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1. Introduction
African animal trypanosomosis is one of the most 
important arthropod-borne diseases of cattle and other 
domestic animals in sub-Saharan Africa (1) and contributes 
greatly to its underdevelopment (2). It causes reduction 
in milk production, weight gain, and reproduction and 
eventually death of the affected animals. Up to 30 million 
sheep and 40 million goats are at risk of Trypanosoma 
vivax, Trypanosoma congolense, and Trypanosoma brucei 
infections across the tsetse belt (3).   

In the absence of effective vaccination, control 
of trypanosomosis is principally by means of either 
chemoprophylactic or chemotherapeutic agents (4). 
However, drug resistance, which leads to relapse of 
infection, is a major challenge often encountered in 
the treatment of trypanosomosis (5). The situation 
throughout Nigeria, for instance, has been particularly 
troubling because resistant strains of the major species 
of trypanosomes of ruminants (T. congolense, T. vivax, 
and T. brucei) have been isolated (6). These strains do not 

respond to curative doses of the three main drugs used for 
animal trypanosomosis: homidium chloride (Novidium), 
homidium bromide (Ethidium), and diminazene aceturate 
(Berenil). Therefore, use of available trypanocides requires 
careful management in order to minimize the incidence of 
resistance (7).

The problems of drug resistance have stimulated 
much research into alternative methods of disease 
control such as avoidance of subtherapeutic doses, use of 
sanative pairs, reduction of treatment frequency, use of 
trypanotolerant animals, tsetse control, and stimulation 
of host immunity through good nutrition (8). Substances 
possessing immunopotentiating or immune-enhancing 
properties such as vitamin A (9) and levamisole (10) may 
be beneficial when combined with known trypanocides in 
the treatment of trypanosomosis.

This study was carried out to investigate the efficacy of 
diminazene aceturate (DA) in combination with levamisole 
and/or vitamin A in the treatment of West African dwarf 
(WAD) sheep infected with Trypanosoma brucei.  
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2. Materials and methods
2.1. Experimental animals 
Twenty-four adult WAD sheep of both sexes were used. 
They were purchased from a local market (Nkwo Ibagwa) 
in the Nsukka Local Government Area of Enugu State. 
They were housed in the experimental animal unit of the 
department. Acclimatization was for some weeks, during 
which time they were dewormed with albendazole at 15 
mg/kg body weight per os (Tuyil Pharm Ind. Ltd., Nigeria) 
and ivermectin at 1 mL/50 kg body weight subcutaneously. 
Deticking was done by use of a tick and flea powder (Propets 
Product & Serv., Nigeria). Long-acting oxytetracycline at 1 
mL/10 kg body weight intramuscularly (TETROXY LA, 
Bimeda, the Netherlands) was also administered to treat 
bacterial infections. Blood samples collected from the 
animals were negative for trypanosomes. Feed and water 
were provided ad libitum. They were humanely cared for 
in accordance with the principles of laboratory animal 
care (11). All procedures performed were in accordance 
with the ethical standards of the Faculty of Veterinary 
Medicine, University of Nigeria, Nsukka.
2.2. Trypanosomes 
The T. brucei used in this study was a local isolate obtained 
from a clinically infected pig presented at the Veterinary 
Teaching Hospital, University of Nigeria, Nsukka. The 
parasites were identified in the Department of Veterinary 
Parasitology and Entomology, University of Nigeria, 
Nsukka. The parasites were maintained in albino rats, 
from which the WAD sheep were first infected. 
2.3. Infection of experimental animals
Infected blood from donor rats was collected from the 
retrobulbar plexus via the median canthus of the eye into 
vacutainer tubes containing ethylene diamine tetra acetate 
(EDTA). Infected blood was then diluted in phosphate-
buffered saline (PBS). Each sheep was infected with 1 × 
106 trypanosomes suspended in 2 mL of PBS intravenously 
via the jugular vein. Estimation of parasitemia was done by 
the rapid matching technique (12).
2.4. Experimental drugs
Three drugs used in this experiment were diminazene 
aceturate (Trypazen, Pantex, the Netherlands), levamisole 
hydrochloride (Levaject 100, Farvet, the Netherlands), and 
vitamin A (Aquasol-A, US Vitamins Ltd., India).
2.5. Experimental design
The 24 WAD sheep were randomly assigned into six groups 
(groups 1–6) of four animals each. Sheep in groups 2–6 
were infected with 1 × 106 trypanosomes intravenously 
while group 1 was left as the uninfected control. Treatment 
was administered at 2 weeks post infection (PI) in all 
treated groups except group 5, which was treated at 3 weeks 
PI. Infected sheep in groups 2–6 were treated with 7 mg/
kg diminazene aceturate intramuscularly. Sheep in groups 

3, 4, and 6 received additional treatments with levamisole 
at 5 mg/kg intramuscularly, vitamin A at 50,000 IU/animal 
intramuscularly, or a combination of levamisole and 
vitamin A at the same doses, respectively. Sheep in group 5 
received similar treatment as those in group 4 at 3 weeks PI.
2.6. Parameters monitored
The efficacy of treatment was assessed weekly by 
monitoring parasitemia, packed cell volume (PCV) (13), 
hemoglobin (Hb) concentration (14), body weight, and 
total red blood cell (RBC) count (15).
2.7 Clinical signs
Rectal temperature and respiratory and pulse rates 
were monitored daily using a clinical thermometer and 
stethoscope. Physical examinations were carried out to 
note the color of mucous membranes, size and consistency 
of superficial lymph nodes through palpation, and general 
observations of animals for other clinical signs.  
2.8. Statistical analysis
The results of this study were analyzed statistically with 
SPSS using one-way analysis of variance (ANOVA). 
Variant means were separated using Duncan’s multiple 
range tests. The level of significance was considered to be 
P < 0.05.

3. Results
3.1. Clinical signs
Intermittent pyrexia was observed in all infected animals 
from 1 week PI. Other clinical signs observed from the 
second week of infection included pale mucous membranes, 
increased respiratory and pulse rates, depression, dullness, 
edema of the face, enlargement of the prefemoral and 
prescapular lymph nodes, and nervous signs like muscle 
spasms, circling, torticollis, and prostration. A mortality 
rate of 25% was recorded in groups 2 and 3 while in group 
5 it was 50%. In group 5 animals, which were treated at 
3 weeks PI, complete anorexia, drowsiness, emaciation, 
and lethargy were also observed. These clinical signs 
disappeared following treatment.
3.2. Parasitemia
An average prepatent period of 5 days was recorded in 
all infected sheep. Parasitemia progressed steadily until 2 
weeks PI when all the infected sheep were treated, except 
those in group 5, which were treated 3 weeks PI (Table 1). 
Trypanosomes were completely cleared from the blood 
within 1 week of treatment and treated sheep remained 
aparasitemic throughout the experiment. There was no 
relapse of infection in all the treatment groups.
3.3. Rectal temperature
The mean rectal temperature of infected sheep (groups 2–6) 
was significantly higher (P < 0.05) than that of uninfected 
group 1 from week 1 to week 2 PI before the onset of 
treatment (Table 2). By week 3, there was no significant 
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Table 1. Number of T. brucei-infected WAD sheep before and after treatment with DA and either levamisole or vitamin A combinations.

Weeks
Experimental groups

Uninfected,
untreated  DA DA + levamisole DA + vit A 2 

weeks PI
DA + vit A 3 
weeks PI

DA + vit A + 
levamisole

0 0/4 0/4 0/4 0/4 0/4 0/4

1 0/4 4/4 4/4 4/4 4/4 4/4

2 0/4 3/3 3/3 4/4 3/3 4/4

3 0/4 0/3 0/3 0/4 2/2 0/4

4 0/4 0/3 0/3 0/4 0/2 0/4

5 0/4 0/3 0/3 0/4 0/2 0/4

6 0/4 0/3 0/3 0/4 0/2 0/4

7 0/4 0/3 0/3 0/4 0/2 0/4

8 0/4 0/3 0/3 0/4 0/2 0/4

9 0/4 0/3 0/3 0/4 0/2 0/4

10 0/4 0/3 0/3 0/4 0/2 0/4

11 0/4 0/3 0/3 0/4 0/2 0/4

12 0/4 0/3 0/3 0/4 0/2 0/4

Numerator: Number of sheep positive; denominator: number infected and surviving.
DA: Diminazene aceturate, 7 mg/kg, i.m.
Levamisole: 5 mg/kg, i.m.
Vitamin A: 50,000 IU, i.m. 

Table 2. Mean rectal temperature (°C) of sheep experimentally infected with T. brucei and treated with DA, levamisole, and vitamin A.

Weeks
Experimental groups

Uninfected, 
untreated DA DA + levamisole DA + vit A 2 

weeks PI
DA + vit A 3 
weeks PI

DA + vit A + 
levamisole

0* 38.68 ± 0.50a 39.05 ± 0.13a 38.80 ± 0.11a 39.00 ± 0.18a 39.05 ± 0.12a 38.88 ± 0.75a

1 39.08 ± 0.15a 39.93 ± 0.37b 40.80 ± 0.09c 40.83 ± 0.85c 40.65 ± 0.65c 40.34 ± 0.65c

2** 39.25 ± 0.12a 40.63 ± 0.88c 40.00 ± 0.26b 39.93 ± 0.48b 40.93 ± 0.67c 39.88 ± 0.21b

3*** 28.85 ± 0.65a 39.97 ± 0.33b 39.17 ± 0.32a 39.30 ± 0.20a 39.85 ± 0.15b 39.03 ± 0.06a

4 39.15 ± 0.16a 39.00 ± 0.06a 39.07 ± 0.22a 39.35 ± 0.22ab 39.85 ± 0.05b 39.98 ± 0.18a

5 38.98 ± 0.31a 38.90 ± 0.06a 39.30 ± 0.15a 39.25 ± 0.20a 39.20 ± 0.20a 39.08 ± 0.08a

6 39.03 ± 0.33a 39.27 ± 0.37ab 40.00 ± 0.06b 39.03 ± 0.17a 38.90 ± 0.00a 39.28 ± 0.16ab

7 38.85 ± 0.06a 39.67 ± 0.23b 39.70 ± 0.10b 38.98 ± 0.03a 38.95 ± 0.05a 39.18 ± 0.16a

8 39.55 ± 0.19a 39.47 ± 0.29a 39.83 ± 0.07a 39.35 ± 0.20a 39.90 ± 0.10a 39.43 ± 0.20a

9 39.45 ± 0.26a 39.43 ± 0.30a 39.27 ± 0.22a 39.13 ± 0.19a 39.70 ± 0.20a 39.35 ± 0.18a

10 39.75 ± 0.25a 39.30 ± 0.17ab 38.87 ± 0.32b 39.40 ± 0.15ab 39.55 ± 0.05ab 39.30 ± 0.25ab

11 39.25 ± 0.24a 39.27 ± 0.37a 39.57 ± 0.28a 39.57 ± 0.17a 38.85 ± 0.05a 39.38 ± 0.18a

12 39.60 ± 0.24a 39.50 ± 0.20a 39.67 ± 0.28a 39.28 ± 0.16a 39.60 ± 0.10a 39.05 ± 0.10a

Different superscripts a, b, c in a row indicate significant differences between the means of the groups at P < 0.05.
*Experimental infection, **early treatment, ***late treatment.
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difference in rectal temperatures of treated sheep (groups 
3, 4, and 6) and that of the uninfected control. Mean 
rectal temperature of the animals in DA-treated groups 
was higher than that in the other experimental groups. By 
weeks 4 and 6, mean rectal temperature was significantly 
(P < 0.05) higher in groups 5 and 3, respectively, when 
compared with the other experimental groups. From week 
7 to the end of the experiment, there was no significant 
difference in rectal temperatures of any of the experimental 
groups. 
3.4. Body weight 
From weeks 7 to 8 mean proportional body weight was 
significantly (P < 0.05) lower in group 4 than in the other 
experimental groups (Table 3), while from weeks 10 to 12, 
it was significantly (P < 0.05) higher in group 5 than in the 
other groups. 
3.5. Respiratory rate
There was a significant (P < 0.05) increase in the mean 
group respiratory rate of sheep in the infected groups 
from week 1 to week 2 PI when compared with that of the 
uninfected control (Table 4). From week 3 to the end of 
the study, there was no significant difference in respiratory 
rates of any of the experimental groups.
3.6. Pulse rate
There was a significant increase (P < 0.05) in mean pulse 
rates of sheep in the infected groups when compared 

with that of the uninfected group from week 1 to week 3 
(Table 5). From week 3 to the end of the experiment, there 
was no significant difference in pulse rates of any of the 
experimental groups.
3.7. Mean group packed cell volumes 
Mean group PCV was significantly (P < 0.05) lower in 
the infected and treated groups from week 1 to the end 
of the study when compared with the uninfected group 
(Table 6). By weeks 4, 6, 7, 8, and 9 the PCV of sheep in 
group 4 was significantly (P < 0.05) lower than those of 
the other treated groups. By week 5, PCVs of groups 4 
and 5 were significantly (P < 0.05) lower than those of the 
other treatment groups. By weeks 9, 10, and 11 the PCVs 
of groups 2 and 4 were significantly (P < 0.05) lower than 
those of the other treatment groups.
3.8. Mean group hemoglobin concentrations 
Mean group Hb was significantly (P < 0.05) lower in 
the infected groups when compared with that of the 
uninfected control by week 1 (Table 7). From week 2 to 
week 3 PI there was no significant difference in the Hb of 
the uninfected and treated groups, except groups 4 and 5. 
By week 4, the Hb concentrations of groups 1, 3, and 6 
were significantly (P < 0.05) higher than those of groups 2, 
4, and 5. By weeks 5, 6, 7, 10, and 11 the Hb concentrations 
of sheep in groups 2 and 4 were significantly (P < 0.05) 
lower than those of the other experimental groups.

Table 3. Mean proportional body weight gain (kg ± SE) of sheep experimentally infected with T. brucei and treated with DA, levamisole, 
and vitamin A.

Weeks
Experimental groups

Uninfected, 
untreated DA DA + levamisole DA + vit A 2 

weeks PI
DA + vit A 3 
weeks PI

DA + vit A + 
levamisole

0* 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a

1 1.28 ± 0.29ab 1.34 ± 0.03ab 1.40 ± 0.06ab 1.21 ± 0.06a 1.42 ± 0.08b 1.35 ± 0.1ab

2** 1.34 ± 0.05ab 1.22 ± 0.08ab 1.34 ± 0.08ab 1.18 ± 0.05a 1.42 ± 0.06b 1.30 ± 0.09ab

3*** 1.31 ± 0.05a 1.36 ± 0.07a 1.34 ± 0.09a 1.12 ± 0.07a 1.34 ± 0.14a 1.30 ± 0.09a

4 1.34 ± 0.05a 1.15 ± 0.05a 1.19 ± 0.06a 1.13 ± 0.07a 1.33 ± 0.24a 1.32 ± 0.10a

5 1.33 ± 0.09a 1.33 ± 1.12a 1.27 ± 0.09a 1.12 ± 0.07a 1.22 ± 0.22a 1.32 ± 0.10a

6 1.33 ± 0.09ab 1.31 ± 0.10ab 1.45 ± 0.08b 1.08 ± 0.07a 1.33 ± 0.18ab 1.35 ± 0.10ab

7 1.34 ± 0.05a 1.42 ± 0.14a 1.51 ± 0.05a 1.00 ± 0.07b 1.40 ± 0.25a 1.30 ± 0.09ab

8 1.38 ± 0.08a 1.42 ± 0.14a 1.51 ± 0.05a 1.00 ± 0.07b 1.36 ± 0.21a 1.28 ± 0.11ab

9 1.37 ± 0.09ab 1.44 ± 0.16ab 1.53 ± 0.07b 1.04 ± 0.09a 1.39 ± 0.25ab 1.26 ± 0.12ab

10 1.34 ± 0.05ab 1.42 ± 0.14bc 1.51 ± 0.05bc 1.04 ± 0.09a 1.71 ± 0.00c 1.26 ± 1.24ab

11 1.38 ± 0.08a 1.42 ± 0.14a 1.51 ± 0.07a 1.20 ± 0.06a 1.86 ± 0.00b 1.35 ± 0.10a

12 1.38 ± 0.80ab 1.44 ± 0.16ab 1.53 ± 0.07b 1,15 ± 0.11a 1.86 ± 0.00c 1.30 ± 0.09ab

Different superscripts a, b, c in a row indicate significant differences between the means of the groups at P < 0.05.
*Experimental infection, **early treatment, ***late treatment.
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Table 4. Mean respiratory rates (breaths/min) of sheep experimentally infected with T. brucei and treated with DA, levamisole, and 
vitamin A.

Weeks
Experimental groups

Uninfected, 
untreated DA DA + levamisole DA + vit A 2

weeks PI
DA + vit A 3
weeks PI

DA + vit A + 
levamisole

0* 28.5 ± 0.65a 27.75 ± 0.48a 27.50 ± 0.65a 27.25 ± 1.55a 27.00 ± 0.71a 29.25 ± 0.48a

1 28.50 ± 0.87a 31.00 ± 0.71ab 32.00 ± 0.91b 31.50 ± 1.55ab 31.50 ± 0.65ab 33.50 ± 0.87b

2** 28.00 ± 1.81a 33.00 ± 0.58bc 32.00 ± 0.58bc 31.00 ± 0.41b 33.33 ± 0.67c 31.00 ± 0.41b

3*** 28.00 ± 1.08a 29.67 ± 1.67a 29.00 ± 0.58a 28.75 ± 0.48a 29.50 ± 0.50a 28.25 ± 0.49a

4 27.00 ± 0.58a 28.33 ± 0.33a 28.67 ± 0.89a 28.50 ± 0.96a 29.00 ± 1.00a 29.00 ± 0.41a

5 28.25 ± 0.63a 28.67 ± 0.88a 28.00 ± 1.15a 29.25 ± 0.95a 27.50 ± 0.50a 29.00 ± 0.41a

6 27.50 ± 0.50a 29.00 ± 2.08a 27.67 ± 0.88a 28.25 ± 0.63a 29.00 ± 1.00a 27.75 ± 0.25a

7 28.75 ± 1.03a 29.33 ± 1.33a 28.33 ± 0.33a 29.00 ± 0.96a 28.50 ± 1.00a 28.25 ± 0.63a

8 29.25 ± 1.11a 31.00 ± 1.53a 28.67 ± 0.88a 28.50 ± 0.65a 29.00 ± 0.00a 29.75 ± 0.25a

9 27.50 ± 0.50a 30.67 ± 1.20b 28.00 ± 0.00a 28.75 ± 0.48a 28.00 ± 0.00a 28.25 ± 0.48a

10 27.25 ± 1.03a 29.00 ± 1.00a 28.00 ± 0.58a 28.00 ± 0.82a 28.50 ± 1.50a 28.50 ± 0.65a

11 27.50 ± 0.50a 29.67 ± 1.20a 28.00 ± 1.15a 29.25 ± 0.85a 29.50 ± 1.50a 29.25 ± 0.48a

12 29.25 ± 1.11ab 31.33 ± 1.33b 28.33 ± 0.67a 28.50 ± 0.29a 29.50 ± 0.50ab 29.00 ± 0.41ab

Different superscripts a, b, c in a row indicate significant differences between the means of the groups at P < 0.05.
*Experimental infection, **early treatment, ***late treatment.

Table 5. Mean pulse rates (pulsations /min) of sheep experimentally infected with T. brucei and treated with DA, levamisole, and vitamin A.

Weeks
Experimental groups

Uninfected, 
untreated DA DA + levamisole DA + vit A 2 

weeks PI
DA + vit A 3 
weeks PI

DA + vit A + 
levamisole

0* 82.25 ± 3.47a 81.50 ± 1.71a 85.50 ± 2.21a 86.00 ± 2.68a 84.25 ± 3.07a 85.00 ± 2.80a

1 86.50 ± 1.32a 94.25 ± 2.21ab 96.00 ± 1.58ab 93.75 ± 2.50b 96.25 ± 3.07b 98.00 ± 3.39b

2** 85.50 ± 2.73a 93.33 ± 1.76ab 93.33 ± 3.28ab 95.75 ± 3.33b 99.00 ± 0.41b 100.50 ± 3.97b

3*** 84.25 ± 1.93a 89.00 ± 1.00ab 89.00 ± 1.00ab 90.00 ± 0.41b 92.50 ± 2.50b 92.50 ± 2.04b

4 86.25 ± 1.43a 89.00 ± 1.15a 87.00 ± 1.00a 84.00 ± 2.36a 87.00 ± 3.00a 88.00 ± 0.49a

5 81.50 ± 2.75a 83.33 ± 2.91a 79.00 ± 7.00a 86.00 ± 2.48a 88.00 ± 2.00a 84.25 ± 2.32a

6 80.50 ± 2.96a 88.00 ± 1.15a 79.50 ± 5.50a 88.25 ± 0.63a 87.00 ± 1.00a 81.25 ± 2.95a

7 83.50 ± 2.06a 85.00 ± 3.61a 84.50 ± 5.50a 85.75 ± 2.39a 89.00 ± 1.00a 84.00 ± 2.92a

8 83.00 ± 3.49a 84.67 ± 3.38a 85.50 ± 2.50a 81.25 ± 2.93a 85.00 ± 5.00a 82.50 ± 1.66a

9 83.75 ± 2.53a 85.67 ± 3.38a 87.50 ± 0.50a 88.50 ± 0.29a 88.50 ± 0.50a 89.00 ± 0.60a

10 88.50 ± 0.65a 83.67 ± 2.85ab 82.00 ± 6.00a 86.75 ± 0.25ab 86.50 ± 0.50ab 87.25 ± 0.48ab

11 86.25 ± 0.85a 89.33 ± 0.67a 87.50 ± 2.50a 88.50 ± 0.96a 89.00 ± 1.00a 88.00 ± 1.22a

12 82.75 ± 3.64a 87.67 ± 0.88a 81.00 ± 2.00a 89.25 ± 0.48a 88.00 ± 2.00a 82.25 ± 3.47a

Different superscripts a, b in a row indicate significant differences between the means of the groups at P < 0.05.
*Experimental infection, **early treatment, ***late treatment.
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Table 6. Mean PCV (%) of sheep experimentally infected with T. brucei and treated with DA, levamisole, and vitamin A.

Weeks
Experimental groups

Uninfected, 
untreated DA DA + levamisole DA + vit A 2 

weeks PI
DA + vit A 3 
weeks PI

DA + vit A + 
levamisole

0* 35.50 ± 1.26a 31.75 ± 3.07a 33.75 ± 3.33a 33.25 ± 3.77a 34.75 ± 3.90a 31.75 ± 2.95a

1 37.50 ± 0.96a 25.00 ± 4.12b 22.50 ± 3.80b 21.50 ± 3.40b 25.25 ± 1.93b 21.75 ± 3.90b

2** 39.50 ± 0.50a 19.67 ± 4.18b 18.67 ± 0.33b 21.25 ± 3.20b 22.67 ± 1.45b 21.50 ± 3.20b

3*** 39.50 ± 0.29a 22.33 ± 2.85b 20.00 ± 2.89b 18.50 ± 2.53b 22.50 ± 0.50b 20.50 ± 2.63b

4 38.75 ± 0.48a 22.00 ± 2.52b 22.67 ± 1.76b 18.25 ± 2.32b 20.50 ± 0.50b 22.75 ± 2.63b

5 38.00 ± 0.48a 25.00 ± 1.53b 27.33 ± 1.45b 18.00 ± 2.27c 19.00 ± 0.00c 23.25 ± 1.60bc

6 38.50 ± 0.29a 24.67 ± 0.33cd 28.00 ± 1.15bc 22.75 ± 1.15d 26.00 ± 1.00bcd 39.00 ± 1.47b

7 37.50 ± 0.29a 26.30 ± 0.33d 30.00 ± 1.15bc 22.00 ± 1.08c 32.00 ± 2.00b 28.25 ± 0.75c

8 38.25 ± 0.29a 28.67 ± 0.33bc 27.33 ± 1.15c 23.75 ± 1.08d 30.50 ± 2.00b 27.50 ± 0.75c

9 38.00 ± 0.48a 26.00 ± 0.58c 30.00 ± 1.15b 24.00 ± 0.48c 29.50 ± 0.50b 30.00 ± 0.71b

10 38.00 ± 0.00a 24.66 ± 0.33d 32.00 ± 1.15b 23.75 ± 0.25d 29.00 ± 0.00c 29.75 ± 0.85c

11 36.50 ± 0.65a 26.67 ± 1.20d 32.00 ± 0.58b 25.25 ± 0.25d 29.50 ± 0.50c 29.25 ± 0.48c

12 37.50 ± 0.29a 26.67 ± 0.88dc 31.33 ± 0.67b 26.00 ± 0.58c 28.50 ± 0.50cd 29.75 ± 0.85bc

Different superscripts a, b, c, d in a row indicate significant differences between the means of the groups at P < 0.05.
*Experimental infection, **early treatment, ***late treatment.

Table 7. Mean group hemoglobin concentration (g/dL) of sheep experimentally infected with T. brucei and treated with DA, levamisole, 
and vitamin A.

Weeks
Experimental groups

Uninfected, 
untreated DA DA + levamisole DA + vit A 2 

weeks PI
DA + vit A 3 
weeks PI

DA + vit A + 
levamisole

0* 9.65 ± 0.09a 9.70 ± 0.14a 9.75 ± 0.10a 8.98 ± 0.41a 9.83 ± 0.66a 9.63 ± 0.90a

1 10.10 ± 0.14a 8.70 ± 0.12b 8.68 ± 0.12b 7.00 ± 0.18c 8.85 ± 0.57b 8.05 ± 0.61bc

2** 10.88 ± 0.43a 11.17 ± 0.44a 11.83 ± 0.95a 8.43 ± 0.19b 8.83 ± 0.17b 11.83 ± 0.31a

3*** 11.50 ± 0.65a 11.17 ± 0.44a 11.17 ± 0.74a 8.05 ± 0.50b 7.40 ± 0.40b 11.98 ± 0.18a

4 12.75 ± 0.25ab 10.17 ± 0.44c 11.83 ± 0.52b 10.08 ± 0.15c 10.40 ± 0.50c 13.13 ± 0.16a

5 12.88 ± 0.13a 11.33 ± 0.67c 13.27 ± 0.39ab 10.00 ± 0.08d 14.25 ± 0.25b 13.93 ± 0.15b

6 12.53 ± 0.21ab 10.67 ± 0.33d 11.73 ± 0.37b 9.73 ± 0.15c 14.00 ± 0.20a 12.90 ± 0.31a

7 12.70 ± 0.12a 11.00 ± 0.29b 12.17 ± 0.49a 10.05 ± 0.16c 12.65 ± 0.15a 12.80 ± 0.27a

8 13.30 ± 0.12a 12.03 ± 057b 12.07 ± 0.54b 10.70 ± 0.12c 14.00 ± 0.20a 13.40 ± 0.13a

9 14.00 ± 0.00a 12.00 ± 0.50b 12.27 ± 0.64b 10.70 ± 0.12c 14.00 ± 0.20a 13.90 ± 0.12a

10 14.53 ± 0.21a 11.63 ± 0.37c 13.23 ± 0.43b 10.78 ± 0.10a 13.75 ± 0.25b 13.75 ± 0.13b

11 14.63 ± 0.13a 11.43 ± 0.47c 12.67 ± 0.23b 10.08 ± 0.34d 13.00 ± 0.00b 13.05 ± 0.24b

12 14.95 ± 0.50a 11.77 ± 0.43d 13.23 ± 0.43b 12.18 ± 0.17cd 12.75 ± 0.25bc 13.10 ± 0.27b

Different superscripts a, b, c, d in a row indicate significant differences between the means of the groups at P < 0.05.
*Experimental infection, **early treatment, ***late treatment.
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3.9. Mean group RBC counts
Mean group total RBC count was significantly (P < 0.05) 
lower in the infected groups when compared with the 
uninfected animals by weeks 2, 4, and 5 of the experiment 
(Table 8). By weeks 3, 6, 7, 8, 9, 10 11, and 12, however, 
there was no significant difference in mean group RBC 
counts of any of the experimental groups. 

4. Discussion
Experimental infection of WAD sheep with T. brucei 
was achieved perhaps due to the high number of 
parasites inoculated (1 × 106). Trypanotolerance is 
known to be limited by high challenge rates (16). In 
semidomesticated red-fronted gazelles subjected to the 
stress of captivity and experimental infection with 1.5 × 
106 T. b. brucei, trypanotolerance was not absolute and 
severe trypanosomosis similar to that found in domestic 
animals occurred (17). When subjected to high doses of 
infective organisms, trypanotolerant animals succumb to 
infection and show clinical disease (16). Their resistance is 
particularly effective in the face of mild pathogenic species 
of trypanosomes or may be developed against particular 
prevalent strains/species of trypanosomes in a locality, 
in which case infection with new strains/species will not 
confer immunity (16). 

The prepatent period observed here agrees with the 
report of Mohammed et al. (18) in T. congolense-infected 

sheep. Differences in prepatent periods may be attributed 
to the number of parasites inoculated, the pathogenicity 
of the parasite, and the immune status of the host (19). 
No differences in time of parasite clearance were observed 
among the treatment groups. 

Pyrexia is a cardinal clinical sign in trypanosomosis 
(3,20). Pyrexia was intermittent and lasted between 
weeks 1 and 3 PI. Fever is due to the stimulation of the 
thermoregulatory center of the hypothalamus by pyrogens 
released during trypanosome infection. Treatment 
reversed pyrexia in treated animals and hence the return 
to normal temperature values occurred from week 5 of the 
experiment. 

There was no significant (P > 0.05) change in 
mean group proportional body weight gains of all the 
experimental animals from weeks 1 to 10 PI. This result 
agrees with the findings of Akpa et al. (21), who reported 
no loss of weight in bovine trypanosomosis, but it differs 
from those of some researchers who reported cases of 
weight loss in trypanosomosis (22). Significant (P < 0.05) 
increase in proportional body weight gain was recorded 
from week 11 to the end of the study in group 5 (DA 
+ vitamin A 3 weeks PI) when compared with all the 
other experimental groups. Studies in cattle have shown 
that weight changes in trypanosomosis are markedly 
influenced by levels of protein and energy intake (23). Low 
levels of both nutrients can exacerbate the adverse effects 

Table 8. Mean RBC counts (×106 /µL) of sheep experimentally infected with T. brucei and treated with DA, levamisole, and vitamin A.

Weeks
Experimental groups

Uninfected, 
untreated DA DA + levamisole DA + vit A 2 

weeks PI
DA + vit A 3 
weeks PI

DA + vit A + 
levamisole

0* 12.26 ± 1.50a 12.91 ± 1.14a 11.79 ± 1.17a 11.74 ± 1.17a 12.44 ± 1.07a 11.32 ± 1.08a

1 11.95 ± 1.26a 11.06 ± 0.76ab 8.72 ± 0.55c 9.08 ± 0.43bc 10.01 ± 0.47ab 8.62 ± 0.23c

2** 13.36 ± 0.95a 8.44 ± 0.26b 8.90 ± 0.52b 9.05 ± 0.13b 8.71 ± 0.11b 9.11 ± 0.07b

3*** 12.85 ± 0.67a 10.45 ± 0.73bc 9.51 ± 0.30c 11.37 ± 0.35ab 10.00 ± 0.30bc 10.52 ± 0.28bc

4 13.89 ± 0.39a 9.65 ± 0.41b 10.69 ± 1.28b 11.38 ± 0.24b 10.73 ± 0.15b 11.14 ± 0.78b

5 13.80 ± 0.36a 10.70 ± 0.61b 11.12 ± 1.19b 11.86 ± 0.10ab 11.41 ± 0.36ab 11.51 ± 1.09ab

6 13.30 ± 0.50ab 11.27 ± 0.67b 11.50 ± 0.87ab 13.35 ± 0.18ab 13.62 ± 0.35a 12.06 ± 0.78ab

7 13.33 ± 0.20ab 12.70 ± 0.35ab 12.61 ± 0.38a 13.90 ± 0.10ab 14.00 ± 0.00b 13.15 ± 0.65ab

8 13.37 ± 0.24a 11.93 ± 0.93b 13.46 ± 0.32a 13.17 ± 0.17ab 14.25 ± 0.25a 13.74 ± 0.22a

9 13.94 ± 0.60ab 13.21 ± 0.45a 13.98 ± 0.29ab 13.63 ± 0.88ab 14.45 ± 0.11b 14.24 ± 0.28b

10 13.95 ± 0.18a 14.00 ± 0.00a 13.96 ± 0.04a 13.72 ± 0.15a 14.78 ± 0.22b 14.73 ± 0.23b

11 14.21 ± 0.26a 14.10 ± 0.11a 14.06 ± 0.60a 14.12 ± 0.19a 14.83 ± 0.18b 14.61 ± 0.08b

12 14.23 ± 0.13a 14.34 ± 0.17a 14.52 ± 0.06ab 14.27 ± 0.30a 15.00 ± 0.00b 14.97 ± 0.35b

Different superscripts a, b, c in a row indicate significant differences between the means of the groups at P < 0.05.
*Experimental infection, **early treatment, ***late treatment.
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of trypanosomosis on body weight (24). Levamisole has 
been reported to improve weight gain when administered 
at repeated doses of 2.5 mg/kg (10), but in this work it was 
only administered once.

Respiratory and pulse rates were also significantly (P 
< 0.5) increased in infected animals when compared with 
the uninfected from 1 to 3 weeks of the experiment. This 
is at variance with the work of Chukwudi et al. (25), who 
reported no significant changes in pulse rates of WAD 
sheep infected with T. congolense, but in agreement with 
Lazim et al. (26), who recorded similar observations 
of increased pulse and respiration rates during an 
experimental infection of goats with T. vivax. Hyperpnea 
and tachycardia are associated with cardiac insufficiency 
resulting from anemia, which is a cardinal feature of 
trypanosomosis.

Significant reductions in total RBC counts, PCV, and 
Hb observed after infection are indicative of anemia and 
are in agreement with earlier reports that trypanosomosis 
causes anemia (1,27). Some factors reported to be 
responsible for these reductions include erythrocyte injury 
caused by the lashing action of trypanosome flagella, 
undulating pyrexia, platelet aggregation, toxins and 
metabolites from trypanosomes, lipid peroxidation, and 
malnutrition (28). The severity of anemia depends on the 
level and duration of parasitemia in trypanosome-infected 
animals. Reductions in total RBC counts, PCV, and Hb 
were, however, reversed by treatment. Sheep treated with 

DA, levamisole, and vitamin A combinations had higher 
values than those treated with DA alone. Those treated 
with DA and levamisole also had higher blood indices 
than those treated with DA and vitamin A. This finding 
agrees with the report of Adieme et al. (29) in rats infected 
with T. brucei treated with levamisole and/or vitamin C 
combination with DA.  

Clinical signs of pale mucous membranes, anorexia, 
facial edema, and enlargement of prefemoral and 
prescapular lymph nodes observed are characteristic of 
trypanosomosis in animals (22,25). Muscular spasms, 
circling, and torticollis observed in some sheep before 
treatment agrees with the findings of Desquesnes et al. 
(30), who reported nervous signs in T. evansi infections 
of sheep and goats. Clinical signs were more severe with 
mortality of up to 50% in the group that was treated 3 weeks 
PI. Late treatment of trypanosomosis is disadvantageous 
to livestock because parasites may invade various tissues 
and organs, including the brain, where they become 
sequestered and often inaccessible to drugs (21), causing 
relapse of infection after treatment. All clinical signs 
observed were reversed following treatment. 

Early treatment of trypanosomosis in WAD sheep 
using combinations of DA, levamisole, and/or vitamin A 
significantly (P < 0.05) increased the PCV and Hb values 
of treated animals when compared with those of the other 
experimental groups.

References

1.   Laohasinnarong D, Goto Y, Asada M, Nakao R, Hayashida 
K, Kaijino K, Kawazu S, Sugimoto C, Inoue N, Namangala 
B. Studies of trypanosomiasis in the Luangwa valley, North 
Eastern Zambia. Parasit Vector 2015; 8: 497.

2.  Oyewusi JA, Saba AB, Oridupa OA. The course of 
trypanosomiasis in laboratory rabbits following experimental 
infection, treatment and re-infection: a haematological study. 
Euro J Sci Res 2010; 42: 411-419. 

3.   Giordani F, Morrison LJ, Rowan TG, De Koning HP, Barrett 
MP. The animal trypanosomiases and their chemotherapy: a 
review. Parasitology 2016; 143: 1862-1889.

4.  Guttierrez C, Gonzalez-Martin M, Corbera JA, Tejedor-
Juanco MT. Chemotherapeutic agents against pathogenic 
animal trypanosomes. In: Mendez-Vilas A, editor. Microbial 
Pathogens and Strategies for Combating Them: Science, 
Technology and Education. New York, NY, USA: Formatex; 
2013. pp. 1564-1573.

5.   Nwodo NJ, Ibezim A, Ntie-Kang F, Adikwu MU, Mbah CJ. 
Anti-trypanosomal activity of Nigerian plants and their 
constituents. Molecules 2015; 20: 7750-7771.

6.  Mungube EO, Vitouley HS, Cudjoe EA, Diall O, Boucoum Z, 
Diarra B, Sanogo Y, Randolph TF, Bauer B, Zessin KH et al. 
Detection of multiple drug resistant Trypanosoma congolense 
populations in village cattle of South-East Mali. Parasit Vector 
2012; 5: 155.

7.  Clausen PH, Bauer B, Zessin KH, Diall O, Bocoum Z, Sidibe I, 
Affognon H, Waibel H, Grace D, Randolph T. Preventing and 
containing trypanocide resistance in the cotton zone of West 
Africa. Transbound Emerg Dis 2010; 57: 28-32.

8.  Geerts S, Holmes PH. Drug management and parasite resistance 
in bovine trypanosomiasis in Africa. PAAT Technical Scientific 
Series 1998; 1: 1-38.

9.  Yashan H, Lin X, Tong Y. Effects of vitamin A status on immune 
function in youth of China. In: Report of XVI International 
Vitamin A Consultative Group Meeting, Thailand. Washington 
DC, USA: ILSI Press; 1995. pp. 69-71.

10.   Stellata C, Cuteri V, Frangipane di Regalbono A, Orsi F, Nisoli 
L, Lulla D, Morgante M. Effect of levamisole administration on 
bluetongue vaccination in sheep. Vet Italia 2004; 40: 635-639. 

11.  National Academy of Sciences. Guide for the Care and 
Use of Laboratory Animals. 8th ed. Washington DC, USA: 
National Academy Press; 2011. 

http://dx.doi.org/10.1186/s13071-015-1112-y
http://dx.doi.org/10.1186/s13071-015-1112-y
http://dx.doi.org/10.1186/s13071-015-1112-y
http://dx.doi.org/10.1186/s13071-015-1112-y
http://dx.doi.org/10.1017/S0031182016001268
http://dx.doi.org/10.1017/S0031182016001268
http://dx.doi.org/10.1017/S0031182016001268
http://dx.doi.org/10.3390/molecules20057750
http://dx.doi.org/10.3390/molecules20057750
http://dx.doi.org/10.3390/molecules20057750
http://dx.doi.org/10.1186/1756-3305-5-155
http://dx.doi.org/10.1186/1756-3305-5-155
http://dx.doi.org/10.1186/1756-3305-5-155
http://dx.doi.org/10.1186/1756-3305-5-155
http://dx.doi.org/10.1186/1756-3305-5-155
http://dx.doi.org/10.1111/j.1865-1682.2010.01129.x
http://dx.doi.org/10.1111/j.1865-1682.2010.01129.x
http://dx.doi.org/10.1111/j.1865-1682.2010.01129.x
http://dx.doi.org/10.1111/j.1865-1682.2010.01129.x


90

AKPAN et al. / Turk J Vet Anim Sci

12.   Herbert WJ, Lumsden WHR. Trypanosoma brucei: a rapid 
matching method for estimating the host’s parasitemia. Exp 
Parasitol 1976; 40: 427- 431.

13.  Thrall MA, Weiser MG. Haematology. In: Hendrix CM, editor. 
Laboratory Procedures for Veterinary Technicians. 4th ed. St 
Louis, MO, USA: Mosby Inc.; 2002. pp. 29-74. 

14.  Higgins T, Beutler E, Doumas BT. Measurement of hemoglobin 
in blood. In: Burtis CA, Ashwood ER, Bruns DE, editors. Tietz 
Fundamentals of Clinical Chemistry. 6th ed. St Louis, MO, 
USA: Saunders Elsevier; 2008. pp. 514-515.

15.   Dacie JV, Lewis SM. Practical Haematology. 5th ed. Edinburgh, 
UK: Longman; 1991.

16.  Uilenberg G. A Field Guide for the Diagnosis, Treatment and 
Prevention of African Animal Trypanosomosis. Rome : FAO; 
1998. 

17.  Mbaya AW, Aliyu MM, Nwosu CO. Effect of cymelarsan and 
berenil on clinic-pathological changes in red-fronted gazelles 
(Gazella rufifrons) experimentally infected with Trypanosoma 
brucei. Niger Vet J 2008; 29: 27-40. 

18.   Mohammed B, Sani A, Najume DI, Alao I, Akpofure NE. Effect 
of immunomodulation with levamisole on the course and 
pathogenesis of acute experimental Trypanosoma congolense 
infection in sheep. Afr J Biotechnol 2009; 8: 827-834.

19.   Dagnachew S, Terefe G, Abebe G, Sirak A, Bollo E, Barry D, 
Goddeeris B. Comparative clinic-pathological observations in 
young zebu (Bos indicus) cattle experimentally infected with 
Trypanosoma vivax isolates from tsetse infested and non-tsetse 
areas of North West Ethiopia. BMC Vet Res 2015; 11: 307.

20.   Bezie M, Girma M, Dagnachew S, Tadesse D, Tadesse G. 
African trypanosomes: virulence factors, pathogenicity and 
host responses. J Vet Adv 2014; 4: 732-745.

21.   Akpa PO, Ezeokonkwo RC, Eze CA, Anene BM. Comparative 
efficiency assessment of pentamidine isethionate and 
diminazene aceturate in the chemotherapy of Trypanosoma 
brucei brucei infection in dogs. Vet Parasitol 2008; 151: 139-
149.

22.   De Brito PD, De Sousa Lima T, De Oliveira AF, Façanha 
DAE, Freitas CIA, Braga AP, Batista JS. Evaluation of animal 
performance, feed intake, and economic losses in sheep 
experimentally infected with Trypanosoma vivax. Semina 
Ciências Agrárias 2017; 38: 1323-1334. 

23.   Holmes PH, Katunguka-Rwakishaya E, Bennison JJ, Wassink 
GJ, Parkins JJ. Impact of nutrition on the pathophysiology of 
bovine trypanosomiasis. Parasitology 2000; 120: 573-585.

24.   Majekodunmi AO, Fajinmi A, Dongkum C, Picozzi K, 
Thrusfield MV. A longitudinal survey of African animal 
trypanosomiasis in domestic cattle on the Jos Plateau, Nigeria: 
prevalence, distribution and risk factors. Parasit Vector 2013; 6: 
239.

25.   Chukwudi IC, Anene BM, Chukwu CC, Ezeh IC, Ogbu KI. 
Effect of peste des petits ruminants vaccination on clinic-
haematological parameters of West African dwarf sheep 
experimentally infected with Trypanosoma congolense. Ann 
Res Rev Biol 2016; 9: 1-13.

26.   Lazim SAM, Abdelrahim AI, Ismail AA, Ibrahim AM. Clinical 
parameters of goats experimentally infected with Trypanosoma 
vivax. J Appl Ind Sc 2015; 3: 137-140.

27.  Nweze NE, Anene BM, Asuzu IU. Investigation of the 
antitrypanosomal activity of Buchholzia coriacea seed extract 
against a field strain of Trypanosoma congolense. Afr J Tradit 
Complement Altern Med 2011; 8: 175-180.

28.   Mbaya A, Kumshe H, Nwosu CO. The mechanisms of anaemia 
in trypanosomosis: a review. In: Silverberg S, editor. Anemia. 
Rijeka, Croatia: InTech; 2012. pp. 269-282. 

29.   Adieme IC, Ezeh IO, Ugochukwu EI, Ezeokonkwo RC. Effect of 
diminazene aceturate, levamisole and vitamin C combination 
therapy in rats experimentally infected with Trypanosoma 
brucei brucei. Asian Pac J Trop Med 2014; 7: 438-445.   

30.   Desquesnes M, Dargantes A, Lai DH, Lun ZR, Holzmuller 
P, Jittapalapong S. Trypanosoma evansi and surra: a review 
and perspectives on transmission, epidemiology and control, 
impact and zoonotic aspects. Biomed Res Int 2013; 2013: 
321237.

http://dx.doi.org/10.1016/0014-4894(76)90110-7
http://dx.doi.org/10.1016/0014-4894(76)90110-7
http://dx.doi.org/10.1016/0014-4894(76)90110-7
http://dx.doi.org/10.1186/s12917-015-0625-0
http://dx.doi.org/10.1186/s12917-015-0625-0
http://dx.doi.org/10.1186/s12917-015-0625-0
http://dx.doi.org/10.1186/s12917-015-0625-0
http://dx.doi.org/10.1186/s12917-015-0625-0
http://dx.doi.org/10.5455/jva.20141129012406
http://dx.doi.org/10.5455/jva.20141129012406
http://dx.doi.org/10.5455/jva.20141129012406
http://dx.doi.org/10.1016/j.vetpar.2007.10.024
http://dx.doi.org/10.1016/j.vetpar.2007.10.024
http://dx.doi.org/10.1016/j.vetpar.2007.10.024
http://dx.doi.org/10.1016/j.vetpar.2007.10.024
http://dx.doi.org/10.1016/j.vetpar.2007.10.024
http://dx.doi.org/10.1017/S0031182099005806
http://dx.doi.org/10.1017/S0031182099005806
http://dx.doi.org/10.1017/S0031182099005806
http://dx.doi.org/10.1186/1756-3305-6-239
http://dx.doi.org/10.1186/1756-3305-6-239
http://dx.doi.org/10.1186/1756-3305-6-239
http://dx.doi.org/10.1186/1756-3305-6-239
http://dx.doi.org/10.1186/1756-3305-6-239
http://dx.doi.org/10.9734/ARRB/2016/23671
http://dx.doi.org/10.9734/ARRB/2016/23671
http://dx.doi.org/10.9734/ARRB/2016/23671
http://dx.doi.org/10.9734/ARRB/2016/23671
http://dx.doi.org/10.9734/ARRB/2016/23671
http://dx.doi.org/10.5772/29530
http://dx.doi.org/10.5772/29530
http://dx.doi.org/10.5772/29530

