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Abstract
Animal trypanosomosis is an important endemic and wasting disease in sub-Saharan Africa. Its control relies on chemo-
therapy, and resistance to trypanocides has been widely reported. The pathogenicity of drug-resistant canine trypanosomes 
is not clear with scanty information available. Thus, this study assessed the comparative pathogenicity of drug-resistant and 
drug-sensitive Trypanosoma brucei and Trypanosoma congolense infections in dogs. Twenty Nigerian local dogs were used 
and were randomly assigned into five groups (A–E) of four dogs each. Group A served as the uninfected-control group, while 
groups B and C were infected with  106 drug-sensitive T. congolense and T. brucei. Groups D and E were infected with  106 
multidrug-resistant T. congolense and T. brucei, respectively. The pre-patent period (PPP), clinical signs, level of parasitaemia 
(LOP), rectal temperature, body weight, packed cell volume (PCV), red blood cell count (RBC), haemoglobin concentra-
tion (HbC), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin 
concentration (MCHC), total leucocyte count (TLC) and survivability were assessed. Groups D and E had longer (p < 0.05) 
mean PPP than groups B and C. Also, group E dogs had lower (p < 0.05) mean LOP, longer (p < 0.05) mean survivability, 
and higher (p < 0.05) mean body weight, PCV, HbC and RBC than group C dogs. The clinical signs were very severe in 
group C dogs, compared to group E dogs. However, these parameters did not differ statistically between groups B and D. 
Thus, multidrug-resistant T. brucei was of lower pathogenicity than drug-sensitive T. brucei, while multidrug-resistant and 
drug-sensitive T. congolense had comparable pathogenicity following infection in dogs.

Keywords Multidrug-resistant trypanosomes · Drug-sensitive trypanosomes · Virulence · Survivability

Introduction

Chemotherapy is the most practical and widely applied 
method for controlling African animal trypanosomosis in 
sub-Saharan Africa (Giordani et al. 2016). Other trypanoso-
mosis control methods involving trypanotolerant livestock, 
and tsetse control are sparingly utilized in Africa owing 
to their high cost and laborious nature (Obi et al. 2019). 
Despite the over-dependence on trypanocides for trypano-
somosis control, with an estimated yearly utilization rate of 
about 50 million doses (McDermott et al. 2003), pharma-
ceutical companies are unwilling to fund the development 
and licensing of new animal trypanocides. There is also the 
problem of extensive abuse and poor quality of trypanocides 
(Tekle et al. 2018). The resultant effects are increased pres-
sure on the few available old trypanocides and the occur-
rence of drug-resistant trypanosome strains.
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Trypanocidal resistance has been reported in many Afri-
can countries (Delespaux et al. 2008; Mulandane et al. 2017) 
and is increasingly recognized as a major threat to livestock 
production, pet rearing and the actualization of the sustain-
able development goals (SDGs) in Africa. The pathogenic-
ity of drug-resistant trypanosomes is not clear (Geerts et al. 
2001), though it is generally believed that resistance reduces 
the virulence and/or fitness of parasites in the absence of 
drugs (Coleman et al. 2000). Variations in the virulence and/
or pathogenicity of trypanosomes species, strains and sub-
groups have been reported (Motloang et al. 2014; Kabore 
et al. 2018). Conflicting reports abound on drug-resistant 
trypanosomes’ virulence and/or pathogenicity (Ihedioha 
et al. 2010; Ngumbi and Mnyone 2020). Also, paucity of 
information exists on the pathogenicity of drug-resistant 
trypanosomes in dogs despite reports of drug-resistant trypa-
nosomes in dogs (Anene et al. 1999; Obi et al. 2022a, b). 
Thus, this study assessed the comparative pathogenicity of 
drug-resistant and drug-sensitive Trypanosoma brucei and 
Trypanosoma congolense infections in dogs.

Materials and methods

Experimental animals

Twenty male Nigerian local mongrel dogs aged between 12 
and 24 months and weighing between 5.9 and 9.2 kg used in 
this study were housed in the Kennel Unit of the Laboratory 
Animal House of the Department of Veterinary Parasitology 
and Entomology, University of Nigeria, Nsukka. The dogs 
were identified by body markings and kept in groups of two 
dogs in clean metal cages. They were fed twice daily with 
commercial dog feed (Balance®, Balance Pet Food, Israel) and 
were given clean drinking water in stainless bowels ad libitum.

The dogs were acclimatized for 1 month within which 
they were screened and confirmed negative for trypanoso-
mosis using wet blood film examination, examination of 
Giemsa-stained thin blood smear and buffy coat techniques. 
They were dewormed orally with albendazole (Alben-
dazole®, GSK, UK) at a dose rate of 10 mg per kg body 
weight for 3 consecutive days. The dogs were treated against 
ectoparasites using ivermectin (Ivermectine®, Hebei Kex-
ing Pharmaceutical, China) at a dose rate of 0.3 mg/kg body 
weight and vaccinated against rabies (Canvac®R, Dyntec, 
Czech Republic), canine distemper, hepatitis, leptospirosis, 
parvovirus and parainfluenza (Biocan® Novel Puppy, Bio-
veta, Czech Republic).

Trypanosomes

Trypanosomes used in this study were multidrug-resist-
ant [resistant to both diminazene aceturate (DA) and 

isometamidium chloride (ISM)] and drug-sensitive Tryp-
anosoma brucei and T. congolense. The trypanosomes 
were isolated from naturally infected dogs and molecu-
larly identified via nested ITS-PCR following a cross-sec-
tional study in Enugu North Senatorial Zone, Southeast 
Nigeria between January and August, 2016 (Obi et al. 
2022a). The trypanosomes were also subjected to both 
single and multi-dose tests to determine their sensitivity 
to trypanocides and the dose required to cure 50% of the 
infected animals  (CD50) [Obi et al. 2022b]. The trypano-
somes were multidrug-resistant Trypanosoma brucei (DA 
 CD50 = 34.19 mg/kg; ISM  CD50 = 4.75 mg/kg), multidrug-
resistant Trypanosoma congolense (DA  CD50 = 30.61 mg/
kg; ISM  CD50 = 3.96 mg/kg), drug-sensitive Trypanosoma 
brucei (DA  CD50 = 2.49 mg/kg; ISM  CD50 = 0.19 mg/
kg) and drug-sensitive Trypanosoma congolense (DA 
 CD50 = 3.24 mg/kg; ISM  CD50 = 0.16 mg/kg).

Experimental design

The dogs were randomly assigned to five groups (A–E) 
of four. Random numbers were generated using the stand-
ard = RAND() function in Google Sheets. Group A was 
the uninfected control group, while groups B and C were 
infected intraperitoneally (i.p) with  106 drug-sensitive T. 
congolense and T. brucei, respectively. Groups D and E 
were infected i.p with  106 multidrug-resistant T. congo-
lense and T. brucei, respectively. Thereafter, blood sam-
ples were collected from the dogs and screened daily for 
parasitaemia using wet blood film examination and buffy 
coat techniques. The dogs were also clinically examined 
daily. The blood sampling and clinical examination period 
was between 7:30 am and 1:00 pm. The sampling, clini-
cal examination and analysis order was randomized daily 
and/or weekly. To minimize pain, distress and animal 
suffering, minimal volume of blood was drawn from the 
experimental dogs at each blood sampling with food and 
water adequately provided. Also, experimental dogs show-
ing severe/terminal signs of trypanosomosis and/or with a 
packed cell volume of < 20% were removed from the study 
and were humanely euthanized.

Parameters monitored for the comparative pathogenic-
ity of multidrug-resistant Trypanosoma brucei and Tryp-
anosoma congolense infections included the pre-patent 
period (PPP), clinical signs, first peak parasitaemia (FPP), 
days to first peak parasitaemia (DTFPP), daily level of 
parasitaemia (LOP), weekly body weight, rectal tempera-
ture, packed cell volume (PCV), haemoglobin concentra-
tion (HbC), red blood cell count (RBC), mean corpuscular 
volume (MCV), mean corpuscular haemoglobin (MCH), 
mean corpuscular haemoglobin concentration (MCHC), 
total leucocyte count (TLC) and survivability. The rapid 
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matching method of Herbert and Lumsden (1976) was 
used to assess the daily parasitaemia levels. About 10–20 
microscope fields were examined when parasitaemia was 
detectable, but 40–50 microscope fields were examined 
when not detectable. Clinical signs were assessed by thor-
ough monitoring, observation and palpation of the infected 
groups of dogs and the number of dogs per group exhibit-
ing any observed clinical signs was duly recorded. The 
clinical signs were graded on a four-grade scale (0 = nor-
mal; 1 = mild; 2 = severe; 3 = very severe). The body 
weight and rectal temperature were determined weekly 
using a standard weighing balance (Avery, UK) and a 
digital thermometer. The haematological indices were 
assessed weekly using the standard methods and formulae 
described in Coles (1986).

Data analysis

Data generated from this study were subjected to normal-
ity distribution using Shapiro–Wilk test and analysed using 
one-way analysis of variance (ANOVA). Variant means were 
separated using the least significant difference. Subjective 
clinical sign scores of all the infected groups of dogs were 
subjected to Kruskall-Wallis H test and the mean ranks of 
the groups were compared. The level of significance was 
considered at p < 0.05. All statistical analyses were carried 
out in SPSS version 21 for windows.

Results

Parasitaemia

Parasitaemia was detected in the infected groups of dogs 
between days 4 and 11 post-infection (PI). The mean PPP 
and DFPP of the drug-sensitive trypanosome-infected 
groups B and C did not vary considerably but were signifi-
cantly (p < 0.05) shorter than those of multidrug-resistant 
trypanosome-infected groups D and E (Fig. 1). Amongst 
the multidrug-resistant trypanosome-infected groups, group 
D dogs had significantly (p < 0.05) shorter mean PPP and 
DFPP than group E dogs. Dogs in groups B and C had sig-
nificantly (p < 0.05) higher mean FPP, compared to the dogs 
in groups D and E (Fig. 2). Also, the mean FPP of group E 
dogs was significantly (p < 0.05) lower than that of group 
C dogs, while that of group B dogs did not differ statis-
tically from those of groups D and E. The mean LOP of 
drug-sensitive T. brucei-infected group C dogs was signifi-
cantly (p < 0.05) higher than the rest of the infected groups 
on days 3–6 and 8–10 PI, peaking on day 10 PI (Fig. 3). T. 
congolense-infected groups B and D also had significantly 
(p < 0.05) higher mean LOP than the multidrug-resistant T. 
brucei-infected group E except on day 20 PI.

Clinical findings

The clinical signs observed following infection of the experi-
mental animals are itemized in Table 1. Most of these clini-
cal signs were more severe in groups B, C and D dogs than 
in group E. The multidrug-resistant trypanosome-infected 
groups D and E had significantly lower mean rectal tem-
perature at weeks 3 and 1–2 PI, respectively, compared to the 
drug-sensitive trypanosome-infected groups B and C (Fig. 4).
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Fig. 1  Mean pre-patent period (PPP) and days to first peak parasitae-
mia (DFPP) of either drug-sensitive or multidrug-resistant Trypano-
soma brucei or Trypanosoma congolense in infected dogs
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Fig. 2  Mean first peak parasitaemia (FPP) of dogs infected with 
either drug-sensitive or multidrug-resistant Trypanosoma brucei or 
Trypanosoma congolense 
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There was a significant decrease (p < 0.05) in the mean 
body weight of all the dogs in the infected groups (Fig. 5). 
However, group B had significantly lower (p < 0.05) body 
weight changes than groups C, D and E.

Haematological parameters

A significant (p < 0.05) decline in the mean PCV of the 
infected groups was observed from week 2 PI, compared to 
the uninfected control group (Fig. 6). The drug-sensitive T. 
brucei-infected group C dogs had significantly (p < 0.05) 
lower mean PCV than the multidrug-resistant T. brucei-
infected group E dogs at weeks 2 and 3 PI. The mean 
PCV value of the T. congolense-infected groups B and 
D were decreased but did not differ significantly (p > 0.05).

The mean HbC values of the group C dogs were signifi-
cantly (p < 0.05) lower than that of group E dogs at weeks 1–3 
PI (Fig. 7). Groups B and D had comparable mean HbC values, 
except at week 2 PI, where group B had significantly (p < 0.05) 
lower HbC values. The mean RBC count of group E dogs did 
not differ (p > 0.05) from that of group A till week 2 PI and 
was significantly (p < 0.05) higher than that of group C dogs 
between weeks 1 and 3 PI (Fig. 8). Group D dogs had signifi-
cantly (p < 0.05) higher mean RBC count values at weeks 2 and 
3 PI than the dogs in group B, while group B dogs had signifi-
cantly (p < 0.05) higher mean RBC count than group C and D 
at week 1 PI. A significant decline was observed in the mean 
TLC of the infected groups of dogs, compared to the uninfected 

control group A from week 2–3 PI (Fig. 9). At week 3 PI, the 
mean TLC of group C dogs was significantly (p < 0.05) higher 
when compared with the other infected groups.

Group B dogs had significantly higher (p < 0.05) mean 
MCV values than group C dogs at week 1 PI (Table 2). 
The mean MCH and MCHC of the experimental dogs did 
not significantly differ (p > 0.05) from each other between 
weeks 0–3 PI (Table 2). Beyond week 3 PI, the MCHC 
of group E dogs was significantly lower than that of the 
uninfected control group A.

Survivability

The mean post-infection survival times of the infected dogs were 
20.25 ± 2.32, 19.25 ± 2.32, 24.50 ± 2.75 and 30.25 ± 3.86 days for 
groups B, C, D and E, respectively (Fig. 10). Multidrug-resist-
ant T. brucei-infected group E dogs had significantly (p < 0.05) 
longer mean post-infection survival time than those of groups B 
and C but did not differ significantly (p > 0.05) from that of group 
D. The mean post-infection survival time of group D dogs did not 
also vary significantly (p > 0.05) from those of groups B and C.

Discussion

This study sought to determine the pathogenicity of mul-
tidrug-resistant and drug-sensitive Trypanosoma brucei 
and T. congolense in Nigerian local dogs. Field strains of 

Fig. 3  Mean daily level of 
parasitaemia of dogs infected 
with either drug-sensitive or 
multidrug-resistant Trypano-
soma brucei or Trypanosoma 
congolense 
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Table 1  Clinical signs observed in dogs infected with either drug-sensitive or multidrug-resistant Trypanosoma brucei or Trypanosoma congo-
lense 

Numerator values represent the number of dogs manifesting the clinical signs, while the denominator values represent the number of dogs in the 
group. P < 0.05 is statistically significant

Clinical signs Group A 
(uninfected 
control)

Treatment groups and frequency of occurrence with mean rank clinical sign scores 
in bracket

p-value

Group B (drug-
sensitive T. congo-
lense)

Group C (drug-
sensitive T. 
brucei)

Group D (multidrug-
resistant T. congo-
lense)

Group E (multi-
drug-resistant T. 
brucei)

Nasal and/or ocular discharges 0/4 [3.50] 3/4 [14.75] 4/4 [14.75] 3/4 [13.00] 2/4 [6.50] 0.008
Weakness 0/4 [4.00] 4/4 [16.13] 4/4 [14.75] 4/4 [10.88] 1/4 [6.75] 0.010
Anorexia 0/4 [4.00] 4/4 [13.38] 4/4 [14.75] 4/4 [13.63] 1/4 [6.75] 0.020
Enlargement of the lymph 

nodes
0/4 [6.50] 3/4 [13.88] 2/4 [12.63] 2/4 [11.13] 1/4 [8.38] 0.246

Emaciation 0/4 [4.00] 4/4 [14.75] 4/4 [16.13] 4/4 [12.25] 1/4 [5.38] 0.004
Dullness 0/4 [4.00] 4/4 [13.88] 4/4 [16.63] 4/4 [11.88] 1/4 [6.13] 0.007
Oedema of the face 0/4 [7.00] 2/4 [12.38] 3/4 [14.63] 2/4 [11.50] 0/4 [7.00] 0.116
Oedema of the hind limb 0/4 [8.00] 1/4 [10.38] 2/4 [13.38] 2/4 [12.75] 0/4 [8.00] 0.270
Oedema of the scrotal area 0/4 [6.50] 2/4 [12.75] 3/4 [13.88] 2/4 [10.75] 1/4 [8.63] 0.251
Dehydration 0/4 [6.50 2/4 [12.00] 3/4 [15.38] 2/4 [10.25] 1/4 [8.38] 0.143
Pale mucous membrane 0/4 [3.50] 4/4 [13.88] 4/4 [15.00] 4/4 [12.25] 2/4 [7.88] 0.021
Rough hair coat 0/4 [4.50] 4/4 [14.50] 4/4 [16.00] 3/4 [11.25] 1/4 [6.25] 0.011
Recumbency 0/4 [7.00] 2/4 [11.75] 3/4 [15.00] 2/4 [11.75] 0/4 [7.00] 0.099
Bloody diarrhoea 0/4 [9.00] 1/4 [11.50] 2/4 [14.00] 0/4 [9.00] 0/4 [9.00] 0.202

Fig. 4  Mean weekly rectal 
temperature of dogs infected 
with either drug-sensitive or 
multidrug-resistant Trypano-
soma brucei or Trypanosoma 
congolense 
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multidrug-resistant and drug-sensitive Trypanosoma brucei 
and T. congolense were used with few passages in mice. 
The drug-sensitive T. brucei and T. congolense isolates had 
significantly shorter mean PPP than their multidrug-resistant 
counterparts. Similar findings of significantly shorter mean 
PPP in drug-sensitive isolates compared to drug-resistant 
isolates have been reported in T. congolense (Burudi et al. 
1994; Coleman et al. 2000; Tesfaye et al. 2012) and T. bru-
cei (Egbe-Nwiyi et al. 2005; Ihedioha et al. 2010) infected 
animals. However, in mice infected with drug-sensitive and 
resistant T. congolense (Ngumbi and Mnyone 2020), their 

mean PPP did not vary significantly. Ngumbi and Mny-
one (2020) also reported shorter PPP in drug-resistant T. 
congolense-infected steer than the drug-sensitive T. congo-
lense-infected steer. The differences in the mean PPP may 
be attributed to the varying levels of sensitivity of trypano-
somes to trypanocides, differences in trypanosome species 
and strains, varying infective doses, number of passages of 
trypanosome stock, and the different animal species utilized.

The multidrug-resistant T. brucei-infected group 
E dogs had significantly lower mean LOP, FPP and 
longer mean DTFPP, compared to the drug-sensitive T. 

Fig. 5  Weekly mean propor-
tional weight changes of dogs 
infected with either drug-
sensitive or multidrug-resistant 
Trypanosoma brucei or Trypa-
nosoma congolense 
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Fig. 6  Mean weekly packed cell 
volume (PCV) dogs infected 
with either drug-sensitive or 
multidrug-resistant Trypano-
soma brucei or Trypanosoma 
congolense 
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brucei-infected group C dogs, indicating low virulence 
and the ability of the immune system to control the para-
site, while the higher parasitaemia observed in the groups 
B, C and D dogs suggest that these parasites were more 
virulent. Multidrug-resistant T. congolense-infected group 

D also had longer mean DTFPP than group B. These 
findings were similar to the reports of Egbe-Nwiyi et al. 
(2005) and Ihedioha et al. (2010) in rats. Hugo (2011) 
observed no significant differences in the mean LOP of 
melarsoprol-resistant and sensitive T. brucei rhodesiense 

Fig. 7  Mean weekly haemo-
globin concentration (HbC) 
of dogs infected with either 
drug-sensitive or multidrug-
resistant Trypanosoma brucei or 
Trypanosoma congolense 
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Fig. 8  Mean weekly red blood 
cell counts (RBC) of dogs 
infected with either drug-
sensitive or multidrug-resistant 
Trypanosoma brucei or Trypa-
nosoma congolense 
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in mice, while Tesfaye et al. (2012) observed significantly 
low LOP in goats infected with drug-resistant T. congo-
lense. Lower FPP and longer DTFPP have also observed 
in melarsoprol-resistant T. brucei rhodesiense-infected 
mice (Hugo 2011).

In the current study, beyond week 3 PI, most dogs either 
died or showed terminal clinical signs of trypanosomosis 
and were humanely euthanized. Therefore, evaluating the 
clinical and haematological parameters amongst the dif-
ferent infected groups of dogs was not possible. Conse-
quently, the comparison was made between weeks 0 and 3 
PI. The observed clinical signs following infection of dogs 
were usual of canine trypanosomosis and were akin to the 
reports of Ezeokonkwo et al. (2010) and Obi et al. (2013). 
The severity of the clinical signs observed in groups B, C 
and D dogs could be related to the persistently high level 
of parasitaemia observed in such dogs. Bloody diarrhoea 
was previously reported by Ezeokonkwo et al. (2010) in 
T. congolense-infected dogs. In the present study, it was 
observed in both drug-sensitive T. brucei and T. congo-
lense-infected dogs and was believed to have stemmed 
from intestinal intussusceptions observed in some bloody 
diarrheic dogs at necropsy.

Pyrexia was observed in this study amongst the trypa-
nosome-infected dogs, with the multidrug-resistant trypa-
nosome-infected groups having significantly lower mean 
rectal temperature than the drug-sensitive trypanosome-
infected groups at some weeks post-infection. Increased 
rectal temperature in trypanosome infected dogs was also 
reported by some authors (Ezeokonkwo et al. 2010; Obi 

et al. 2013). Tesfaye et al. (2012) reported diminazene-
sensitive T. congolense-infected goats having higher rectal 
temperatures than the diminazene-resistant infected group. 
Pyrexia in trypanosomosis is hypothesized to arise from the 
metabolism of tryptophan to tryptophol by trypanosomes 
(Taylor and Authie 2004), which tends to exert its effects on 
the thermoregulatory centre of the hypothalamus so that the 
thermostatic level of the body is raised.

The weight loss evident in the infected dogs compared to 
the uninfected dogs could be attributed to anorexia, dehy-
dration and emaciation observed in the infected dogs. The 
multidrug-resistant T. brucei-infected dogs lost the least 
body weight, compared to the other infected groups of 
dogs and this could be associated with the low LOP and 
mild anorexia, emaciation and dehydration observed in the 
multidrug-resistant T. brucei-infected group E dogs. Otavio 
et al. (2016) reported a positive correlation between weight 
loss and the number of circulating Trypanosoma sp. A simi-
lar finding of reduced weight loss was reported by Odette 
(2011) in mice infected with melarsoprol-resistant Trypano-
soma brucei rhodesiense compared to its sensitive counter-
part, while Ihedioha et al. (2010) and Hugo (2011) observed 
no significant differences in the mean body weights of drug-
sensitive and resistant trypanosome-infected animals.

The low levels of packed cell volume, haemoglobin con-
centration and red blood cell counts detected in the infected 
groups of dogs indicate anaemia, manifested by the pallor 
of the mucous membranes. Anaemia is the most prominent 
feature of trypanosomosis and has been reported in several 
trypanosome-infected animals (Ezeokonkwo et al. 2010; 

Fig. 9  Weekly mean total 
leucocyte count (TLC) of dogs 
infected with either drug-
sensitive or multidrug-resistant 
Trypanosoma brucei or Trypa-
nosoma congolense 
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Obi et al. 2013; 2019). The pathophysiology of anaemia in 
trypanosomosis is variable and has been variously reviewed 
by researchers (Taylor and Authie 2004; Mbaya et al. 2012).

The anaemia in multidrug-resistant T. brucei-infected 
group E dogs was mild, compared to that of the other 
infected groups of dogs. Also, multidrug-resistant T. 

congolense-infected group D had less severe anaemia than 
the drug-sensitive T. congolense-infected group B. This may 
indicate that the drug sensitivity of Trypanosoma species 
may have some impact on the pathogenicity of the trypano-
somal infection in animals. The mild anaemia observed in 
the group E dogs could be due to the low LOP, low virulence 

Table 2  Mean corpuscular volume (MCV) ± SEM, mean corpuscular haemoglobin (MCH) ± SEM, and mean corpuscular haemoglobin concen-
tration (MCHC) ± SEM of dogs infected with either drug-sensitive or multidrug-resistant Trypanosoma brucei or Trypanosoma congolense 

SEM = standard error of the mean
a ,bDifferent superscripts in a column for each of the parameters represent significant differences between groups at the probability of p < 0.05

Weeks post-infection

0 1 2 3 4 5

MCV (fL) ± SEM
  Group A — uninfected control 2428 ± 280 2236 ±  271a 2446 ±  304a 2359 ±  205a 2403 ±  302a 2569 ±  150a

  Group B — drug-sensitive T. congolense 2339 ± 321 2303 ±  79a 1345 ±  180b 729 ±  7b

  Group C — drug-sensitive T. brucei 2136 ± 164 1356 ±  101b 909 ±  73b 512 ±  5b

  Group D — multidrug-resistant T. congolense 2529 ± 441 1653 ±  133ab 1064 ±  105b 847 ±  132b

  Group E — multidrug-resistant T. brucei 2222 ± 158 1794 ±  310ab 1212 ±  112b 913 ±  77b 630 ±  11b 436 ±  2b

MCH (pg) ± SEM
  Group A — uninfected control 17.7 ± 1.94 18 ± 2.94 16.6 ± 1.97 17.6 ± 2.09 18.3 ± 2.42 17.1 ± 1.84
  Group B — drug-sensistive T. congolense 17.4 ± 1.68 17.4 ± 2.87 17.6 ± 1.26 21.3 ± 1.95
  Group C — drug-sensitive T. brucei 17.5 ± 1.61 18.1 ± 1.68 24.9 ± 1.94 19.2 ± 0.62
  Group D — multidrug-resistant T. congolense 16.1 ± 1.57 18.5 ± 1.33 22.6 ± 1.65 19 ± 1.64
  Group E — multidrug-resistant T. brucei 17.9 ± 0.95 18.1 ± 0.87 17.5 ± 1.94 16 ± 1.41 18.9 ± 1.58 15.7 ± 1.34

MCHC (g/dl) ± SEM
  Group A — uninfected control 30.6 ± 1.77 30.2 ± 1.27 27.6 ± 2.95 28.4 ± 2.67 29.5 ± 2.66a 27.3 ± 1.57a

  Group B — drug-sensistive T. congolense 31.1 ± 1.56 27.2 ± 2.92 25.8 ± 2.87 20.8 ± 1.85
  Group C — drug-sensitive T. brucei 28.7 ± 2.17 27.4 ± 0.61 35 ± 1.32 23.4 ± 0.11
  Group D — multidrug-resistant T. congolense 30.7 ± 1.50 28.5 ± 2.33 31.5 ± 2.44 28.5 ± 2.96
  Group E—multidrug-resistant T. brucei 28.9 ± 2.37 25 ± 1.82 24.1 ± 2.70 23.6 ± 1.90 18.8 ± 0.39b 18.8 ± 0.57b

Fig. 10  Mean post-infection 
survival time of dogs infected 
with either drug-sensitive or 
multidrug-resistant Trypano-
soma brucei or Trypanosoma 
congolense
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of the parasite and possibly the role of the host’s immune 
response. The onset and severity of anaemia in trypanoso-
mosis are directly related to the appearance of the parasite 
in the blood and the level of parasitaemia (Murray 1979). 
Mild anaemia in drug-resistant trypanosome infections 
depicted by considerably higher packed cell volume than 
that of the drug-sensitive trypanosome infections has also 
been reported in diminazene-resistant T. brucei-infected 
rats (Egbe-Nwiyi et al. 2005; Ihedioha et al. 2010) and 
diminazene-resistant T. congolense-infected goats (Tesfaye 
et al. 2012). Nonetheless, Hugo (2011) and Odette (2011) 
reported no differences in the severity of anaemia induced by 
drug-resistant and sensitive T. brucei rhodesiense in mice.

The anaemia type reported in this study’s infected groups 
was microcytic normochromic anaemia. Similar findings 
have been reported in T. evansi-infected dogs and horses 
(Silva et al. 1995) and T. brucei rhodesiense-infected vervet 
monkeys (Thuita et al. 2008). Dacie et al. (2001) associated 
microcytic hypochromic anaemia with iron deficiency. Thus, 
the inability of iron to be integrated into red cell precursors 
even in the presence of sufficient iron reserve or weak recov-
ery of iron from the phagocytized RBCs in the infected dogs 
may have occasioned the occurrence of this type of anaemia. 
In this case, quantifying the levels of iron reserve in the dogs 
could be crucial.

Leucopenia was observed in the infected groups of dogs. 
However, in the drug-sensitive and resistant T. brucei-
infected groups of dogs, there was a subsequent rise in the 
total leucocyte counts. A similar pattern has been reported 
by Otavio et  al. (2016) in T. vivax-infected cattle. The 
observed leucopenia may be attributed to the immunosup-
pressive effect of trypanosome infections and trypanosome-
induced alterations in the spleen, the major lymphoid organ. 
Immunosuppression in animal trypanosomosis has been sev-
erally reported (Taylor and Authie 2004) with a resultant 
low-grade response to vaccines and/or the diminished ability 
of infected animals to mount a primary humoral immune 
response to non-trypanosome antigens (Ezeokonkwo et al. 
2010).

Dogs infected with multidrug-resistant T. brucei survived 
longer than their drug-sensitive counterparts, while there 
was no statistical difference in the mean survival times of the 
T. congolense-infected groups B and D dogs. Some research-
ers have reported that drug-resistant trypanosome-infected 
animals have longer survival time than their drug-sensitive 
counterparts (Egbe-Nwiyi et al. 2005; Ihedioha et al. 2010; 
Hugo 2011; Odette 2011). However, Mutangala (2011) and 
Ngumbi and Mnyone (2020) reported a longer mean sur-
vival time in mice infected with isometamidium-sensitive 
T. congolense than isometamidium-resistant T. congolense-
infected mice. The preponderance of the stumpy T. brucei 
forms in infected animals has been reported to increase the 
chances of parasite transmission and lengthens host survival 

time (MacGregor et al. 2012). Though the parasitaemia of T. 
brucei-infected dogs was not characterized into the differ-
ent forms in this study, the extended survival time observed 
in the multidrug-resistant T. brucei-infected group E dogs 
might be due to the dominance of stumpy forms in addition 
to the low virulence of the parasite strain.

The pre-patent period, level of parasitaemia, first peak 
parasitaemia, days to first peak parasitaemia and survivabil-
ity are recognized chief indicators of trypanosome virulence 
and/or pathogenicity (Bengaly et al. 2002; Egbe-Nwiyi et al. 
2005; Taylor and Authie 2004; Ihedioha et al. 2010; Mot-
loang et al. 2014). Trypanosome isolates with short mean 
PPP, high LOP and short survival time were reportedly very 
virulent/pathogenic (Bengaly et al. 2002; Masumu et al. 
2006; Perrone et al. 2018). Thus, the longer PPP, DTFPP, 
survival time and lower LOP and FPP of the resistant iso-
lates principally the multidrug-resistant T. brucei-infected 
group E dogs are indicators of reduced/low virulence and/
or pathogenicity. Genetic variations induced by mutations 
of specific genes and gene transfer have been established 
in trypanosomes and may be responsible for acquired drug 
resistance (Geerts and Holmes 1998; Delespaux et al. 2008). 
As such, drug-sensitive trypanosomes may vary in the mani-
festation of some phenotypic features and macromolecules 
related to virulence and pathogenicity from the drug-resist-
ant trypanosomes.

The multidrug-resistant T. brucei-infected group E 
dogs exhibited low level of parasitaemia, low first peak 
parasitaemia, long pre-patent period and survival time; 
mild clinical signs, anaemia and improved haematologi-
cal parameters, compared to the drug-sensitive T. brucei-
infected group C dogs. This denotes low pathogenicity 
of the multidrug-resistant T. brucei isolate. The observed 
low pathogenicity of the multidrug-resistant T. brucei in 
this study may be attributed to the sensitivity of the trypa-
nosome to trypanocide, in addition to the strain of the 
parasite, as the sensitivity of trypanosomes to trypano-
cides was hypothesized to influence the virulence and/or 
pathogenicity of trypanosomes (Geerts and Holmes 1998; 
Geerts et al. 2001).

Drug resistance comes at a cost as studies have severally 
shown that drug-resistant parasite strains were likely to be 
less fit than the wild-type strains (Giha et al. 2006; Sch-
neider et al. 2012). However, Levin et al. (2000) and Giha 
et al. (2006) reported the ability of drug-resistant parasites 
in the absence of drugs to develop a compensatory mecha-
nism to recover the cost and to ensure their survival. This, 
in addition to the strain of T. congolense used, could be 
responsible for the seemingly comparable pathogenicity of 
the multidrug-resistant and drug-sensitive T. congolense-
infected dogs. These findings were akin to the report of 
Coleman et al. (2000), who observed no difference in the 
pathogenicity of isometamidium-resistant and sensitive T. 
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congolense-infected animals, except for the longer pre-pat-
ent period of the resistant T. congolense-infected animals.

The use of field strains of multidrug-resistant and drug-
sensitive Trypanosoma brucei and T. congolense is a limi-
tation in this study. The field Trypanosoma specie may 
consist of different strains of the Trypanosoma specie, thus, 
presence of mixed Trypanosoma strain infections cannot 
be ruled out. However, the field trypanosome strains were 
deliberately not cloned as cloning in rodents may introduce 
selection bias (Masumu et al. 2006; Kabore et al. 2018). 
Regrettably, unbiased techniques for isolating trypanosomes 
in adequate quantities are currently non-existent.

In conclusion, this study has shown that drug-sensitive T. 
brucei is more pathogenic than multidrug-resistant T. bru-
cei, following infection in Nigerian local dogs, while the 
multidrug-resistant and drug-sensitive T. congolense had 
comparable pathogenicity.
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