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Abstract

Purpose African animal trypanosomiasis (AAT) is a disease affecting livestock in sub-Saharan Africa. The use of trypano-
cidal agents is common practice to control AAT. This study aimed to identify drug-resistant Trypanosoma congolense in
Lambwe, Kenya, and assess if molecular test backed with mice tests is reliable in detecting drug sensitivity.

Methods Blood samples were collected from cattle, in Lambwe, subjected to buffy coat extraction and Trypanosoma spp.
detected under a microscope. Field and archived isolates were subjected to molecular characterization. Species-specific T.
congolense and TcoAde?2 genes were amplified using PCR to detect polymorphisms. Phylogenetic analysis were performed.
Four T. congolense isolates were evaluated individually in 24 test mice per isolate. Test mice were then grouped (n=6) per
treatement with diminazene, homidium, isometamidium, and controls. Mice were subsequently assessed for packed cell
volume (PCV) and relapses using microscopy.

Results Of 454 samples, microscopy detected 11 T. congolense spp, eight had TcoAde2 gene, six showed polymorphisms in
molecular assay. Phylogenetic analysis grouped isolates into five. Two archived isolates were homidium resistant, one was
also diminazene resistant in mice. Two additional isolates were sensitive to all the drugs. Interestingly, one sensitive isolate
lacked polymorphisms, while the second lacked TcoAde2, indicating the gene is not involved in drug sensitivity. Decline in
PCV was pronounced in relapsed isolates.

Conclusion T. congolense associated with homidium and diminazene resistance exist in Lambwe. The impact can be their
spread and AAT increase. Polymorphisms are present in Lambwe strains. TcoAde?2 is unlikely involved in drug sensitivity.
Molecular combined with mice tests is reliable drug sensitivity test and can be applied to other genes. Decline in PCV in
infected-treated host could suggest drug resistance.
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the most common vector species. AAT prevalence of 3.2%
in domestic animals from four regions based on patho-
gen detection by microscopy has recently been reported
in Kenya [8].

AAT is widely distributed in sub-Saharan African coun-
tries, including Ethiopia, Uganda, Tanzania, Kenya, Zam-
bia, Nigeria, and Cameroon among others [8—15]. Several
risk factors have been associated with the prevalence and
spread of AAT. These include re-emergence of tsetse flies
[6, 16], short-lived control programs that lack regularity on
a large scale [17], emergence and spread of drug-resistant
parasites [18], breeds of domestic animals [11], variation in
seasons across the period of a year which could be associ-
ated to climate change [4], and lack of enough funds chan-
neled toward research and eradication of AAT. This has led
to huge economic losses of approximately US$ 4.5 billion
in the agricultural industry in sub-Saharan Africa [19]. In
Kenya, AAT endemic areas include Teso, Suba of Busia
county, and Lambwe valley in Western Kenya [20], Kwale
county in Coastal region [21-23], Mwea National Reserve in
Central Kenya [8, 24], and Trasmara area in the Rift-Valley
region [25].

Signs and symptoms of AAT in livestock include fever,
anemia, weight loss, enlarged lymph nodes, and possible
death if not treated [26, 27]. Anemia is associated with low
packed cell volume (PCV) and it is indicated to be one of the
signs of Trypanosoma infection progression in animals [28].
Use of trypanocidal drugs has been a common practice in the
control AAT in most endemic regions in sub-Saharan Africa
[1]. The major drugs used are isometamidium chloride,
diminazene diaceturate, and homidium [2, 29-33]. Although
homidium is no longer recommended for use due to its muta-
genic nature [34], it is still being used in some AAT endemic
regions in sub-Saharan Africa, including Kenya.

Diminazene is used to treat sheep, goats, and cattle that
are infected with T. vivax and T. congolense. Its mode of
action involves an interaction with the AT rich region at the
minor groove of kinetoplast DNA (kDNA), thus preventing
replication and formation of the DNA [35, 36]. On the other
hand, isometamidium is used for both prophylaxis and cur-
ing livestock infected with T. vivax, T. congolense, and some
selective T. evansi strains. Its mode of action is reported
to be a high interaction with kDNA, thus causing possible
linearization of the DNA in some species of Trypanosoma
[36-38]. Homidium salts are also commonly used to treat
T. vivax and T. congolense infections in goats, sheep, and
cattle, despite being implicated as being a potential cancer-
causing agent [34]. It is also known to have some prophylac-
tic activity but not to the extent of isometamidium [29]. Its
mode of action is an interaction with both the nucleus and
kDNA [38], thus interrupting genome activity. In regions
with high use of the trypanocidal drugs, there have been
reports of drug-resistant parasites emerging [32, 39].

Drug resistance can be defined as lack of or reduction
of sensitivity of trypanosomes to trypanocidal drugs at a
dosage prescribed by the manufacturer and taken accord-
ing to veterinary doctor’s directives. Easy acquisition of
trypanocidal drugs by farmers due to privatization of vet-
erinary offices in Africa has led to overfrequent use, and
under-dose usage of trypanocidal drugs by livestock farm-
ers. In addition, the use of poor quality drugs could cause
drug-resistant trypanosomes [30, 40, 41]. Trypanocidal
drug resistance has been reported in Nigeria, Niger, Ghana,
Kenya, Uganda, Tanzania, Somalia, Sudan, Chad, Malawi,
Zimbabwe, and Mozambique among others [42, 43]. Drug
resistance in T. congolense isolates has been linked to point
mutations/polymorphisms in P2 purine transporter gene
TcoATI, with polymorphisms in the TcoAde2 region of the
transporter gene, linked to diminazene resistance [44, 45].
Several studies have been done using mouse test and poly-
merase chain reaction-restriction fragment length polymor-
phism (PCR-RFLP) for detection of diminazene and isomet-
amidium resistance [42, 46, 47]. These mutations are said to
spread with more exposure to trypanocidal drugs [48], thus
causing possible increase in prevalence rate in some animals.
However, this was later debunked from a study that showed
a high level of polymorphism associated with diminazene
resistance without exposure of isolates to trypanocidal drugs
[43]. In addition, a more recent study confirmed through
genetic, biochemical, and molecular methods that TcoAT1
has no ability to bind and transport diminazene, but that it
could be a transporter for purine nucleosides [49]. However,
these molecular, biochemical, and genetic experiments did
not confirm whether the presence or absence of the TcoAT]
genes had an effect on drug sensitivity using single-dose
mice experiments, which has been one of the common and
reliable approaches to confirm drug-resistant Trypanosoma
isolates from the field [50]. This is so since Trypanosoma-
Swiss white mouse model closely resembles physiological
conditions of trypanosome-infected cattle, thus providing
accurate data on therapeutic and chemoprophylactic efficacy
of trypanocidal drugs for management of animal trypanoso-
miasis. Since the immune system is an important factor for
drug efficacy in in vivo systems, live animals are also use-
ful than in vitro testing systems in this type of studies [51].
Further, findings of drug sensitivity studies using mice can
easily be extrapolated in livestock [50, 52].

In Kenya, T. congolense and T. vivax have been identified
as the most common species affecting cattle [53]. Here also,
there have been cases of parasites resistant to the three major
trypanocidal drugs used in the Coastal region of Kenya and
in parts of Western Kenya [54]. However, regions, such
as Lambwe valley in Homa Bay in Western Kenya, which
is endemic to AAT, lack studies on drug resistance and
molecular characterization of the Trypanosoma parasites,
despite being endemic to AAT [21]. Drug resistance could
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be one of the major causes of high mortality rate in cattle.
Our previous study reported an AAT prevalence of 15.63%
in cattle, and T. congolense was one of the most common
species in Lambwe villages [55]. Trypanosoma congolense
is also known to propagate in mice. This was a follow-up
study aimed at identifying and characterizing 7. congolense
isolates from field and archived isolates of Lambwe region.
In addition, this study aimed to assess whether molecu-
lar assays, backed up with in vivo mice experiments, are
a reliable approach to detect drug sensitivity. Data from
such a study can help epidemiologists determine whether
trypanocidal drug resistance could be contributing to the
high amount of AAT cases reported in endemic regions,
such as Lambwe. In a previous study, sub-Saharan coun-
tries reporting high trypanocidal drug resistance were also
shown to report high AAT prevalence [56]. Moreover, it
could create awareness in drug applications, and prevent
possible consumption of remnant drug particles by humans
consuming the meat products, due to lack of drug uptake by
the parasites.

Materials and Methods
Study Area

This study was carried out in villages in the Lambwe region
of Homa Bay, western Kenya, located between 00°5’ S and
34° 12’ E (Fig. 1). The area lies in the Lambwe river valley
that rises about 1,100 m above the sea level. This region is
densely dominated with grassland areas, with different spe-
cies of trees forming forested areas. Mixed farming is a com-
mon practice in the area, with most farmers planting cereals
and keeping cattle [57]. Ruma National Park forms part of
Lambwe region, with G. pallidipes infesting the area and
affecting livestock productivity in the area through reported
cases of AAT. The study location was chosen based on our
previous study in the region, which reported a high preva-
lence of cattle trypanosomiasis, and that there is poor control
practices and use of trypanocidal drugs by livestock keepers
in the region [55]. Hence, we wanted to see if the presence of
drug-resistant parasites could also be one of the contributing
factors to the high prevalence seen.

Study Design, Sample Size Determination,
and Sampling Procedure

Sample analysis was conducted to determine presence of
drug-resistant 7. congolense species from Lambwe. A cross-
sectional study was performed to determine drug sensitivity,
using molecular approach followed by in vivo drug sensitiv-
ity test.
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A 9.2% prevalence (P) from a previous study was used to
calculate sample size [21]. A confidence interval (Z) of 1.96
value, an absolute desired precision (d) of 0.05, number of
cows (m) sampled in each village cluster being 15, and an
intercluster correlation coefficient (p) of 0.15 were used [58].
The formula for cluster sampling design was then applied to
determine sample size [59].

n={zZP(1-P)}/d*

n' = n(l + p(m-1))

Approximately 110 cattle were blood sampled each from
four villages (Kamato, Gendo, Kigoto, and Nyatoto) within
Lambwe region, close to Ruma National Park. No consid-
eration was made on type of breeds (all farmers had local
breeds), age, sex, or body state of the animal. Every single
household with cattle were included in the study. Animals
that had received trypanocidal drug treatment in the preced-
ing 90 days were excluded from this study.

Data Collection
Trypanosoma Collection, Detection, and Preservation

For detection of live Trypanosoma parasites at the field level,
a volume of 5 ml blood was collected from jugular vein of
the cattle in May 2021 and subjected to buffy coat extrac-
tion for Trypanosoma pathogen detection [60]. The parasite
isolates were then cryopreserved in capillary tubes contain-
ing 20% glycerol in Phosphate Saline Glucose (PSG) pH
8. This was then stored in liquid nitrogen for shipment to
the molecular, and pharmacology laboratory at Kenya Agri-
cultural and Livestock Research Organization (KALRO),
Nairobi, Kenya. Additionally, three archived T. congolense
isolates originally from Lambwe region, available via the
KALRO-BioRI cryobank, Kenya Trypanosomiasis Research
Institute (KETRI) 3696 isolated in 1962, KETRI 3735 iso-
lated in 1980, and KETRI 2940 isolated in 1984, were also
included in this study to check for the status of drug resist-
ance from isolates that were collected before, and also have
more isolates to confirm whether molecular gene detection,
backed up with in vivo assays, is a sure approach to detect
drug sensitivity.

Laboratory Experiments

Molecular Assays-DNA Extraction and Amplification
Molecular assays were performed to confirm Trypanosoma
species and sub-species collected from the field and the

KETRI isolates, and to confirm the presence of TcoAde2
gene of the transporter gene TcoATI. Isolates were first
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Fig. 1 Map showing Lambwe
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mini kit (Qiagen, Valencia, California, USA). PCR was
then performed in a 25 pl reaction containing, 1X buffer
(Bioline, UK), 1 uM forward and 1 pM reverse primers,
0.8 U/pl MyTaq (Bioline, UK), 12.6 pl Dnase-free water
and 5 pl of template DNA. Primers used were ITS1 prim-
ers ITS1-F: 5 CCG GAA GTT CAC CGA TAT TG ¥’
and ITS1-R: 5 TTG CTG CGT TCT TCA ACG AA 3.
ITS1-F binds to 18 S, while ITS1-R binds to 5.8 s regions
of rDNA [61, 62]. These produce different band sizes in
different Trypanosoma species, based on their internal
transcribed spacer regions. All ITS1 positive for T. vivax
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and T. congolense were confirmed by band size of 250 bp
and 700 bp, respectively, after gel electrophoresis. All
ITS1 positive for T. congolense were then subjected to
species-specific amplification of T. congolense Savannah
(TCS). Primers TCS1: CGAGAACGGGCACTTGCGA
and TCS2: GGACAAACAAATCCCGCACA were used
[63]. The expected band size for TCS was 316 bp, found
in position 293 of the genome [63]. Once confirmed posi-
tive for TCS, TcoAde2 primers: Ade2F-ATAATCAAA
GCTGCCATGGATGAAG and Ade2R-GATGACTAA
CAATATGCGGGCAAAG for the T. congolense P2
putative transporter gene (TcoAT1) were used to confirm
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the presence of the Ade2 gene [44]. These primers bind
at position 522 bp and 1145 bp from start codon of the
TcoATI genome. Expected band size for TcoAde2 ampli-
con was 648 bp after running in 1.5% agarose gel. All
positive TcoAde2 bands were purified using GeneJET PCR
Purification kit, according to the manufacturer’s instruc-
tions and sent for DNA Sanger sequencing at Inqaba Bio-
tech (South Africa). Sequencing was performed to con-
firm the presence of common polymorphisms that were
also detected from other countries of sub-Saharan Africa,
such as Zambia, Ethiopia, Zimbabwe, and Cameroon [42,
43, 46, 47], and evaluate if the polymorphisms were also

Fig.2 Schematic overview of
materials and methods
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present in isolates from Kenya. Schematic overview of the
procedure is shown in Fig. 2.

Mice Work

Ethics Statement During the meeting of the Institutional
Animal Care and Use Committee (IACUC) of the KALRO-
Biotechnology Research Institute on June 2, 2021 held at
BioRI-Muguga, the proposal titled “Epidemiology, Drug
sensitivity pattern and control practice of African Animal
Trypanosomes in Western Kenya” in which the proposed
study was to carry out in vivo drug sensitivity experi-
ments at the Institute was reviewed. The committee fur-
ther received the revised animal protocol and confirmed
that all issues raised by IACUC reviewers were adequately
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addressed. The committee was also convinced that the study
addressed an important research topic that would contribute
in the management of animal trypanosomiasis in the region.
The committee therefore resolved to support the study and
hold the person involved responsible to ensure high stand-
ards of animal welfare were observed. The committee made
impromptu visits to ensure compliance with its regulations.

In vivo Mice Experiments Molecular experiments were
followed up with mice experiments for all 7. congolense
positive isolates. This was done to detect if the absence or
presence of TcoAde2 gene has an effect on drug sensitiv-
ity in mice model, and also detect isolates resistant to tryp-
anocidal drugs in the mice experiment. All T. vivax positive
isolates were excluded from the mice experiments as they
do not propagate in a murine model. Swiss white female
mice (25-30 g; 6-8 weeks old) were used for in vivo drug
sensitivity experiments. A total of 11 T. congolense isolates
(eight field and three KETRI isolates), two donor mice for in
vivo propagation of each isolate, and 24 test mice (for each
T. congolense stabilates collected from donor mice) were
used. Treatment was then done per group (n=6) in each
isolate. The mice were acquired from KALRO-BioRI small
animal unit. The mice were laboratory inbred mice, housed
in groups of six per cage, and kept in medium cages, with
dry wood shavings used as bedding material changed twice
a week. They were provided with mice pellets sourced from
Unga Feeds Kenya Limited, and chlorinated tap water was
also provided ad libitum [64]. The experimental mice were
allowed to acclimatize for 14 days, during which physical
and visual examination of skin for signs of mite infesta-
tion (mange) and fecal examination were done and treat-
ment with 20 mg/kg body weight (BW) of ivermectin was
administered once intraperitoneally as a cover for endo- and
ectoparasites [65].

Single-dose mice experiments were applied as previously
described [50], with some adjustments. Live body weight
was assessed once before infection using digital balance,
to determine the amount of drug to be administered per
mouse. For in vivo propagation assessment of parasitemia
and packed cell volume (PCV) determination, not more
than 10% of total blood volume in mice (77-80 ml/kg) was
taken. This was 2.5 pul of peripheral blood samples. Packed
cell volume was determined once a week after infection and
treatment for the test mice and also for the control mice
[28]. This was done to assess whether there were any signs
of anemia progression after mice received treatment with
a trypanocidal drug, to determine if the drug was working
and whether isolate infection were susceptible or resistant
to the drug treatment. Anemia is low PCV, hematocrit and
hemoglobin, and it is indicated to be one of the signs of
Trypanosoma infection progression in animals [28].

Mice were screened by microscopy for any trypanosome
infection prior to inoculation with the isolates for propaga-
tion of the trypanosomes. For in vivo propagation in donor
mice, two capillary tubes of the relevant isolate were put into
0.4 ml of ESG buffer, and 0.2 ml infected in each donor mice
for propagation. A blood sample of 2.5 pl was taken each day
for approximately seven days by the tail tip of each mouse,
and viewed under microscope, until a parasitemia count of
3.2x 107 trypanosomes/ml was reached.

Blood trypanosomes from donor mice were then diluted
in ESG buffer until a count of 1x 10° blood trypanosomes
was reached. This concentration is considered adequate
for inoculation in mice as per previous single-dose mice
experiments documented [50]. This was then used for intra-
peritoneal infection in test mice. Each of the 7. congolense
isolates was infected in 24 mice: six then treated with iso-
metamidium chloride (69,007-LYON France TFP 711A),
six with diminazene diaceturate (Batch 1022A1-Libourne
France), six with homidium bromide (batch 22,600 Loudeac,
France), and six used as negative control. Prior to treatment,
each drug was dissolved in distilled water to make the final
concentrations. Recommended single-dose concentration of
1 mg/kg of isometamidium chloride, 20 mg/kg for dimina-
zene diaceturate, and 1 mg/kg homidium bromide intraperi-
toneal treatment was used 24 h after infection [50]. Negative
control groups were infected, but were treated with distilled
water only. Blood samples of 2.5 ul were then taken each
day by tail tip from each mouse for 14 days, and twice a
week after 14 days until 60 days post-treatment for detec-
tion of relapses under a light microscope. A resistant isolate
was confirmed when more than one mouse had a relapse
within the 60 days post-treatment. A sensitive isolate was
confirmed when at least five mice showed no relapse and
were cured within the 60 days [50]. A schematic overview
of the procedure is shown in Fig. 2.

The procedure performed in mice were not invasive;
therefore, there was no need for pain management. However,
all mice were euthanized at the end of the experiment using
concentrated carbon dioxide.

Data Analysis

DNA sequences from the field collected and KETRI isolates
were edited and merged using Bioedit software [66, 67].
The Blastn tool in NCBI was then used to identify homolo-
gous sequences in Genbank to the query sequences. The
sequences, including the identified drug-sensitive species in
GenBank, were translated to protein sequences using Expasy
translation tool. Both the DNA and protein sequences were
deposited in Genbank with Accession Numbers: OK424593-
0K424594, OK137195-OK 137198, and OK545528. These
were sequences from isolates C7, C3, C4, C5, C6, C8, and
C10 from Gendo and Kamato in Lambwe, and KETRI
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3735 from Lambwe too. Clustal W multiple alignment in
MEGA11 was then applied to compare protein sequences
from these study isolates from Lambwe to those of 7. con-
golense-sensitive species in Genbank [68]. The evolution-
ary history was inferred by using the Maximum Likelihood
method and JTT matrix-based model, and 1000 bootstraps
applied [69]. Evolutionary analyses were conducted in
MEGAL11 [69]. The average mean weekly PCV was deter-
mined for each trypanocidal drug in each of the four isolates
for the eight weeks.

Results
Ex vivo Parasitological and Molecular Results

A total of 454 blood samples were collected. Out of these,
morphological microscopic identification of eight 7. con-
golense from Gendo and Kamato villages in Lambwe Val-
ley and seven T. vivax live parasites from Kamato, Gendo,
and Kigoto was made under a light microscope. There were
no live parasites detected from Nyatoto village and no co-
infections detected microscopically. Thus, an overall preva-
lence of 1.76% for T. congolense and 1.54% for T. vivax
was detected. Additionally, three archived KETRI isolates
from Lambwe that were pre-detected microscopically were
used. Out of the 18 Trypanosoma isolates considered in this
study (seven T. vivax and eight T. congolense field isolates
and additional three archived T. congolense isolates), all
eleven T. congolense isolates gave amplification products

Lane 2 Lane 3 Lane 4

Lane 1

600bp
500bp

400bp
300bp
200bp

100bp

Lane 5

for T. congolense Savannah Fig. 3. Of the eleven T. congo-
lense Savannah positive isolates, eight (six field and two
KETRI isolates) gave amplification products with TcoAde2
gene Fig. 4. A total of eight sequences re-amplified, after
sequencing PCR-purified TcoAde?2 products. A total of seven
sequences achieved submission acceptance in GenBank
(Table 1).

Multiple sequence alignment analysis of the TcoAde2
region revealed polymorphisms in 6/7 Valine to an Isoleu-
cine at the conserved region position 132, 5/7 Alanine to
a Glycine at the position 88 and 3/7 Alanine to a Glycine
at position 30 of the T. congolense isolates. These were
isolates C3-OK137196, C6-OK424593, C10- OK137195,
C5-0OK137198, and C4-OK 137197 from Gendo and Kamato
in Lambwe, and KETRI 3735-0OK545528 from Lambwe
South (Table 1). This was based on comparisons of the
isolates, to that of drug-sensitive species in the GenBank
Accession #CCC92853.1-IL3000. Only the sequence from
T. congolense isolate C7-OK424594 did not show any poly-
morphism at positions 132, 88, and 30, C6-OK424593 at
positions 88 and 30, and C4-OK137197 and KETRI 3735-
0OK545528 at position 30.

The phylogenetic tree of the highest log likelihood
(-667.11) is shown in Fig. 5, indicating five branches of the
T. congolense isolates. The percentage of trees in which
the associated taxa clustered together is shown next to the
branches. There were a total of 216 positions in the final
dataset. Isolates, C7-OK424594 and C6-OK424593, were
very closely and closely related to the drug-sensitive iso-
late IL3000-CCC92853 from GenBank, respectively. These

Lane 6 Lane 7 Lane 8 Lane 9 Lane 10

Fig.3 Gel image showing 7. congolense savannah bands from this study Lane 1: 100bp ladder; lane 2, 3, 4, 5, 6, 8, 9, 10: T. congolense Savan-
nah positive bands; lane 7: T. congolense Savannah negative band; arrow on the right shows expected position of the band
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Lane2 Lane3 Lane 4
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Fig.4 Gel image showing TcoAde2 gene bands (a) Row 1: Lane
1: 100bp ladder; lane 2, 4, and 6: indicate positive Ade2 gene; lane
10: shows a negative control; lane 3, 5, 7, 8 and 9: were negative for
Ade2 gene; arrow on the right shows expected position of the band

were the isolates that lacked polymorphism at positions
132, 88, and 30. The rest of the isolates, C3-OK137196,
C6-0K424593, C10- OK137195, C5-OK137198, and
C4-0OK137197, from Gendo and Kamato, as well as KETRI
3735-0K545528 from Lambwe South, were distantly related
to IL3000-CCC92853.

In vivo Mice Results

Assessment of Relapses

Out of the 11 Trypanosoma isolates considered in this study,
three field isolates (C3, C6, and C7) and three biobank iso-

lates (KETRI 3696, KETRI 3735, and KETRI 2940) propa-
gated successfully in donor mice. Out of these six isolates,

Lane5

Lane6 Lane7 Lane8 Lane9 Lane 10

(b) Row 2: Lane 1: 100bp ladder; lane 2, 3 and 7: show negative
result for Ade2; Lanes 4, 5, 6, 8, 9: were positive to Ade2 gene; Lane
10, positive control; arrow on the right shows expected position of the
band

only four isolates (C7 and the three KETRI isolates) prop-
agated in drug test mice (Table 1). One isolate (C7) was
sensitive to all three trypanocidal drugs used (Table 2),
had TcoAde2 gene, and did not show polymorphisms in
the molecular assay (Fig. 6). KETRI 3696 lacked TcoAde2
gene but was sensitive to all three trypanocidal drugs in
mice assay. For infection with KETRI 2940, three mice
showed relapse 10—12 days post-treatment with homidium;
with KETRI 3735, four mice showed relapse 15, 21, 22,
and 25 days post-treatment with homidium, and two mice
relapsed on 8 and 15 days post-treatment with diminazene
(Table 2). Thus, giving an overall drug resistance prevalence
of 0.44% for T. congolense isolates.
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PCV Results

Mean weekly PCV varied after infection and treatment
with (homidium, isometamidium, and diminazene) for
the four isolates, in addition to the control groups (Fig. 7,
Supplementary files 1, 2 & 3). The control groups in all
the isolates had more pronounced drop in mean PCV over
the 8 weeks, C7—56.85 +2.08 to 0.00, KETRI 3696——
55.86+5.95 to 0.00, KETRI 2940—54.45 +7.05 to 0.00,
and KETRI 3735—55.86 +5.95 to 0.00. Drop in PCV
was more in control KETRI 3696, followed by KETRI
2940, KETRI 3735, and finally C7 isolates. PCV for iso-
late KETRI 3735 homidium-treated mice was observed
to decline considerably on the 4", 5 and 7 weeks from
57.00 +£5.58 to 46.00+5.11 compared to other isolates.
On the other hand, PCV for isolate KETRI 2940 homid-
ium-treated mice was also seen to have a noticeable drop
on 6" week from 50.50 +2.68 to 47.00 + 6.90 compared
to the rest. Of important to note is that relapses were seen
earlier from 3" to 4™ weeks, and the 2" week for the two
isolates KETRI 3735 and 2940, respectively. For dimina-
zene treatment, KETRI 3735 isolate showed a big drop in
PCV on the 5" week from 54.16 +5.38 to 50.50 + 2.68.
Relapses were, however, seen on the 2" week. Isolates
treated with isometamidium did not show much decline
over the weeks, but for KETRI 3735 there was a notice-
able decline on the 4™ to 5™ weeks. Overall mean PCV
for the 8 weeks for isolate KETRI 3735 isometamidium-
treated mice was higher, 55.48 +2.08, than its mean PCV
for diminazene and homidium treatment, 53.89 +2.76 and
53.13 +5.44 respectively. Similarly, overall mean PCV

KEN/21/Kamato/C7(OK424594)
72

66 IL3000(CCC92863 1)

KEN/21/Kamato/CE8(OK424593)

66

KEN/21/KETRIV3735(0OK545528)

KEN/21/Gendo/C4(OK137197)

KEN/21/Gendo/C5(OK137198)

KEN/21/Gendo/C10(OK137195)

KEN/21/Gendo/C3(OK137196)

0.0020

Fig.5 Phylogenetic tree showing five branches of 7. congolense, iso-
late C7 and C6 were very closely and closely related to drug sensi-
tive IL3000 respectively. C3, C4, C5, KETRI 3735 and C10 were dis-
tantly related to IL3000

for the 8 weeks in isometamidium-treated mice in isolate
KETRI 2940 54.52 + 1.68 was higher than in homidium-
treated mice 52.50+2.26. However, the difference was not
that much between isolate KETRI 3735 and KETRI 2940
isometamidium-treated mice (Fig. 7, Supplementary file
1,2 & 3).

Table 1 Characteristics of the 7. congolense study isolates and their locations

Isolate Host  Location of isolation Year of isolation Molecular Assay results In vivo mice results
C3 Cattle Lambwe-Gendo 2021 Polymorphism positions-132, 88, and  Propagated in donor mice but not in
30 test mice
C7 Cattle Lambwe-Kamato 2021 Polymorphism at position-132 Propagated in donor and test mice and
sensitive to all three drugs
Cc6 Cattle Lambwe-Kamato 2021 Polymorphism at position-132 Propagated in donor mice but not in
test mice
C10 Cattle Lambwe-Gendo 2021 Polymorphism at positions-132, 88, Not successfully propagated in donor
and 30 and test mice
C5 Cattle Lambwe-Gendo 2021 Polymorphism at positions-132, 88, Not successfully propagated in donor
and 30 and test mice
C4 Cattle Lambwe-Gendo 2021 Polymorphism at positions-132 and 88 Not successfully propagated in donor
and test mice
KETRI 3696 Tsetse Lambwe-South 1962 Lacked Ade2 genes Propagated in donor and test mice and
sensitive to all three drugs
KETRI 2940 Tsetse Lambwe-South 1984 lacked submission acceptance in Propagated in donor and test mice and
GenBank resistant to homidium
KETRI 3735 Tsetse Lambwe-South 1980 Polymorphism at position-132 and 88  Propagated in donor and test mice and

resistant to diminazene & homidium
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Discussion

This study aimed at assessing the current state of 7. congo-
lense drug sensitivity to the three main trypanocidal drugs
(isometamidium chloride, diminazene, and homidium) used
in AAT endemic regions in Kenya, characterizing resistant
species and assessing whether molecular test backed up
with in vivo drug test is a reliable approach in detecting
drug sensitivity. Molecular assays using TcoAde2 gene were
conducted, backed up with in vivo single-dose drug sensi-
tivity mice test using the three main trypanocidal drugs. In
molecular test, all 11 fields and KETRI biobanked isolates
considered were confirmed to be positive for 7. congolense
Savannah; however, not all TcoAde2 gene could be ampli-
fied. This could be attributed to lack of the TcoAde2 gene
in some isolates. Similar findings have been reported from
a study in Ethiopia [47]. In isolates that gave amplification
products for TcoAde2 gene, polymorphism in the Valine to
Isoleucine and Alanine to Glycine amino acids (positions
132, 88 and 30 — conserved regions) indicated the pres-
ence of polymorphisms from Kamato and Gendo villages
in Lambwe, and in one of the KETRI isolates from Lambwe
South. These polymorphism identified could be linked to a
shift in codon, GTC to ATC at the molecular level. This con-
firms that the common polymorphism identified in some 7.
congolense isolates from other sub-Saharan countries, such
as Zambia, Ethiopia, Zimbabwe, South Africa, and Came-
roon [42, 43, 46, 47], is also present in Kenyan T. congolense
isolates region from Lambwe.

For the low levels of species associated with drug
resistance, we suggest that it is due to the assessment
being based on T. congolense species that were detected by
microscopy, confirmed by molecular assay, and inoculated
in mice models. It could also be due to the fact that most
isolates, especially from 2021 could not propagate well in
mice model for detection of drug resistance. We suggest
this could be due to the fact that parasites from recent
years are more susceptible to immune system of the host.
Another justification for the low drug resistance could be
that the area has more drug-sensitive species. However,
the implication can be a spread of the resistant parasites
with more exposure or poor use of the trypanocidal drugs
[30, 70]. Similar reports of low levels of drug-resistant

Trypanosoma species have been reported elsewhere in
Kenya [70].

A phylogenetic tree of the sequenced isolates showed
the existence of genetic variations in the 7. congolense iso-
lates formed five branches of the species. Similar reports
on genetic variation in 7. congolense have been reported in
West, South, and East Africa [71, 72].

In the mice experiment described here, four (C7, KETRI
3735, KETRI 3696, and KETRI 2940) of the 11 T. con-
golense isolates grew successfully in mice. This could be
due to the fact that not all 7. congolense species are known
to grow well in mice [42]. In addition, the immune system
of the mice models may vary hence making some mice
immunotolerant to the isolates. The trypanocidal drugs
that showed relapse in mice experiments were homidium
and diminazene. Homidium together with isometamidium
belong to phenanthridine group of trypanocidals, which
work by inhibiting gene expression and replication of kine-
toplast DNA (kDNA) [29, 73, 74]. Resistance to these drugs
and diamidines are caused by mutations or loss of subunits
of vacuolar ATPase and transport protein or polymorphism
in mitochondrial F-1 ATPase subunit. This is known to cause
contact between the ATPases, thus causing the parasite to
get rid of the KDNA hence leading to drug resistance [73,
75, 76]. Trypanosoma congolense resistance to homidium
has also been reported in Ethiopia and Nigeria [77, 78]. In
addition, comparable results on possible existance of 7. con-
golense-resistant isolates to trypanocidal drugs have been
reported from Transmara region of Kenya [25]. Resistance to
diminazene and multi-drug resistance to diminazene, homid-
ium, and isometamidium have also been identified in Ethio-
pia and Burkina Faso [79-81]. Isolate KETRI 3696 that had
shown lack of TcoAde2 gene in molecular assay and was
sensitive to all three trypanocidal drugs proved that indeed
this transporter gene is not involved in the drug uptake.
This correlates with the findings from a different study, but
did not involve mice tests as a confirmatory test [49]. This
also correlates to a recent study that proved that dimina-
zene uptake in T. congolense was due to low processes of
transporters, such as folate transporters and resistance, may
be due to lower/decreased mitochondrial membrane poten-
tial [82]. The correlation from our study shows that, indeed
molecular assays, backed up with in vivo mice test, are a sure
approach to detect drug sensitivity in isolates. However, the
search or finding for other genes and new reliable and easy

Table 2 Drug resistance results

. - Isolates C7 KETRI3696 KETRI3735 KETRI 2940
for T. congolense isolates in a
murine model Pre-patent period 7 4 2 4
No of passages 0 0 1 1
Isometamidium mice relapsed/Total mice treated 0/6 0/6 0/6 0/6
Diminazene mice relapsed/Total mice treated 0/6  0/6 2/6 0/6
Homidium mice relapsed/Total mice treated 0/6  0/6 4/6 3/6
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pared to drug-sensitive species (IL3000), showed polymorphisms at
conserved regions position 132, 88 and 30, fromValine to Isoleucine
and from Alanine to Glycine. Arrows show regions

methods to evaluate drug resistance of Trypanosoma species
are needed. There were no isometamidium-resistant isolates.
This is probably due to the fact that immune system of the
mice was not compromised. It has been documented from
previous studies that immune system of host animal plays
a role in preventing isometamidium resistance in 7. con-
golense isolates [83], and that the drug is only involved in
preventing replication of the parasite, while immune system
is involved in killing the parasite.

Average PCV values were seen to decline in most Trypa-
nosoma-treated mice. However, the drop in PCV being more
in control groups than in experimental groups was because
the mice did not receive any trypanocidal treatment. The
drop in mean PCV in the control groups went to 0.00 as most
of the control mice did not reach the end of the experiment.
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The different level of drop of PCV in the different isolate
control groups could be attributed to the difference in the
virulence state of the isolates, in which the most recent
isolate was less virulent than isolates collected from years
before. General decline in mean PCV could be attributed to
anemia progression in infected mice [28]. This is despite
receiving treatment, which could also indicate the virulence
state of the different isolates and that it required consider-
able time for the drug to effectively circulate, and reduce the
parasitemia load. Similar findings have been reported from
elsewhere in Kenya [84]. Consistent results were also seen in
T. evansi-infected mice. The decline was more in homidium
and followed by diminazene-treated mice in two isolates.
Homidium was one of the drugs showing more relapses in
two of the isolates, followed by diminazene in one of the
isolates, thus explaining their noticeable decline in average
PCV. The preceding time period for relapses in most isolates
occurring prior to the considerable drop in average PCV
could be explained by the fact that anemia, which is linked to
low PCV, normally occurs at a later stage after an infection
with the animal trypanosomes.

Limitations

The authors accept that not all isolates from recent years
could propagate well in mice. Hence, more studies need to
be done with greater number of isolates that can propagate
well in mice to confirm cases of drug-resistant species.

Conclusion

Potential T. congolense species that are resistant to hom-
idium and diminazene exist in the Lambwe region of Kenya.
If not controlled, the impact can be a spread and increase of
the resistant parasites, and eventual increase in AAT preva-
lence. This may affect efforts toward managing the disease.
Polymorphisms that are present in TcoAde2 gene of T. con-
golense isolates from other sub-Saharan countries are also
present in isolates from Lambwe region of Kenya. Molecular
assays combined with in vivo mice test is a sure approach to
detect drug sensitivity and can be applied to other genes or
parasites for drug sensitivity tests. Nonetheless, using new
reliable and easier to use techniques would be more appro-
priate. Decline in PCV in trypanocidal-treated host species
that are infected with animal trypanosomes could indicate
resistant Trypanosoma species to the used drugs.
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