypanocidal drugs available in the Nige-
rian market, and recommendations should be submitted to 
national authorities.
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