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Nowadays, despite the instauration of several control strategies, animal trypanosomiasis continues to be reported all over Uganda.
Few canine African trypanosomiasis (CAT) studies have been carried out, yet dogs are known Trypanosoma reservoirs that share
identical home ranges with livestock and serve as parasite link between livestock and humans. This study evaluates the prevalence
of CAT in dogs in the Bwindi-Mgahinga and Queen Elizabeth conservation areas. This information will be useful to evaluate the
possible role of dogs in the transmission cycle of Trypanosoma species in livestock and wild animals. Trypanosome tests using
microhematocrit centrifugation/dark ground microscopy technique (MHCT) followed by conventional polymerase chain
reaction (cPCR) were performed in blood samples collected from identified indigenous dogs (n = 124). Four (3.23%) out of 124
dogs were positive for CAT. One dog was positive with Trypanosoma congolense and three with T. vivax. There was no
significant statistical difference in CAT prevalence rate in relation to dog’s age, sex, and site (P > 0.05). This study reports what
we believe is the first time detection of T. congolense and T. vivax in the indigenous dogs found in the Bwindi-Mgahinga and
Queen Elizabeth conservation areas in western Uganda. The noticed T. congolense and T. vivax could be responsible for both
canine and animal trypanosomiasis and represent a serious threat to the livestock industry. Therefore, there is a need for
continuous trypanosomiasis surveillance and integrated management in contiguity to wildlife reserves.

1. Introduction

The African animal trypanosomiasis (AAT), commonly
known as nagana, caused by protozoan parasites of the
genus Trypanosoma, transmitted by Glossina spp. (tsetse
fly) and mechanically by hematophagous flies in the genus
Stomoxys (stable fly) and Tabanus (horse flies), is prevalent
in sub-Saharan Africa [1-3]. The reservoir hosts include
wild and domestic animals [1-5]. AAT caused by Trypano-
soma congolense, T. vivax, and T. simiae is a significant con-

straint to livestock health and development [3, 6-9]. AAT
annually affects hundreds of thousands of livestock espe-
cially cattle in sub-Saharan Africa, leading to premature
abortion, infertility, and a decline in meat, milk production,
and draught power [6, 7, 9-13]. The AAT dominant vectors
include Glossina morsitans, G. pallidipes, G. f. fuscipes, G.
brevipalpis, G. m. morsitans, and G. p. palpalis [1, 8, 9].
Canine trypanosomiasis has been reported in the UK
[14], Brazil [15], the USA [16, 17], Senegal [18], Zambia
[4], Nigeria [19], Kenya [20], and Uganda [9, 21, 22]. Studies
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by Abenga and Lawal [23] and Matete [20] stated that some
indigenous dogs infected by trypanosomes in tsetse-infested
regions of sub-Saharan Africa did not exhibit any clinical
signs of the infection. Those dogs seem to be tolerant to
the trypanosomes, increasing difficulties in detecting or sus-
pecting the disease. In Uganda, numerous bovine, caprine,
and porcine trypanosomiasis research have been conducted
in several parts of the country [6, 7, 9, 12, 24-28]. In all these
studies, reservoir hosts implicated include wildlife species
such as nonhuman primates, warthogs, hippopotamus,
crocodiles, and monitor lizards with little or no suspicion
for dogs.

In southwestern Uganda, including Kasese, Kabale, and
Kisoro districts, traditional livestock farmers keep dogs
mostly for security (guarding property including livestock),
herding, hunting, and scaring oftf vermin from the nearby
protected areas. These dogs roam freely in communities, in
and around Bwindi-Mgahinga and Queen Elizabeth national
parks, increasing their chances of serving as a link for para-
site exchange among wildlife, livestock, and humans. This is
critical given the fact that Bwindi-Mgahinga and Queen
Elizabeth national parks are the largest contiguous and inter-
linked conservation areas [29, 30] with diverse populations
of protected and tourist-attractive animals including the
mountain gorillas. Up-to-date, little is known about the
Trypanosoma species parasites responsible for canine
African trypanosomiasis (CAT) in indigenous dogs in
Uganda. The objective of the current study was to define
the profile of CAT infection burden in dogs that live in the
communities contiguous to Bwindi-Mgahinga and Queen
Elizabeth conservation areas. This information can increase
our awareness on health and transmission risk among dogs,
livestock, wild animals, farmers, and the tourists that flock
the area from all over the world. On the other hand, this
study will increase the knowledge of canine trypanosomiasis
and the species involved in Uganda.

2. Materials and Methods

2.1. Study Sites. Surveys were carried out in and around
Bwindi-Mgahinga and Queen Elizabeth conservation area
in western Uganda (Figure 1).

(1) Bwindi Impenetrable National Park (331 km? 0°53-
1°08'N; 29°35'-29°50'E) in southwestern Uganda
on the eastern edge of the Albertine Rift Valley is
an afro-montane moist, evergreen rainforest with
an altitude range of 1,160 to 2,607 m, characterized
by steep-sided hills, peaks, narrow valleys, and aver-
age daily rainfall of 1.25 to 3.88 ml and temperature
range of 19.8 to 27.7°C [31]. This “impenetrable rain
forest” is one of the most diverse forest ecosystems in
East Africa, with at least 223 known tree species of
approximately 53% of Uganda’s tree flora, and pro-
vides shelter to several birds including 23 Albertine
Rift endemics, nonhuman primates, and other wild
animals. Bwindi protects an estimated 400 mountain
gorillas, roughly half of the world’s population,
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including several habituated groups, which can
be tracked

(2) Mgahinga Gorilla National Park (MGNP), created in
1991, is small, occupying 3,390ha (33.9km®) in
southwestern Uganda, bordering Rwanda to the
south and the Democratic Republic of Congo
(DRC) to the west. MGNP is contiguous to Virunga
National Park (VNP) in the DRC and Volcanoes
National Park in Rwanda. MGNP was established
mainly to protect mountain gorillas (Gorilla gorilla
beringei), vulnerable populations of indigenous
plants and animals endemic to the area, and other
ecological resources [32]

(3) Queen Elizabeth National Park (QENP), gazetted in
1950, is located within the Albertine Rift in Western
Uganda, covers a total area of 1,978 km?, comprised
of hills, plains, forest, and swamp, and abuts the
border of the Democratic Republic of Congo. QENP
is the second largest National Park in Uganda, cover-
ing the districts of Kanungu, Bushenyi, Kasese,
Rukungiri, Kamwenge, and Ibanda. QENP includes
more than half the Uganda shoreline of the great
lakes Edward and George, as well as the 20-mile-
long Kazinga Channel which connects the two, and
is listed as a world biosphere reserve [33, 34]

2.2. Sample Collection. Clearance for sampling was obtained
from Uganda National Council for Science and Technology,
dog owners, and district veterinary offices, in order to obtain
canine blood samples during Daktari East Africa NGO activ-
ities in the conservation areas studied. Daktari East Africa
(http://www.daktariandorra.org) is a veterinary NGO that,
among other activities, provides rabies vaccination, deworm-
ing, treatment, and surgical sterilizations in African domes-
tic animals including dogs. Samples were collected between
the 7 and 22 July of 2018. Demographic data, signalment
(species, age, sex, breed, and season), and clinical signs were
recorded for each dog. According to owners’ information,
any dog that has never received trypanocidal treatment was
included in the study. Blood samples were conveniently
collected from identified indigenous dogs (Canis familiaris;
n =124), living in the conservation areas of Queen Elizabeth
(13 females, 29 males), Bwindi Impenetrable (14 females, 28
males), and Mgahinga Gorilla National Park (13 females, 27
males). The dogs were aged 6 months and above and were
ranked following the international veterinary age categories
[35], namely, juvenile (6-12 months), young adult (aged 1
year or 12-24 months), mature adult (2-6 years), senior
adults (7-11 years), and geriatric (above 11 years). Two to
three milliliters of blood was obtained from the cephalic or
jugular vein of each dog into a 5-ml ethylenediamine tetra
acetic (EDTA) vial. Of this blood, the portion was used for
the preparation of microhematocrit tubes for subsequent
centrifugation and examination for trypanosomes as pre-
scribed by [36]. The rest of the blood samples were stored
in liquid nitrogen until polymerase chain reaction was
performed in the laboratory.
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FIGURE 1: Location of western Uganda showing Queen Elizabeth, Bwindi Impenetrable and Mgahinga Gorilla National Parks, and the
conservation areas (marked in round red dots) where dogs were sampled from.

2.3. Ethical Clearance. This study was approved by the
Uganda National Council for Science and Technology
(UNCST) on 10 June 2018. At the district level, this study
was approved by the district veterinary officers (DVOs) from
Kasese, Kabale, and Kisoro. Dog owners were mobilized by
holding village meetings in churches and centers through
the local council authorities who kept on reminding dog
owners to be alert of the sampling exercises on the agreed
date and time.

2.4. Detection of Trypanosomes with Microhematocrit
Centrifugation/Dark Ground Microscopy Technique (MHCT).
The capillary tubes were centrifuged at 12,000 rpm for 5 min,
and the trypanosomes present were detected by observation
of parasite motion just above the buffy coat. In a sample where
trypanosomes were detected, the microhematocrit tube was
cut with a diamond pointed pen 1 mm below the bufty coat

to include the uppermost layer of red blood cells and 3 cm
above to include the plasma and then transferred to a glass
slide and covered with a cover slip (22 x 22mm). The wet
smear was observed for trypanosomes under the microscope
at x 10 eyepieces in combination with a x 25 objective with
reduced illumination and classified into species basing on their
size and movement behavior, whereby T. vivax is large and
moves faster across the field, T. congolense is small in size com-
pared to red blood cell diameter, sluggish/vibrates without
progressing and its invariable attachment to red blood cells,
and T. brucei is large and swims within a limited area [36].

2.5. DNA Extraction and Molecular Identification by PCR.
All the collected dog samples (males =84 and females =40)
were analyzed. GenElute Blood Genomic DNA kit was used
to extract DNA from 100 pl of each blood sample following
the genomic DNA protocol (http://www.sigma-aldrich.com/
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genomicdna). Small aliquots of extracted DNA were stored
at —20°C until required for use as template DNA for testing
individual DNA extracts for infecting trypanosome species.
The extracted DNA samples were subjected to a
conventional polymerase chain reaction (cPCR) in 25ul
reaction volumes containing 4.375 ul double distilled water,
0.0625 ul ITS-CF primer, 0.0625ul ITS-BR primer, 6.25 ul
2xmy Taq mix enzyme, 0.25ul MgCl,, and 1.5ul of the
template DNA. The primers (ITS-CF and ITS-BR) were
designed targeting the internal transcribed spacer (ITS)
region for efficient Trypanosoma species differentiation.
The PCR cycling conditions were programmed following a
protocol outlined by [37] including initial denaturation at
94°C for 5 min, followed by 35 amplification cycles each con-
sisting of 1 min denaturation at 94°C, 1 min primer anneal-
ing at 60°C, and 1 min polymerization at 72°C, with a final
extension at 72°C for 5min. Positive controls: purified
DNA of T. b. brucei, T. congolense, T. vivax and T. b. rhode-
siense, and negative controls: double distilled water were
included in each set of reaction. Amplified products were
resolved by electrophoresis through 1.5% w/v agarose gels
containing 0.5 ug/ml ethidium bromide and flooded with
1x TBE buffer. Electrophoresis conditions were 55V and
250 mA and run for 30 min. Trypanosome species determi-
nation by cPCR analysis involved comparing individual
sample PCR amplicons with the corresponding band size
of the positive control bands. The presence of two or more
bands indicates mixed trypanosome infections, while single
bands signify single/monolithic infections.

2.6. Statistical Analysis. Microsoft Excel spreadsheets were
used for raw data entry and management. The prevalence
rate was defined as the proportion of trypanosome infected
dogs among all the dogs examined during the study. All
analyses were carried out using IBM SPSS Statistics 23 pack-
age. Pearson Chi-square test was used to assess any statistical
difference in the prevalence rate of CAT among the three
conservation sites, age groups, and between the dog’s sex,
and p value of 0.05 was considered significant.

3. Results

The buffy coat dark ground illuminated preparations
detected trypanosomes in four samples, which were also
positive with the PCR. One sample had a separate band of
800 base pair (bp) for T. congolense, and three samples had
separate bands of 250bp for T. vivax, unlike for T. brucei
of approximately 480 bp. Therefore, we conclude that four
dogs out of 124 presented CAT detected by MHCT and
PCR, indicating a prevalence rate of 3.23% (Table 1). The
four positive dogs were three mature adult females and a
mature adult male from Bwindi and Queen Elizabeth con-
servation areas, respectively (Table 2). They did not show
evident clinical signs apart from poor body conditions and
the presence of ecto-parasites mainly ticks of Rhipichepalus
species and fleas, such as the other dogs included in the
study. There was no significant statistical difference in
CAT prevalence rate in relation to sex (X* =3.456, df =1,
p=0.063), age (X*>=8.680, df =4, p=0.07), and site
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(X?=3.494, df =2, p=0.174). There was no co-infection,
and no T. brucei group was detected despite using ITS 1 rDNA
speciation of trypanosomes targeting T. brucei inclusive.

4. Discussion

The current study reports for the first time canine African
trypanosomiasis caused by T. congolense and T. vivax in
free-ranging indigenous dogs that live in and around Bwindi
and Queen Elizabeth conservation areas in Uganda. Animal
trypanosomiasis is an important concern for livestock devel-
opment allover Uganda. Trypanosomiasis is mainly reported
in ruminants and pigs [9], but very little investigation has
been developed in dogs [22]. The lack of knowledge about
CAT in southwestern Uganda may be due to the absence
of concern of a possible role of dogs in trypanosomiasis
transmission, yet routine livestock treatment is carried out
with different trypanocides such as diminazene aceturate
(Berenil®), isometamidium chloride (Samorin®), and homi-
dium chloride (Novidium®) in many areas [37, 38]. How-
ever, the recently recognized trypanosomes’ resistance to
isometamedium chloride and/or diminazene aceturate
[39-41] remains a big threat to animal industry and calls
for immediate satisfactory investigation. The present study
offers knowledge about CAT prevalence and its possible role
in transmission of trypanosomiasis among livestock, dogs,
wildlife, and humans. On the other hand, the dogs studied
did not manifest any clinical signs suggestive of CAT as
was the same scenario in a previous related study [19]; there-
fore, clinical suspicion of CAT disease remains difficult. For
this reason, MHCT and PCR detection can aid to define
CAT incidence in an area where dogs live in close contact
with livestock, wildlife, and humans. Studies in other areas
evaluating canine trypanosomiasis describe clinical signs
associated with the infection such as anemia, fever, body
weakness, corneal opacity leading to blindness, arrhythmia,
lymphadenopathy, weight loss, infertility, abortion, and
death if not treated [19, 42]. One limitation of our current
study was that neither thorough clinical history, nor a com-
plete blood count and biochemistry profile of each dog was
included to help define if infected dogs were clinically healthy.

All the infected dogs were mature adults which are active
and may roam freely within communities and to the neigh-
boring national parks without restriction. This could be
because mature adult dogs prioritize regular exercise and/
or stimulating activities including running, security, herding,
and hunting, which, together with their free-roaming behav-
iors, exposes them to risks of diseases including CAT. How-
ever, further studies with large dog population of different
age groups are still needed to define accurately the impact
of age on CAT prevalence.

The 3.23% CAT prevalence rate in dogs in the current
study does not vary from the 3.3% and 4.7% recorded in
dogs in Buvuma Islands in Lake Victoria, Uganda [21],
and Eastern Uganda [22], respectively. However, this preva-
lence rate is relatively low compared with the 14% and 6.42%
reported in bovines in Uganda [9, 38]. This could indicate a
canine resistance to infection compared to other animal spe-
cies, making dogs serve as an important reservoir, providing
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TaBLE 1: Summary showing the total number of dogs examined and their infection status in the three conservation areas.

No. of trypanosome infected dogs detected by both MHCT and PCR rDNA

Conservation area Sample size (n) T. vivax T. congolense Prevalence rate (%)
Queen Elizabeth 42 0 1 2.38
Bwindi 42 3 0 7.14
Mgahinga 40 0 0 0

Total 124 3 1 323

TaBLE 2: CAT prevalence rate (%) in relation to age in the three conservation areas.

Conservation area Juvenile (1)

Young adult (n) Mature adult (n)

Senior adult (n) Geriatric (n) Prevalence rate (%)

Queen Elizabeth 8 14
Queen Elizabeth CAT status 0 0
Bwindi 10 11
Bwindi CAT status 0
Mgahinga 13
Mgahinga CAT status 0
Total 31 34

12 7 1
2.38

1(T. ¢ 0 0

11 10 0
7.14

3(T.v) 0 0

7 2

0

0 0

30 26 3 3.23

Key: n: number of dogs sampled; T.c: T. congolense; T.v: T. vivax.

a link for tsetse fly infection, and onward transmission to
livestock and wild animals. Therefore, further studies are
required in order to define a CAT prevalence and its clinical
effects in all trypanosomiasis endemic and suspected areas in
Uganda and Africa. The recognized T. congolense and T.
vivax in the conservation areas could be due to livestock
since farming is their main economic activity and the sur-
rounding dense vegetative forests that harbor Glossina spp.
and reservoir hosts all need to be investigated. Apparently,
there are no relevant and latest entomological Glossina spp.
data for Bwindi-Mgahinga and Queen Elizabeth conserva-
tion areas, and this should be looked at immediately. The
perceived T. vivax may also reflect mechanical transmission
by hematophagus Tabanus and Stomoxys flies which makes
its control difficult even with integrated vector management
as has been noticed elsewhere [3, 8, 43].

Lastly, climate change can be an important variable for
CAT prevalence, but further studies are required to define
its impact. The current increase in human population and
changes in land use, massive penetration, and destruction
of Glossina spp. natural conducive habitat, including wet-
lands, and the establishment of new contact zones might
change the parasite-host interactions over time (personal
observation). These factors together with global warming
may trigger Glossina spp. and CAT mechanical transmitters
to respond by survival adaptation, increasing chances of
parasite-host interactions and risks of parasite spread to
domestic animals.

5. Conclusion and Recommendation

The scarcity of CAT reports in Ugandan dogs including the
studied sites can be attributed to insufficient epidemiological
surveillance and trypanosomiasis control exercises on dogs
unlike livestock which are routinely monitored and treated
with trypanocides (personal observations). Therefore, it

should be important to consider the dogs’ significant role
in the epidemiology of CAT. Trypanosomiasis is a big con-
straint in the livestock industry, and the Ugandan national
policy on control of tsetse and trypanosomiasis mainly con-
siders 5% prevalence rate of infection as the minimum for an
area to be considered for appropriate intervention [39]. In
the case of CAT, the recognized 3.23% prevalence rate is
worrying, suggesting that careful monitoring of epidemio-
logical data should be carried out for one to be aware of
the future requirements of the interventions. The fact that
even the CAT-positive dogs did not show any significant
clinical signs related to trypanosomiasis infection calls for
further investigation to define if there is canine resistance
to this disease. There is a need for enough financial support
for regular monitoring of both domestic and wild animals
with molecular diagnosis and routine investigation on tsetse
fly spp. and mechanical transmitters in all endemic and sus-
pected areas in Uganda. This study increases awareness of
CAT in Uganda and its relation with cattle and wild animal
trypanosomiasis. It is required that further studies should
screen for CAT in a larger canine Ugandan population in
order to define its role and the appropriate management.

Data Availability

The data supporting the findings of this study are available
from the corresponding author upon request.

Ethical Approval

Permission to use animals in this research was granted by
the Research and Higher Degrees Committee of the Faculty
of Veterinary Medicine, Makerere University, Uganda, and
the Uganda National Council for Science and Technology.
This study adhered to Ugandan legal requirements.



Consent

The Research and Higher Degrees Committee of the Faculty
of Veterinary Medicine, Makerere University, and the
Uganda National Council for Science and Technology
granted consent to participate in this study. The consent
for publication of this study was granted by the Research
and Higher Degrees Committee of the Faculty of Veterinary
Medicine, Makerere University, and the Uganda National
Council for Science and Technology.

Disclosure

The presentation of the manuscript is in preprint in
Research Square: https://www.researchsquare.com/article/
rs-1492838/v1.

Conflicts of Interest

The authors hereby declare no potential sources of conflict
of interest or competing interests.

Authors’ Contributions

JMF and JRO conceived and designed this study. JMF and
LMR carried out blood sample collection. JRO carried out
laboratory MHCT and PCR tests and statistical analyses.
JMR, JRO, and MPB contributed to the study design and
the manuscript. All authors participated in the manuscript
write-up, reviewed the final version, and approved it to be
submitted for publication.

Acknowledgments

This study was funded by the Daktari East Africa NGO. The
involvement of the Mission Rabies UK is equally appreci-
ated. The authors also wish to acknowledge the voluntary
assistance of the district veterinary officers of Kabale, Kasese,
and Kisoro districts and the dog owners during sample col-
lection. We also acknowledge with thankfulness the great
contribution of Mr. Jaume Gardela Santacruz in designing
the study map.

References

[1] FAO, “Tsetse and trypanosomosis information,” Tsetse and
Trypanosomosis Information Bulletin, vol. 34, 2011, https://
www.fao.org/3/i2770e/12770E.pdf.

[2] K. I Kasozi, G. Zirintunda, F. Ssempijja et al., “Epidemiology
of trypanosomiasis in wildlife—implications for humans at
the wildlife Interface in Africa,” Frontiers in Veterinary Sci-
ence, vol. 8, pp. 1-15, 2021.

[3] G.Uilenberg, A field guide for the diagnosis, treatment and pre-
vention of African animal trypanosomosis, Food and Agricul-
ture Organisation of the United Nations, Rome, 1998.

[4] M. Lisulo, C. Sugimoto, K. Kajino et al., “Determination of the
prevalence of African trypanosome species in indigenous dogs
of Mambwe district, eastern Zambia, by loop-mediated
isothermal amplification,” Parasites and Vectors, vol. 7, no. 1,
pp. 1-7, 2014.

Journal of Parasitology Research

[5] N.N. Nongo, M. T. Tion, T. T. Apaa, and B. Ogunro, “A case
of canine trypanosomosis with epistaxis in a two- year old
Alsatian dog,” IOSR Journal of Agriculture and Veterinary Sci-
ence, vol. 8, no. 11, pp- 2319-2372, 2015.

[6] D. Muhanguzi, K. Picozzi, ]. Hatendorf et al., “Collateral ben-
efits of restricted insecticide application for control of African
trypanosomiasis on Theileria parva in cattle: a randomized
controlled trial,” Parasites ¢ Vectors, vol. 7, no. 1, p. 432, 2014.

[7] D.Muhanguzi, K. Picozzi, ]. Hatendorf et al., “Prevalence and
spatial distribution of Theileria parva in cattle under crop-
livestock farming systems in Tororo District, Eastern Uganda,”
Parasites and Vectors, vol. 7, no. 1, p. 91, 2014.

[8] K.I Ogbu, B. M. Anene, N. E. Nweze, I. C. Chukwudi, and M. A.
Danladi, “Trypanosomosis in dogs: a review,” International Jour-
nal of Science and Applied Research (ISSN: 2504-9070), vol. 2,
pp. 144-174, 2017.

[9] C. Waiswa, W. Olaho-Mukani, and E. Katunguka-Rwakishaya,
“Domestic animals as reservoirs for sleeping sickness in three
endemic foci in south-eastern Uganda,” Annals of Tropical
Medicine and Parasitology, vol. 97, no. 2, pp. 149-155, 2003.

[10] F.Giordani, L.]. Morrison, T. G. Rowan, H. P. DE Koning, and
M. P. Barrett, “The animal trypanosomiases and their chemo-
therapy: a review,” Parasitology, vol. 143, no. 14, pp. 1862
1889, 2016.

[11] L.]J. Morrison, L. Vezza, T. Rowan, and J. C. Hope, “Animal
African trypanosomiasis: time to increase focus on clinically
relevant parasite and host species,” Trends in Parasitology,
vol. 32, no. 8, 2016.

[12] R. Selby, K. Bardosh, K. Picozzi, C. Waiswa, and S. Welburn,
“Cattle movements and trypanosomes: restocking efforts and
the spread of Trypanosoma brucei rhodesiense sleeping sick-
ness in post-conflict Uganda,” Parasites & Vectors, vol. 6,
no. 1, 2013.

[13] P.P. Simarro, G. Cecchi, M. Paone et al., “The Atlas of human
African trypanosomiasis: a contribution to global mapping of
neglected tropical diseases,” International Journal of Health
Geographics, vol. 9, no. 1, 2010.

[14] A. G. Gow, J. W. Simpson, and K. Picozzi, “First report of
canine African trypanosomosis in the UK,” The Journal of
Small Animal Practice, vol. 48, no. 11, pp. 658-661, 2007.

[15] B. Basso, I. Castro, V. Introini, P. Gil, C. Truyens, and
E. Moretti, “Vaccination with Trypanosoma rangeli reduces
the infectiousness of dogs experimentally infected with Trypa-
nosoma cruzi,” Vaccine, vol. 25, no. 19, pp. 3855-3858, 2007.

[16] L.]J.Eloy and S. B. Lucheis, “Canine trypanosomiasis: etiology
of infection and implications for public health,” Journal of
Venomous Animals and Toxins including Tropical Diseases,
vol. 15, no. 4, pp. 589-611, 2009.

[17] S. Gabrielli, M. Spinicci, F. Macchioni et al., “Canine Trypano-
soma cruzi infection in the Bolivian Chaco,” Parasites & Vec-
tors, vol. 11, no. 1, p. 632, 2018.

[18] S. Ravel, O. Mediannikov, G. Bossard, M. Desquesnes,
G. Cuny, and B. Davoust, “A study on African animal trypano-
somosis in four areas of Senegal,” Folia Parasitologica, vol. 62,
2015.

[19] J. N. Abenga, K. David, C. Ezebuiro, and F. Lawani, “Observa-
tions on the tolerance of young dogs (puppies) to infection
with Trypanosoma congolense,” African Journal of Clinical
and Experimental Microbiology, vol. 6, no. 1, 2005.

[20] G. O. Matete, “Occurrence, clinical manifestation and the
epidemiological implications of naturally occurring canine


https://www.researchsquare.com/article/rs-1492838/v1
https://www.researchsquare.com/article/rs-1492838/v1
https://www.fao.org/3/i2770e/I2770E.pdf
https://www.fao.org/3/i2770e/I2770E.pdf

Journal of Parasitology Research

[21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

(29]

(31]

(32]

(33]

(34]

trypanosomosis in western Kenya,” The Onderstepoort Journal
of Veterinary Research, vol. 70, no. 4, pp. 317-323, 2003.

J. W. Magona, D. W. Kakaine, and J. S. P. Mayende, “Preva-
lence and distribution of animal trypanosomosis on Buvuma
Islands related papers,” Tropical Animal Health and Produc-
tion, vol. 31, no. 2, pp. 83-87, 1999.

B. B. Nakanwagi, P. Auckland, K. Picozzi, and E. Matovu, “Sig-
nificance of dogs as reservoirs for Trypanosoma brucei rhode-
siense Human African Typanosomiasis in selected disease foci
in eastern Uganda [Lecture to MSc Design Year 2],” 2011.

J. N. Abenga and I. A. Lawal, “Implicating roles of animal res-
ervoir hosts in the resurgence of Gambian trypanosomosis
(sleeping sickness),” African Journal of Biotechnology, vol. 4,
pp. 134-137, 2005.

E. Aksoy, E. L. Telleria, R. Echodu et al., “Analysis of multiple
tsetse fly populations in Uganda reveals limited diversity and
species-specific gut microbiota,” Applied and Environmental
Microbiology, vol. 80, no. 14, pp. 4301-4312, 2014.

S. Biryomumaisho, S. E. Melville, E. Atunguka-Rwakishaya,
and G. W. Lubega, “Detection of natural Trypanosoma vivax
infections in pigs with microhaematocrit centrifugation and
amplification of ITS1 rDNA,” The Onderstepoort Journal of
Veterinary Research, vol. 76, no. 3, pp. 285-289, 2009.

R. Echodu, M. Sistrom, R. Bateta et al., “Genetic diversity and
population structure of Trypanosoma brucei in Uganda:
implications for the epidemiology of sleeping sickness and
nagana,” PLoS Neglected Tropical Diseases, vol. 9, no. 2, article
€0003353, 2015.

D. Muhanguzi, A. Mugenyi, G. Bigirwa et al., “African animal
trypanosomiasis as a constraint to livestock health and pro-
duction in Karamoja region: a detailed qualitative and quanti-
tative assessment,” BMC Veterinary Research, vol. 13, no. 1,
2017.

D. Muhanguzi, K. Picozzi, ]. Hatendorf et al., “Improvements
on restricted insecticide application protocol for control of
human and animal African trypanosomiasis in eastern
Uganda,” PLoS Neglected Tropical Diseases, vol. 8, no. 10,
article 3284, 2014.

C. Kazoora, Forest landscape restoration: Uganda country
report, IUCN-EARO and WWE-EARPO, Sustainable Devel-
opment Centre, Kampala, 2002.

A. Rossi, “Uganda wildlife trafficking assessment,” 2018,
https://www.traffic.org/site/assets/files/8460/uganda_
wildlife_assessment.

A. Mcneilage, A. J. Plumptre, A. Brock-doyle, and A. Vedder,
“Bwindi impenetrable National Park, Uganda: gorilla census
1997, Oryx, vol. 35, no. 1, pp. 39-47, 2001.

T. M. Butynski and J. Kalina, “Three new mountain national
parks for Uganda,” Oryx, vol. 27, no. 4, pp. 214-224, 1993.

A. Barirega, M. Buyinza, F. Kansiime, and G. Basuta-isabirye,
“The effects of crop raiding on household food security in
the Albertine rift: a case study of Queen Elizabeth National
Park, Western Uganda,” Human Dimensions of Wildlife,
vol. 15, no. 1, pp. 45-54, 2010.

A.J. Plumptre, B. Kirunda, H. Mugabe et al., The Impact of Fire
and Large Mammals on the Ecology of Queen Elizabeth
National Park, Wildlife Conservation Society and Woods Hole
Research Centre, Uganda, 2010.

(35]

(36]

(37]

(38]

(39]

(40]

(41]

[42]

(43]

N. D. Harvey, “How old is my dog? Identification of rational
age groupings in pet dogs based upon normative age-linked
processes,” Frontiers in Veterinary Science, vol. 8, pp. 6-11,
2021.

P. K. Murray and W. I. M. Mcintyre, “An improved parasito-
logical technique for the diagnosis of African trypanosomia-
sis,” Transactions of the Royal Society of Tropical Medicine
and Hygiene, vol. 71, no. 4, pp. 325-326, 1977.

J. Mohini and J. D. Deshpande, “Polymerase chain reaction:
methods, principles and application,” International Journal
of Biomedical Research, vol. 2, no. 1, pp. 81-97, 2010.

D. Muhanguzi, E. Macleod, and J. Fyfe, “Bovine trypanosome
species prevalence and farmers’ trypanosomiasis control
methods in south-western Uganda,” Journal of the South Afri-
can Veterinary Association, vol. 85, pp. 5-9, 2004.

C. Waiswa and E. Katunguka-Rwakishaya, “Bovine trypanoso-
miasis in south-western Uganda: packed-cell volumes and
prevalences of infection in the cattle,” Annals of Tropical Med-
icine and Parasitology, vol. 98, no. 1, pp. 21-27, 2004.

A. S. Peregrine, H. Hiruml, and K. Hirumi, “Axenic culture of
Typanosoma congolense: application to the detection of
sensitive levels of blood stream trypomastigotes to diminazene
aceturate, homidium chloride, and isometamidium chloride
and quinapyramine sulphate,” Journal of Protozoology Research,
vol. 3, pp. 52-63, 1993.

A. Solomon and S. Workineh, “Drug resistance in African ani-
mal trypanosomes: a review,” African Journal of Microbiology
Research, vol. 12, no. 17, pp. 380-386, 2018.

E. Tihon, H. Imamura, F. Van den Broeck, L. Vermeiren, J. C.
Dujardin, and J. Van Den Abbeele, “Genomic analysis of
isometamidium chloride resistance in Trypanosoma congo-
lense,” International Journal for Parasitology: Drugs and Drug
Resistance, vol. 7, no. 3, pp. 350-361, 2017.

S. Karger and N. Y. Sydney, “Review of Pathology of Diseases in
Domestic and Laboratory Animals Caused by Trypanosoma con-
golense, T. vivax, T. brucei, T. rhodesiense and T. gambiense,”
Veterinary Pathology, vol. 9, no. 1_suppl, 1972.


https://www.traffic.org/site/assets/files/8460/uganda_wildlife_assessment
https://www.traffic.org/site/assets/files/8460/uganda_wildlife_assessment

	Investigation on Prevalence of Canine Trypanosomiasis in the Conservation Areas of Bwindi-Mgahinga and Queen Elizabeth in Western Uganda
	1. Introduction
	2. Materials and Methods
	2.1. Study Sites
	2.2. Sample Collection
	2.3. Ethical Clearance
	2.4. Detection of Trypanosomes with Microhematocrit Centrifugation/Dark Ground Microscopy Technique (MHCT)
	2.5. DNA Extraction and Molecular Identification by PCR
	2.6. Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusion and Recommendation
	Data Availability
	Ethical Approval
	Consent
	Disclosure
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

