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Abstract

Background: Rodents which constitute 42% of the world’s mammalian population are major reservoirs of pathogens that
cause zoonoses. Currently we know little about rodents’ potential zoonotic transfer from human settlements into protected
areas and how any such threats might be reduced.

Objective: To investigate the role of rodents as reservoirs of zoonotic pathogens along the boundary of Bwindi.
Methods: A rodent inventory in three villages along the edge of Bwindi, was carried using live trapping techniques and the
local rodents’ ecto and endoparasite fauna investigated.

Results: Two hundred eighty eight rodents captured belonged to 24 species, 17 genera and 4 families with Lophuromys aq-
uilus being most abundant (30.2%). 240 ectoparasites which included mites, fleas and ticks were collected from 88 rodents
out of 249. Proamys jacksoni rodents were most infested. Although the mites represented the largest proportion (84.6%), the
highest species diversity was shown among the fleas (9 species). Some 36.9% of the rodents were infected with endopara-
sites of which L. aquilus haboured most. Endoparasitic genera identified included Nippostrongylus, Ascaris, Strongyloides,
Trichuris, Hymenolepis, Taenia and Cryptosporidium.

Conclusion: Rodents have a zoonotic potentiality. There is need for developing effective integrated rodent management
programs against rodent to reduce chances of parasite transmission within the protected areas.
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a wide variety of food and adapt to fast environmen-
tal changes *. This flexibility has made rodents efficient
hosts to many ectoparasites, majority of which are vec-
tors of socio-economically important pathogens.
Rodents can transmit infectious agents from natural to
modified environments in various ways *; hotizontally
to other rodents living close to anthropised environ-
ments °, as reservoirs on which intermediate vectors
feed and get infected before transmitting the infectious
organisms to humans and other animals ® and from an-
thropised areas to wild animals . Rodents are not only
infected by potential zoonotic helminthes (Trichuria
and Hymenolepis sp) and coccidian protozoa’ but also
known to transmit human and animal diseases such as
Leptospira spp, Borrelia spp., Yersinia pestis and Bartonella
spp®. The humans contract Leptosporosis through di-
rect contact with urine or sometimes the environment
contaminated with urine containing leptospires ®. Even
though Borrelia species has no known animal species
as reservoirs, B. duttonii was found to be maintained
in rodents ”'!. Rodents are thought to be reservoirs for
Yersinia pestis that causes plague, a disease that has af-
fected humans in West Nile, Uganda®.

The nature and frequency of human contact with wild-
life, rodents inclusive, is increasing as a result of hunt-
ing, human encroachment on wildlife habitats, research,
ecotourism, and other activities that bring people and
wildlife into close proximity or direct contact "% Peo-
ple surrounding Bwindi are subsistence farmers who
supplement their meager existence from the forest re-
source utilisation zones . Within the communities are
specialist user groups with interests such as beekeeping,
traditional medicines, basketry, pit-sawing, game hunt-
ing, fishing and gold mining, Of particular note are the
Batwa, a marginalised indigenous group of hunter-gath-
erers who now squat near the boatder of the park .

Wildlife including rodents move across the park bound-
ary venturing into areas used by humans and thus come
into direct or indirect contact with people along the
park margin and their livestock "°. Conversely, animals
in the park interact with the field assistants and tourists
who later interact with local community. All such in-
teractions have potential for permitting anthroponotic
and zoonotic pathogen transmission and thus modify
the threat of disease to animals and people '°. Of pat-
ticular concern are Bwindi’s gorillas and chimpanzees
as these are susceptible to many human pathogens and
are known to have been killed by exposure in the past'’.
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Any such exposure increases the threat to these already
vulnerable populations.

As the interaction between humans and wildlife increas-
es, the importance of surveillance for emerging diseases
cannot be overstated. This study examined the species
composition of rodents along Bwindi boundary and
their associated parasites to avail information on pos-
sible endoparasites causing zoonoses and ectoparasites
which are potential vectors of agents that cause zoon-
oses.

Materials and methods

The study was conducted in and around Bwindi — a
331 km? area of mountain forest in SW Uganda. Sam-
pling was carried out in Ruhija, Nkuringo and Buhoma.
These villages are distributed in a range of different el-
evations (2350, 2161 and 1500 metres respectively), an
aspect that dictates upon the vegetation type present
and in turn their rodent species composition.

Using live trapping with Sharman and Tomahawk traps,
rodents were sampled across two categories of anthro-
pogenic disturbance in each village: i.e. locations where
the forest was contiguous with an agricultural land (Site
1) and close to human residential areas (Site 2). In each
village, a 200 m diameter trap web, with four transects,
each constituting 20 trap stations 10 m apart, was set
up in each site. At each trap station, a Sharman trap
was laid and then a Tomahawk trap placed after every
two stations; resulting into 80 Sharman and 40 Tom-
ahawk traps per trap web. Traps were placed both on
the ground and in the branches of trees, following the
methods used by Kityo '®, baited between 15:00 and
17:00 hours with a combination of sweet bananas,
maize flour and roasted ground nuts left to ferment.

Traps were inspected daily initially for nine days, both
early in the morning for nocturnal species and late in
the evening for diurnal species resulting into a trap
effort of 960 and 1920 trap nights per site and village
respectively.

Each rodent captured was removed from the trap and
measured (head-body, tail, ear and hind foot lengths).
These measurements plus the pelage were used to iden-
tify the rodents to species level using keys prepared by
Wilson and Reeder >. For each rodent, ectoparasites
were collected following the methods of launbauere
& Spungis, and Kia et al ' . Ectoparasites were pre-

African Health Sciences Vol 20 Issue 3, September, 2020



served in vials containing 0.5 ml of 95% ethanol and
stored at room temperature, as advised by USAID
PREDICT * for subsequent identification. About 200
mg of fresh faeces from each rodent were placed in
a 0.1 ml cryovial containing 10% formalin for further
processing to identify endoparasites. Faecal samples
were concentrated using the Formol-ether concentra-
tion technique, thereafter processed and microscopical-
ly examined using the protocols described by Dryden et
al* to diagnose Giardia, Entamoeba cysts, helminthes
eggs. Cryptosporidium oocysts were diagnosed using
Ziehl-Neelsen staining technique.

Parasite prevalence was quantified as the number of
individuals of a particular species infested or infected
with parasites divided by the total number of individu-
als of that species and expressed as a percentage. Using
the method of Marshall®, the specific indices (number
of ectoparasites of a particular species in a particular
host species multiplied by 100 and divided by the sum
of the number of ectoparasites of that species in all

host species) were computed to determine host prefer-
ence among the ectoparasites. Difference in the abun-
dance of rodents and ectoparasites within the different
study sites and villages was tested using Kruskal Wallis
tests. Permission to conduct this study was sought from
Uganda Wildlife Authority and Uganda National Coun-
cil of Science and Technology.

Results

A total of 288 rodents belonging to 24 species from
17 genera and 4 families were recorded from domestic,
peridomestic and sylvatic environments. Family Muri-
dae dominated with 21 species accounting for 87.5% of
all the species recorded while the other families, Cricet-
idae, Nesomyidae and Myoxidae had one species each.
The majority of the rodent species (41.7%) were cap-
tured from peridomestic environments while 20.8 and
4.2% from sylvatic and domestic respectively (Fig 2).
Approximately 16.7% were captured from all the three
environment categories.

A total of 240 ectoparasites were collected from 88 ro-

RODENT COLLECTION BITEE ALDME BVANDI NATIDNAL PARK

BOUNDARY

Tradmg Cenlers

= Eites
(7% Boundary
Rivers

N

A

Tem= 1,968 km

Figure 1: A map showing Bwindi Impenetrable National Park and the villages sampled.
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Figure 2: Proportions of each rodent species in domestic, peridomestic and sylvatic environments.

dents out of 249 resulting into an overall prevalence of  recorded among fleas (9 species) followed by mites (5

35.3%. The highest ectoparasite species diversity was species) and ticks (2 species) (Tables 1 & 2).

Table 1: Infestation of rodents with fleas in different study villages

Prevalence (%)

Ruhija Buhoma

NKkurin;

g0

Ctenophalides canis
Ctenofalides felis
Libyastus hopkinsi
Libyastus infestus
Nesopsyllus fasciatus
Stivalius torvus
Ctenophalides canis
Ctenofalides felis
Libyastus hopkinsi
Libyastus infestus
Nesopsyllus fasciatus
Stivalius torvus

Rodent
Species

Ctenophthalmus caphurus
Leptopsylla aethiopicus
Xenopsylla braziliensis

Ctenophthalmus caphurus
Leptopsylla aethiopicus

Xenopsylla braziliensis

Ctenophalides canis

Ctenofalides felis

Ctenophthalmus caphurus

Leptopsylla aethiopicus

Libyastus hopkinsi

Libyastus infestus

Nesopsyllus fasciatus

Stivalius torvus

Xenopsylla braziliensis

D.
incomtus 1
H
univittatus 1 1
H
volcanorum 1
L.
striatus 1 2.1
L.aquilus 1 1 1 1 22
L.
woosnami 1 1 1 2.2
L.
longopes
M. bufo 1
M. triton
P.
degraaffi 1
P.

Jjacksoni 1 1

R. rattus 1

2.2
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Table 2: Infestation of rodents with mites in the different study villages

Prevalence (%)
Ruhija Buhoma Nkuringo
) [ o
3 -
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SR |2 |® S I=S |5 | ® SIS |2 | B
S E |5 |8 =[S |IF | SHERERE
S B | | S [S | | S [8 | | %
S0 ) v = S0 © = 2 |= S0 2 S S
B Y S Y S % Y “ RV S 9 S, S 3, S
2 B 2 0!s |1 12 IS |8 [s |8 [® |2 3| S
SIS s [= |2 |z (= 3 |23 &3 |2
= IS = %e) = ~ Y ) e = ~ S N e
IS ) ~ S) Y S Q S = Q S Q ~ 2 Q,
. S R |E S |g |5 I 5 IS | |8 (R S S
Rodent species | 5 E < |3 S (5 [§ (R SR T IS B B S
QA Rk s |T |5 |8 Ix S IS IS IS 1SS M N
D. incomtus 1 1.9
G. dolichurus 1
H. univittatus 1 1 3.1
H. stella 2.2
H. vulcanorum 4.3 2.2
L. barbarus 1
L. striatus 2.1 1 1
L. aquilus 3.1 1 3.1 1
M. bufo 2.1 1
O. hypoxanthus 1
P. degraaffi 121 1
P. jacksoni 2.1 6.3 1] 22 8.7 221 1.9 6.5 1.9
R. rattus 2.2

The number of infested rodents was significantly differ-
ent among the study villages (Chi-square=19.595, df=2,
P<0.05). Rodents in Ruhija were most infested (49/96,
51%) followed by those in Buhoma and then Nkuringo
(15/46, 32.8 and 28/107, 26.2% tespectively). Praomys
Jjacksoni rodents were most infested with a prevalence of
84.6% followed by Lophuromys aquilus (55.2%). The ma-
jority of the ectoparasites were mites (n=203; 84.6%)
being dominated by Echinolaelaps echidninus (112, 55.2%),
followed by fleas (n=29; 12.1%) which were dominated
by Stivalins torvus. Ticks, which constituted 0.8%, had
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only two species Haemaphysalis leachi and Rhipicephalus
lunulatus on P. jacksoni and Lemniscomys barbarous respec-
tively. Ten ectoparasite-rodent associations were iden-
tified in which their specificity indices were above 50.
Ctenophalides canis, Haemaphysalis leachi, 1.eptopsylla aethio-
picus and Rhipicephalus lunulatus were found exclusively
on Lemniscomys striatus, Praomys jacksoni, Hybomys univi-
ttatus, Lophuromys woosnami and Lemniscomys barbarons
respectively (Table 3). The relationship between rodent
species abundance and ectoparasite abundance was not
significant (tho = 0.447, n = 16, P = 0.083) and the
coefficient of determination was 19%.
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Table 3: Specificity indices for ectoparasites.

Specificity indices
Fleas Mites Ticks
= ] S N 2]
Y g 2 u S S = 3
S 0% 8§ 5 8 03 3 z 4§ S ! I
8 § £ s 8 3 0§ 5 3 9 3 S 203 T &
3 T YO8 & T g s S 2 S P IS 23
3 RS v 0 ST L 3 4 3 9 S 3 2 S
< < S 3 3 N 2 & = g X g 8§
S 0§ Y § 3 § & £§4¢ § oz 3 ot § ¢fog
S 3 S = N S L s 3 N =
Rodent speci S 3 s & & £ 0§ 9§ F o3 % % ¥ 3§37
odent species S ¢ ¢ 5§ 5 8§ 2 &8 & &§ & F § B
D. incomtus 0 0 0 0 0 0 0 0 50 59 0 0 0 9.8 0 0
G. dolichurus 0 0 0 0 0 0 0 0 0 0 09 0 0 0 0 0
\H. univittatus 0 0 0 0 167 100 0 286 0 0 45 0 625 14.8 0 0
\H. stella 0 0 0 0 0 0 0 0 0 0 54 0 0 0 0 0
\H. vulcanorum 0 0 0 0 333 0 0 0 0 0 8 0 0 98 0 0
L. barbarus 0 0 0 0 0 0 0 0 0 0 0 0 0 4.9 0 100
\L. striatus 100 0 50 0 0 0 0 0 0 0 0 80 25 24.6 0 0
L. aquilus 0 333 25 0 167 0 50 143 0 0 63 20 125 197 0 0
L. woosnami 0 0 0 100 137 0 0 143 0 0 0 0 0 0 0 0
M. longipes 0 0 0 0 0 0 25 0 0 0 0 0 0 0 0 0
M. bufo 0 0 0 0 0 0 0 0 0 0 89 0 0 3.3 0 0
M. triton 0 0 25 0 0 0 0 0 0 0 0 0 0 0 0 0
O. hypoxanthus 0 0 0 0 0 0 0 0 0 0 0 0 0 33 0 0
\P. degraaffi 0 0 0 0 0 0 0 143 0 353 63 0 0 1.6 0 0
\P. jacksoni 0 667 0 0 167 0 25 143 0 588 544 0 0 82 100 0
R. rattus 0 0 0 0 0 0 0 143 25 0 45 0 0 0) 0 0

Out of 249 rodents examined, 92 individuals belong-
ing to 16 species were infected with endoparasites
with an overall prevalence of 36.9%. Rodents captured
from Nkuringo were most infected (57/107, 53.3%),
followed by those from Buhoma (16/46, 34.8%) and
Ruhija (19/96, 19.5%) (Table 4). The endoparasites
collected from rodents included 4 nematodes of Nip-
postrongylus, Ascaris, Strongyloides and Trichuris
species, 2 cestodes including Hymenolepis and Taenia
species and a protozoan of Cryptosporidium species.
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Majority of the rodent species (81.25%) were infected
with Nippostrongylus species. Among the 16 rodent
species examined for endoparasites, Lophuromys aquilus
and Praomys jacksoni were most infected with at least 5
and 4 genera of endoparasites respectively (Table 4).
Majority of the rodent species (12 species) harboured 1
or 2 endoparasite genera, 2 harboured 3, while at most
1 harboured 4 or 5. The prevalence of endoparasites
among rodents in the three villages was significantly dif-
terent (Chi-square = 30.305, df = 2, P<0.05).
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Table 4: Natural infection of rodents with endoparasites.

Ruhija Buhoma Nkuringo Total
Species of IN=96 IN=46 IN=107 IN=249
rodent [Endoparasite P (%) P (%) P (%) P (%)
L. woosnami Cryptosporidium sp. 1 9 .8
Strongyloide sp. D.1 0 0 0.8
L. aquilus Cryptosporidium sp. 5.2 D.2 5.6 K.8
INippostongylus sp 0 0 0.9 0.4
IHymenolepis sp. 1 4
Strongyloide sp. 1 0 4
Uscaris sp. 1 0 0.9 0.8
IP. jacksoni Crytosporidium sp. .1 1.3 3.7 3.2
INippostongylus sp 3.1 1.9 D
IHymenolepis sp. 1 4
Trichuris sp. 1.9 .8
M. longipes Cryptosporidium sp. 1.3 9 1.2
INippostongylus sp 0 13 0.9 .8
Trichuris sp. 0 D.2 0.9 0.8
M. bufo Cryptosporidium sp. 0 0 3.7 1.6
INippostongylus sp 1 0 .8 1.6
Hymenolepis sp. .9 4
L. striatus Cryptosporidum sp. 1.9 .8
INippostongylus sp. 1 B.7 D
C. gambianus Cryptospridium sp. D.2 9 .8
ippostongylus sp. 0 1.3 1.9 1.6
O. hypoxanthus Cryptosporidium sp. 9 4
INippostongylus sp. 0 0 1.9 0.8
D. incomtus Cryptosporidium sp. 9 4
INippostongylus sp. 0 0 3.7 1.6
G. dolichurus Cryptosporidium sp. 9 4
INippostongylus sp. 0 0 1.9 0.8
IM. triton Cryptosporidium sp. 9 4
INippostongylus sp. 0 0 0.9 0.4
4. niloticus Taenia sp. 0 .9 4
. stella INippostongylus sp. 0 0 0.9 0.4
1H. vulcanorum INippostongylus sp. .9 4
L. barbarus INippostongylus sp. D.8 1.2
R. rattus Cryptosporidium sp. D.2 9 .8
Total 19.5 34.7 52.7 36.8

N = Number of rodents examined for parasites; P (%) = Prevalence of infection

Discussion

All rodent species recorded in this study are wide spread
in East Africa and largely belonged to the family Muri-
dae. African rodents belonging to family Muridae are re-
ported to be concentrated in savannas and forests south
of the sub desert zone of Sahara® of which Bwindi is
not an exception. These results were similar to those
of other studies conducted in mountains of Elgon and
Kilimanjaro ***. Majority of the rodents were trapped
from peridomestic environments because of the copi-
ous food resources readily available in such environ-
ments. Comparable findings were also reported by Kia
et al and Jittapalapong et al in Ahvaz South West Iran
and Thailand respectively. This suggests a high chance
of parasite exchange among the rodents, human com-
munity and wildlife, since maximum interactions are
anticipated in the peridomestic zones, especially in the

African Health Sciences Vol 20 Issue 3, September, 2020

resource utilisation zones and agricultural areas around
Bwindi. In the resource utilisation zones and agricultur-
al areas, humans, wildlife and rodents share the same
space, the farmers working during the day and the ro-
dents looking for food from dusk to dawn. Therefore,
by spreading pathogens along their tracks, for instance
through urine, rodents caindirectly transmit many dis-
ease-causing agents to humans*.

The predominance of acarina ectoparasites on rodents
in this study rhymes with the findings* in Africa and *"
% outside Africa. However, there was no link between
elevation and ectoparasite abundance. This implied a
limited effect of elevation on rodent’s infestation with
parasites. However, rodent’s morphological, biological
and ecological factors have been suggested by Lareschi
to be associated with ectoparasite occurrence *.
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The hosting of high numbers and a wide range of ecto-
parasites by Praomys jacksoni and Lophuromys aquilus has
*and is explained by the
fact that the two rodents are capablef inhabiting a wide
range of highland habitats and are not ecologically and
geographically restricted . This must have predisposed
them to numerous ectoparasites in their natural habi-
tats.

also been observed elsewhere

The dominance of Echinolaelaps echidninus on Praomys
Jacksoni was also recorded by * since it’s a well known
wild rodent mite. This association presents a public
health threat to humans and the wildlife. As interactions
among humans, wildlife and the rodents increase, there
is a likelihood for zoonoses spread since this mite has
been reported to be a potential vector of Yersinia pes-
tis, Coxiella burneti, Orientia tsutsugamushi and Leptospira
interrogan™"7*. The occurrence of Laelaps nuttali mite in
large numbers but with low specificity for rodent hosts
was also reported by***. This implies that this mite is a
generalist species *® capable of parasitising a wide range
of rodent species, an aspect that favours its survival and
perpetuates its spread. Since E. echidninus and L. nut-
tali are usually found on the same domestic rats ?, these
mites were found Rattus rattus in this study. Comparable
findings were also reported by **.

The chicken mite, Darmanyssus gallinae documented in
this study is a socio-economically important ectopara-
site affecting poultry and many birds *. Although this
parasitic mite is most commonly found on the skin of
gallinaceous birds, the often close association between
rodents and birds must result into many rodents be-
coming infested **. Consequently also the often close
association between humans and rodents must result
into many humans becoming infested. Such interac-
tions among infested rodents, wildlife and humans pose
a potential health threat to the human and wildlife com-
munities in and around Bwindi; where numerous path-
ogens carried by D. gallinae may be shared.

Eulaelaps stabularia and Haemolaelaps glasgow: mites re-
corded on peridomestic rodent species in this study
are common associates of vertebrate nests *. Thoc-
currence of these mites on peridomestic rodents was
also reported by Durden and Page. These mite species
have been suspected to be vectors of many pathogens
that cause epidemic diseases, including: Endemic Hem-
orrhagic Fever (EHF), forest encephalitis, lymphocytic
chroriomeningitis, Query fever, North Asian tick borne
typhus and tularemia >,
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The incidence of Haemaphysalis leachi and Rhipicephalus
Ilunulatus ticks on specific rodent species was also docu-
mented by Oguge et al. and Changbunjong ****. These
species are well known one-host ticks, with all stages
that must be able to feed on the same species of host
3. H. leachi has been reported to be a prominent trans-
mitter of the protozoan Babesia canis, a causative agent
of babesiosis in dogs and the bacterium Rickettsia conorii
that causes typhus to humans .

All the flea species documented in this study posed a se-
rious public and veterinary health threat to human and
wildlife because majority of them have been reported
to be vectors of pathogens. This socio-economic im-
portance of fleas has also been reported by Oguge et al
and Amatre et al.**?". The incidence of Crenophthalmns
cabirus, Ctenophalides canis and Xenopsylla braziliensis fleas
on Lemmniscomys striatus and Rattus rattus rodents was not
surprising because the same species have been found
in peridomestic rodent species . Since these fleas have
been reported to be important enzootic vectors of
Yersinia pestis interactions between fleas infested rodents
and humans are likely to enhance the spread of Plague
within the communities around the national park®.
The occurrence of Nesopsyllus fasciatus on a cosmopoli-
tan rodent species Lophuromys aquilus presents a greater
health threat because it puts both humans and wildlife
at risk. N. fasciatus fleas have been reported to be vec-
tors of Salmonella bacteria that cause salmonellosis *.

The endoparasites prevalence in this study was lower
than that reported elsewhere in Africa®**" possibly be-
cause the studies were conducted in different agro-eco-
logical zones. Majority of the rodents were captured
from forested areas, where the main source of food
was pasture which might have been contaminated with
human, domestic and wild animal faeces .

The high endoparasites prevalence for Lophuromys aqui-
tus and Praomys jacksoni was not surprising because the
two rodent species were the most abundant and are
not ecologically and geographically restricted, as also
explained by *. This might have predisposed them to
numerous endoparasites in their habitats.

The endoparasite genera that were recorded in this
study are all known to occur in domestic, peridomestic
and sylvatic rodent species as also documented by Kata-
ranovski et al. The dominance of Nippostrongylus spp
on wild rodents was also reported by Waugh et al and
Coomansingh et al. The presence of Cryptosporidium
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spp on rodents suggests a great health threat to humans
and wildlife especially the critically endangered Moun-
tain Gorillas; since C. parvum has been already reported
to occur in gorillas of Bwindi by Nizeyi et al. Other
endoparasites of Ascaris spp, Strongyloides spp and
Trichuris spp that were collected from rodents in this
study have also been reported to occur among people
living around Bwindi and its wildlife ****". These find-
ings reveal that rodents in and around Bwindi are po-
tential reservoirs of many endoparasites some of which
may be causative agents of zoonoses.

Conclusion

Rodents captured along Bwindi boundary were found
to be parasitized by a wide range of ecto and endopar-
asites. Some of these endoparasites are known to cause
zoonoses while majority of the ectoparasites are vec-
tors of pathogens, some of which are potential causa-
tive agents of zoonoses. This implies that these rodents
can play an important role as potential reservoirs of
these endoparasites and hosts of the ectoparasites, an
aspect that possess a greahealth threat to the human
community around Bwindi and its wildlife. It is there-
fore imperative that high priority be given to research
and development of effective integrated rodent man-
agement programs against domestic, peridomestic and
sylvatic rodent species to reduce chances of parasite
transmission.
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