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Abstract

This study assessed the virulence of Trypanosoma evansi, the causative agent of camel tryp-
anosomiasis (surra), affecting mainly camels among other hosts in Africa, Asia and South
America, with high mortality and morbidity. Using Swiss white mice, we assessed virulence
of 17 T. evansi isolates collected from surra endemic countries. We determined parasitaemia,
live body weight, packed cell volume (PCV) and survivorship in mice, for a period of 60 days’
post infection. Based on survivorship, the 17 isolates were classified into three virulence
categories; low (31–60 days), moderate (11–30 days) and high (0–10 days). Differences in sur-
vivorship, PCV and bodyweights between categories were significant and correlated (P < 0.05).
Of the 10 Kenyan isolates, four were of low, five moderate and one (Type B) of high virulence.
These findings suggest differential virulence between T. evansi isolates. In conclusion, these
results show that the virulence of T. evansi may be region specific, the phenotype of the cir-
culating parasite should be considered in the management of surra. There is also need to col-
lect more isolates from other surra endemic regions to confirm this observation.

Introduction

Trypanosoma evansi, an important camel pathogen, belongs to subgenus Trypanozoon, a
group of trypanosomes with diverse mammalian hosts (Ngaira et al. 2003; Desquesnes
et al. 2013). It was first isolated in Dera Ismail Khan district of Punjab India in 1880 from
infected camels and equids (Tehseen et al. 2015). The parasite is also believed to have origi-
nated from Africa where, presently, it causes the trypanosomiasis (surra) in camels, horses, cat-
tle, buffaloes, small ruminants and dogs (Ngaira et al. 2003).

Surra is therefore endemic in many tropical and subtropical countries wherever biting-fly
vectors are present. These countries include North and eastern Africa, the Middle East, Indian
sub-continent, central Asia, southern China and South America (Dávila et al. 1999; Njiru et al.
2004) and the Canary Islands (Luckins, 1988). Its major impact has been felt in the arid and
semi-arid areas (Tekle and Abebe, 2001).

Cattle and water buffalo are important for draught power, meat, milk and also for capital
investment for low-income farmers in the affected areas (Luckins, 1988). The current diagnos-
tic tests are insufficient (Desquesnes et al. 2013) making it difficult to estimate both the direct
and indirect economic losses attributable to T. evansi infections (Desquesnes et al. 2013). Most
estimates are based on mortality and chemotherapeutic interventions. For example in the
Philippines, the estimated losses due to mortality are approximately US$ 1.1 million
(Manuel, 1998) while in Indonesia the annual loss from morbidity and mortality is approxi-
mately US$ 28 million (Payne et al. 1991).

Trypanosoma evansi, which is closely related to Trypanosoma brucei brucei, is adapted for
mechanical transmission (Antoine-Moussiaux et al. 2009), whereas the latter is cyclically
transmitted by tsetse flies (Hoare, 1972). A mechanical transmission is as a result of the
loss of maxicircle kinetoplastid DNA in T. evansi (Borst and Hoeijimakers, 1979), which
lock the trypanosome in the bloodstream stages (Luckins, 1988). The absence of intermittent
development in any insect vector has enabled T. evansi to spread beyond the tsetse fly belt of
Africa to other areas in the world (Luckins, 1988; Desquesnes et al. 2013).

Trypanosomes produce biologically active substances which cause trypanosomiasis; these
include: variable surface glycoproteins (VSG), enzymes, B-cell mitogen and T lymphocyte trig-
gering factor (TLTF) (Bezie et al. 2014). Majority of T. evansi stocks express a VSG known as
Rode Trypanozoon antigen (RoTat) type 1.2, a predominant VSG (Urakawa et al. 2001; Claes
et al. 2002). In Kenya, types A and B T. evansi, characterized by presence and absence of RoTat
1.2 VSG gene, respectively, have been reported (Urakawa et al. 2001; Ngaira et al. 2005; Njiru
et al. 2006). Type B has also been reported in Ethiopian dromedary camels (Birhanu et al.
2016). Overall, the prevalence of type B largely remains unknown (Njiru et al. 2010).
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In order to compete for transmission to new hosts, some
pathogens, including T. evansi, extract resources from the host,
thereby causing damage (Mackinnon et al. 2008). This damage
will depend on the level of virulence of the pathogen as the
host immunity can aggravate selection of virulence. Pathogens,
therefore, run the risk of killing their host and completely lose
their ongoing source of transmission to new hosts. Virulence
has been reported in many pathogens (Little et al. 2008;
Mackinnon et al. 2008), measured by the survival rate of the
host following infection. Little et al. (2008) proved that relative
growth rates of two parasite isolates studied depended on the
host genotype.

However, it is generally acknowledged that naïve animals suc-
cumb to an infection faster than the animals that have been pre-
viously exposed to the disease (Mackinnon et al. 2008). The
trade-off hypothesis and its assumptions have been well-covered
in malaria (Mackinnon et al. 2008). Depending on pathogen
types, evolutionary outcomes may occur. Other studies have
reported that cysteine proteases (CPs), which are members of
the papain family, are expressed during the infective stages of
the parasite’s life cycle and are suspected to act as pathogenic fac-
tors in the mammalian host, where they also trigger prominent
immune responses (Lalmanach et al. 2002). The aim of the pre-
sent study, therefore, was to generate data that would enhance
our understanding of virulence in T. evansi towards the develop-
ment of novel approaches for management of the disease in
camels.

Materials and methods

Ethical approval

All experimental protocols and procedures used in this study
involving laboratory animals were reviewed and approved by

Institutional Animal Care and Use Committee (IACUC) of
Kenya Agricultural and Livestock Research Institute –Biotechno-
logy Research Institute (KALRO-BioRI) Ref: C/BioRi/4/325/II/1.

Experimental animals

The study used 6–8 weeks old male Swiss White mice, each
weighing 25–30 g live body weight. The animals were obtained
from the Animal Breeding Unit at KALRO-BioRI, Muguga. The
mice were housed in standard mouse cages and maintained on
a diet consisting of commercial pellets (Unga® Kenya Ltd). All
experiments were performed according to the guidelines set by
the Institutional; Animal Care and Use Committee of
KALRO-BioRI. Briefly, water was provided ad libitum (Kagira
et al. 2007). All mice were acclimatized for 2-weeks, during
which time they were screened and treated for the ecto and endo-
parasites using ivermectin (Ivermectin®, Anupco, Suffolk,
England) (Ndung’u et al. 2008). During the 2-week quarantine
period, pre-infection data were collected on body weights and
packed cell volume twice a week prior to parasite inoculation.

Trypanosoma evansi isolates and preparation of inoculum

A total of 17 isolates obtained from different geographic regions
and mammalian host species were used in the study (Table 1).
Seven of the 17 isolates were obtained from Swiss Tropical
Institute, Basel (STIB) while the remaining 10 isolates were
obtained from the KALRO-BioRI, Trypanosome bio-bank
(Murilla et al. 2014). The parasite stabilates obtained from
BioRI trypanosome bank were thawed, and their viability estab-
lished through microscopy. The parasites were considered viable
if motile parasites were observed through wet film under a
microscope. The parasites were diluted in phosphate buffered

Table 1. Sample details of T. evansi phenotyped or this study showing sample ID, strain isolated with source and reference in footnote, kinetoplast DNA (kDNA) type,
virulence levels based on survival of infected Swiss White mice following infection, locality of origin, host of isolation, and the year of isolation

Isolate IDsource
Locality
of origin Host

Year of
isolation

kDNA
Type

Average survival time
(range dpi; n = 6) Virulence levels

KETRI 3576a Ngurunit, Kenya Camel 1994 A 55.33 (44–60) Low

KETRI 3573a Ngurunit, Kenya Camel 1994 A 52.17 (18–60) Low

KETRI 2737a Galana, Kenya Camel 1985 A 43.83 (32–60) Low

KETRI 3567a Athiriver, Kenya Camel 1994 A 33.83 (10–60) Low

KETRI 3575a Ngurunit, Kenya Camel 1994 A 26.83 (16–40) moderate

KETRI 3580a Loglogo, Kenya Camel 1994 A 20.67 (12–27) moderate

KETRI 2446a Marsabit, Kenya Camel 1979 A 17.5 (11–24) moderate

KETRI 3552a Isiolo, Kenya Camel 1994 A 17.17 (9–29) moderate

KETRI 3266a Samburu, Kenya Camel 1990 A 15.67 (6–22) moderate

KETRI 4035b Colombia Horse 1973 A 10.83 (9–18) High

KETRI 2479a Ngurunit, Kenya Camel 1979 B 10.17 (8–15) High

KETRI 4036b Kazakhstan Bactrian camel 1995 A 6.33 (5–7) High

KETRI 4039b China Water buffalo 1983 A 5.83 (5–7) High

KETRI 4034b Brazil Dog 1986 A 5.83 (5–6) High

KETRI 4038b Indonesia Water buffalo 1982 A 5.00 (5) High

KETRI 4040b Vietnam Water buffalo 1998 A 5.00 (5) High

KETRI 4037b Philippines Water buffalo 1996 A 4.5 (4–5) High

aKenya Trypanosomiasis Research Institute.
bSwiss Tropical Institute Basel.
n, number of infected mice; dpi, days post infection.
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Saline Glucose (PSG; pH 8.0), and their viability confirmed
(Gichuki and Brun, 1999). Two immunosuppressed donor mice
per isolate were each inoculated intraperitoneally (i.p) with
200 µL of 1 × 105 trypanosomes mL−1 (Gichuki and Brun, 1999).
Immunosuppression was achieved by administration of cyclo-
phosphamide at 300 mg kg−1 per animal at 100 mg kg−1 body-
weight per day for 3 consecutive days (Murilla, et al. 2016). The
animals were monitored for trypanosomes daily until parasites
were detected in the peripheral blood. Thereafter, the parasit-
aemia was monitored three times a week up to the first peak
(1 × 109 trypanosomes) parasitaemia (Herbert and Lumsden,
1976). At peak parasitaemia, the mice were euthanized by placing
them in a chamber containing carbon dioxide (CO2) and bled
from the heart into a tube containing EDTA (Gichuki and
Brun, 1999).

The blood was pooled and parasitaemia density determined.
The pooled blood was diluted in PSG buffer (pH 8.0). The num-
ber of trypanosomes was quantified using an improved Neabauer
chamber and viewed under the microscope (Seamer et al. 1993).
The first count (C1) and the second count (C2) were made
through all the 16 squares of the haemocytometer and the average
count Cav calculated.

Trypanosome inoculation into experimental mice

Six mice were used per isolate. Six additional animals were used as
controls (not infected). The experimental mice were inoculated i.p
with 1 × 105 trypanosomes in 200 µL of PSG (pH = 8.0). The mice
in the control group were similarly injected with 200 µL of PSG
per mouse. All the infected animals were maintained as described
above for 60 days post-infection (dpi).

Parameters monitored during the pathogenicity studies

To monitor anaemia, polycythaemia or dehydration for each
group of experimental animals, the following parameters were
recorded; the pre-patent period (pp) (day of the first appearance
of the parasite in the blood), parasitaemia profiles and packed
blood cell volume (PCV) as an indicator for the development of
anaemia and survival.

Evaluation of parasitaemia in infected mice

A drop of blood from the mouse-tail was placed on a clean slide
and covered using a cover slip and examined under a microscope
(Seamer et al. 1993). The parasitaemia score was correlated to a
score sheet, as outlined by Herbert and Lumsden (Herbert and
Lumsden, 1976). Parasitaemia was determined daily for the first
14 days. The period taken from parasite inoculation to the first
appearance of trypanosomes in blood was recorded for all groups.
Thereafter, parasitaemia was determined and recorded twice
weekly up to 60 dpi. Any observed mortalities were recorded on
daily basis.

Survival

Each mouse was monitored daily for a period of 60 dpi. The end
point of the infected mice was determined by observation of clin-
ical signs such as lethargy and hackle hair, as well as PCV drop of
approximately 25% with consistent high parasitaemia levels of
1 × 109/mL−1 for at least 3 consecutive days. The animals were
sacrificed immediately by CO2 asphyxiation in accordance with
guidelines of the Institutional Animal Care and Use Committee
(IUCAC) as described by (Martinez-gutierrez et al. 2014) and
recorded as dead animals. Mice surviving beyond this period
(60 dpi), were sacrificed using carbon dioxide and the survival

time recorded as 60 days and categorized as censored data. Log
rank P and the Wilxcon P values were determined and used to
test the null hypothesis that the survival curves are identical in
all the T. evansi populations (O’brien, 1998).

Assessment of PCV in infected and uninfected mice

Blood from infected mice and uninfected controls was collected
from the tail vein using heparinized capillary tubes and sealed
with plasticine at one end (Naessens et al. 2005). The sealed capil-
laries were centrifuged in a haematocrit centrifuge at 10 062g, for
5 min. PCV was read using the haematocrit reader and expressed
as a percentage (%) of the total blood volume (Naessens et al.
2005). The PCV data were collected twice weekly for the experi-
mental period of 60 dpi.

Assessment of body weights in infected and uninfected mice

Body weights of mice were determined using an analytical balance
(Mettler Tolendo PB 302®, Switzerland) and expressed in grams
prior and after inoculation. Data on live body weights were
recorded twice a week for a period of 2 weeks before inoculation
and over the experimental period of 60 dpi. The differences in the
weights were determined.

Data analysis

The analysis was done to test the significant differences between
the isolates in PCV, parasitaemia and body weights. The data
obtained from the study were summarized as means ± standard
error, while the differences between and within the means were
analysed using one-way ANOVA. All analysis was conducted
using GenStat (Nelder and Baker, 1972). P⩽ 0.05 were considered
statistically significant.

Results

Parasitaemia profiles and survival of infected mice

The pp for mice infected with the 17 different T. evansi isolate was
in the range of 1–3 dpi with parasitaemia progressing to the peak
within 3 days (Figs 1 and S1). Based on parasitaemia profiles and
survival of the infected mice, three distinct virulent groups were
identified: (1) low, exhibiting high intermittent parasitaemia, sur-
vival 31–60 dpi; (2): moderate, exhibiting high persistent parasit-
aemia, survival 11–30 days; and (3): high, exhibiting high
persistent parasitaemia, survival period 0–10 days. Mice in the
high virulent group died before any clinical signs were manifested
(Table 1). Three of four isolates (KETRI 3573, 3576, 3567) classi-
fied as low virulence exhibited high intermittent parasitaemia,
with more than one parasitaemia wave in some animals (Figs
1A, S1A and B). The highest parasitaemia score attained was
1 × 109 trypanosomes mL−1. Each mouse attained this score at
least once in the first 10 dpi. Parasitaemia profiles were signifi-
cantly different (P < 0.05) between individual mice infected with
the same isolate and between isolates (Table 2).

In contrast, high persistent parasitaemia with a peak score of
1 × 109 was recorded in mice infected with isolates of moderate
virulence (Figs 1C, D and S1C–E). There were no significant dif-
ferences in parasitaemia profiles (P > 0.05) between individual
animals infected with any of the isolates in this group except
KETRI 3552 whose profile was significantly different from the
rest of the isolates (Table 2).

Mice infected with one isolate from Kenya (Type B) and 6
from Asia and South America exhibited very high persistent para-
sitaemia, but of a shorter duration when compared with the
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moderate virulence group. Significant differences (P < 0.05) were
observed between isolates of this group (Figs 1E, S1F–K and
Table 2). These isolates were classified as highly virulent.

A comparison revealed significant differences (P < 0.05) in
parasitaemia scores between the 3 virulence groups. Four of five
isolates classified as moderately virulent had a mean log parasit-
aemia score above 7.5; three of four low virulent isolates with a
mean log score above 6.5 and six of nine high virulent isolates
with a mean log score of approximately 6.5 and below. These
results demonstrated that the mean parasitaemia scores of the
high virulent isolates were low with high death rates recorded
within a short period when compared with the moderate and
low virulent parasites.

Survival

Survival curves are shown in Fig. 2A–C, depicting the fraction of
animals alive from the time of parasite inoculation (time 0;
Fig. 2A). No deaths were recorded in the control group during
the 60 days observation period. Of the low virulence group isolate,

KETRI 2737 depicted four successful event times (survival) when
compared with two event times for animals infected with KETRI
3573 (high and intermittent parasitaemia). Log rank P and the
Wilxcon P values are provided in Table 3. Both the Log rank
and the Wilxcon P values obtained for the low virulence and
high virulence showed significant differences (P < 0.01) in survival
at both early and later days of infection. Mice infected with para-
sites of moderate virulence showed significant similarities between
individual animals within and between isolates (Table 3; P > 0.05).

Packed blood cell volume

The control (non-infected) mice generally maintained their pre-
infection PCV values (29.9 ± 0.99) throughout the observation
period of 60 days. However, a gradual decline in mice infected
with different low virulence isolates was recorded (Figs 3A, B,
S2A and B). Isolates of moderate virulence recorded rapid decline
in PCV when compared with the control group (Figs 3C, D and
S1C–E). Individual mice and different isolates recorded no signifi-
cant difference.

Fig. 1. (A and B) Parasitaemia profiles of individual mice infected with low virulence Trypanosoma evansi isolates; KETRI 3573 and 2737. (C and D) Parasitaemia
profiles of mice infected with moderate virulence Trypanosoma evansi isolates; KETRI 3580 and 2446. (E and F) Parasitaemia profiles of individual mice infected
with high virulence Trypanosoma evansi isolates; 4038 and 2479. (M, mouse).
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Table 2. Comparison of mean packed cell volume change (%), mean parasitaemia and mean bodyweights change (%) values between various Trypanosoma evansi
isolates following infection of mice at different virulence levels

Country of origin Isolate ID Virulence Mean PCV change (%) Mean Parasitaemia Mean bodyweights change (%)

n/a Controls n/a 29.9 ± 0.99a 9.0 ± 2.13b

Brazil KETRI 4036 High 2.0 ± 0.88b 5.2 ± 0.21i −0.6 ± 0.46fg

Indonesia KETRI 4040 High −3.3 ± 1.36bc 6.1 ± 0.1gh 6.3 ± 0.89bcd

Kazakhstan KETRI 4038 High −4.0 ± 0.53bc 6.2 ± 0.06fgh 4.3 ± 0.71bcdef

Vietnam KETRI 4039 High −4.6 ± 1.42bc 6.6 ± 0.09efg 4.5 ± 1.11bcde

Swiss KETRI 4037 High −5.5 ± 1.11bcd 6.0 ± 0.13h 0.7 ± 1.34efg

Colombia KETRI 4034 High −10.4 ± 6.64cde 5.0 ± 0.04i 0.4 ± 0.58efg

Kenya KETRI 3573 Low −13.5 ± 3.92def 6.1 ± 0.39gh 17 ± 2.2a

Kenya KETRI 2479 High −15.1 ± 2.12ef 7.1 ± 0.16cd 6.9 ± 0.93bc

Kenya KETRI 3576 Low −16.4 ± 3.93efg 6.8 ± 0.15de 16.2 ± 2.04a

Kenya KETRI 3552 Moderate −17 ± 3.95efg 6.8 ± 0.24de −0.3 ± 1.28efg

Philippines KETRI 4035 High −19.6 ± 3.38fgh 7.1 ± 0.17cd −9.9 ± 2.11h

Kenya KETRI 3567 Low −24.7 ± 4.29gh 6.7 ± 0.37def 7.8 ± 3.17bc

Kenya KETRI 2737 Low −26.5 ± 1.31hi 7.4 ± 0.03bc 16.3 ± 3.22a

Kenya KETRI 3580 moderate −28.3 ± 3.72hi 7.8 ± 0.17ab 3.0 ± 0.99cdef

Kenya KETRI 3266 High −34 ± 2.13ij 7.5 ± 0.1bc −2.7 ± 1.4g

Kenya KETRI 2446 moderate −34.7 ± 3.54ij 7.8 ± 0.15ab −0.7 ± 0.8fg

Kenya KETRI3575 moderate −40.4 ± 2.57j 8.0 ± 0.08a 1.4 ± 2.82defg

LSD 8.8 0.53 5.0

CV (%) 51.8 6.8 98.9

NB: Means followed by the same letter do not significantly differ (P = 0.05).
LSD: least significant difference; CV: coefficient of variation.

Fig. 2. Survival curves depicting the fraction of animals alive from the time (0) of parasite inoculation: (A) Survival curves of Trypanosoma evansi isolates of high
virulence. (B) Survival curves of Trypanosoma evansi isolates of medium virulence. (C) Survival curves of Trypanosoma evansi isolates of low virulence.
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There were no PCV profiles available for the high virulence
group due to short survival period that ranged from 4 to 10
days. The drop in PCV was of approximated 3%. There were sig-
nificant differences in % PCV values between the controls and
infected animals (P < 0.05; Table 2). Generally, the results showed
that very high and persistent parasitaemia levels were associated
with a rapid drop in PCV values.

Body weight profiles

A gradual increase in live body weights of 9.0 ± 2.13 g was
observed in all mice in the control group over the observation per-
iod of 60 days. A similar trend was observed in profiles of animals
infected with isolates classified as low virulence (7.8 ± 3.17 to 17
± 2.2); (Figs 4A, B, S3A and B), three of which were significantly
higher (P < 0.05) than those of controls, with exception of KETRI
2737 where there was a decrease compared with the controls
(Fig. 4B).

When compared with the control mice, rapid decline in body-
weights was observed in mice infected with four of the moderate
virulent isolates as shown in Figs 4D and S3C–E. However, no
weight loss was observed in mice infected with the isolate

KETRI 3580 within the same category of classification
(Fig. 4C). No body weight profiles are available for the high viru-
lence group due to the short survival period.

Discussion

The present study demonstrated the existence of different levels of
virulence in T. evansi isolates from Kenya which ranged from low,
moderate to high. Virulence was measured using parasitaemia,
mortality (survivorship data), levels of anaemia and weight loss
experienced by the host during the infection: these are positive
indicators of the probability of host death as described by various
authors (Mackinnon et al. 2008; Mekata et al. 2013). The high
and persistent parasitaemia for periods of over 10 days was mainly
associated with rapid decline in both packed cell volume and body
weight, indicating disease severity. Our results also demonstrated
that low and intermittent parasitaemia was associated with main-
tenance and in some cases, weight gain when compared with
uninfected animals (P < 0.05). The most pathogenic of the three
categories was the moderate virulence category, which persisted
in the host long enough, presenting the opportunity for horizon-
tal transmission to new hosts to take place. The rapid death of the
mice infected with the high virulent group of parasites suggested
lack of a trade-off between the host and pathogen as would occur
in epidemics; the animals did not survive long enough to allow
multiplication and transmission to new hosts.

In the present study, the animals that were able to control
parasitaemia (low virulence) were also able to control PCV and
generally maintain live body weights. This concurs with observa-
tions made by Noyes et al. (2009) on main characteristics used to
determine resistance to trypanosomiasis. Our findings also sug-
gest that, where the majority of the infections (high virulence)
lead to host death within 10 days, it is highly likely that transmis-
sion would cease immediately as in epidemics, concurring with
observations of Mackinnon et al. (2008). Three T. evansi isolates
showed intermittent parasitaemia in the low virulent group, sug-
gesting possible development of new variants of the parasite in

Table 3. Rank tests for survival time of Swiss White mice infected with
Trypanosoma evansi isolates of varied virulence obtained from different
endemic regions of the world

Virulence
categories Rank test

Chi-
square DF P value

Low Logrank (mantel–Cox) 18.129 3 0.0004

Breslow–Gehan–Wilcoxon 16.091 3 0.0011

Moderate Logrank (mantel–Cox) 3.810 3 0.2827

Breslow–Gehan–Wilcoxon 3.650 3 0.3018

High Logrank (mantel–Cox) 70.470 8 <0.0001

Breslow–Gehan–Wilcoxon 56.933 8 <0.0001

Fig. 3. (A and B) per cent (%) Packed Cell Volume change profiles of individual mice infected with low virulence Trypanosoma evansi isolates; KETRI 3573 and 2737.
(C and D) Percent (%) Changes in packed cell volume of individual mice infected with moderate virulence Trypanosoma evansi isolates; KETRI 3580 and 2446. (M,
mouse).
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infected mice. Intermittent parasitaemia can be explained by the
fact that parasites use different strategies to evade the mammalian
hosts’ immune system, one of which is population growth (Alizon
et al. 2009). This helps the parasite to avoid elimination by
specific potent immune responses (Vincendeau and Bouteille,
2006) and yield variants that proliferate and produce a new popu-
lation. This is the basis of the antigenic variation that has posed
challenges to vaccine development in trypanosomiasis (Magez
et al. 2010). In a study using Escherichia coli, Berngruber et al.
(2013) tested the theory ‘that predicts that selection for pathogen
virulence and horizontal transmission is highest at the onset of an
epidemic but decreases thereafter, as the epidemic depletes the
pool of susceptible hosts’, providing proof that the virulent strain
is strongly favoured in the early stage of the epidemic, but loses
competition with the latent virus as prevalence increases. This
could be the reason for high morbidity reported in camels in dif-
ferent parts of the world where the disease is endemic (Morrison
et al. 1978).

Anaemia is an inevitable consequence of trypanosome infec-
tion (Murray and Dexter, 1988). According to Murray and
Dexter (1988), the rapid drop of PCV is always correlated closely
with the appearance of parasitaemia. Anaemia and weight loss are
therefore two of several clinical signs of acute animal trypanosom-
iasis. In the present study, gradual decline in PCV was recorded in
mice infected with isolates that exhibited intermittent parasit-
aemia; the drop-in body weights were also gradual with weight
gain recorded in others. However, there was a rapid drop in the
PCV in the animals that exhibited high and persistent parasit-
aemia with a rapid decline in bodyweights. This has been reported
in studies on malaria where the virulent parasites that generated
highest parasite densities exploited more of the host’s resources,
the red blood cells (Mackinnon et al. 2008). The trypanosome
species infecting the animals and the geographical location also
influence the clinical picture of the disease.

Our observations showed that intermittent parasitaemia was
positively associated with low virulence, indicating that the mice
were able to fight the infection, gain weight with a gradual decline

in PCV and survive for longer periods. This observation is con-
sistent with previous reports (Eyob and Matios, 2013).

In the current study, an increase in body weight in mice
infected with parasites of low virulence was observed despite
the effect of infection in the majority of the animals during the
early stages of infection. The increase could be related to the
retention of body fluids in the form of oedema that accompanies
trypanosomiasis (Steverding, 2008). It was shown that in rodent
trypanosomiasis, there is a correlation between splenomegaly
and parasitaemia; this has been demonstrated in Trypanosoma
lewisi (Cherian and Dusanic, 1977).

In conclusion, the 17 T. evansi isolates investigated were able
to infect mice, multiply and cause disease. The different levels
of virulence exhibited may be related to the host from which
the parasites were isolated as well as the geographical location
from where the isolates were collected. However, the factors
underlying this difference in virulence levels are yet to be eluci-
dated using molecular techniques. Animals infected with
non-RoTat T. evansi Types A (Ngaira et al. 2005) and B (Njiru
et al. 2006) may remain a source of infection for a long time,
resulting in high mortality and morbidity further complicating
the search for new diagnostics and vaccines to effectively control
the disease in domestic animals.
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be found at https://doi.org/10.1017/S0031182017002359.
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Fig. 4. (A and B) bodyweight changes profiles of individual mice infected with low virulence Trypanosoma evansi isolates; KETRI 3573 and 2737. (C and D) body-
weight change profiles of individual mice infected with moderate virulence of Trypanosoma evansi isolates; KETRI 3580 and 2446. (M, mouse).
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