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ORIGINAL ARTICLE

Preliminary investigation on rodent—ectoparasite associations
in the highlands of Tigray, Northern Ethiopia: implications for
potential zoonoses
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Abstract

We studied associations between rodents and their arthropod ectoparasites in crop fields and household com-
pounds in the highlands of Tigray, Northern Ethiopia. Ectoparasite infestation indices, such as percent infesta-
tion, mean abundance, prevalence and host preferences, were calculated for each taxon. In total, 172 rodents
from crop fields and 97 from household compounds were trapped. Rodent species and numbers trapped from
the crop fields and household compounds were Mastomys awashensis (Lavrenchenko, Likhnova & Baskevich,
1998) (88 and 44), Arvicanthis dembeensis (Ruppel, 1842) (63 and 37) and Acomys sp. (21 and 16), respective-
ly. A total of 558 insects and acarids (belonging to 11 taxa) were recovered from the rodents trapped in the crop
fields, and 296 insects and acarid (belonging to 6 taxa) from the rodents trapped in the household compounds.
Approximately 66% of the rodents trapped from the crop fields and 47% of those trapped from the household
compounds were infested with ectoparasites. Laelaps sp. (64.9%) and Xenopsylla sp. (20.6%) comprised the
highest proportion of the ectoparasites recovered in the crop fields, and the same ectoparasites, but in reverse or-
der, comprised the highest proportions in the household compounds (Xenopsylla [50.3%] and Laelaps sp. [29%]).
Our study revealed that crop fields and household compounds in the highlands share similar rodents and several
ectoparasites. Furthermore, at least 1 of the rodent species and some of the ectoparasites identified in this study
were reported to have posed medical and veterinary threats in other parts of Ethiopia and neighboring countries.

Key words: ectoparasites, Northern Ethiopia, rodents, zoonoses.
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common reservoir hosts of zoonotic infectious agents
that live in close association to humans (Gratz 1974,
1999). They are known reservoirs of several patho-
gens of public health and veterinary importance, caus-
ing serious diseases with such notorious examples as
plague, Lassa fever, rickettsiosis, leptospirosis, toxo-
plasmosis, leishmaniasis and trichinosis (Mills & Childs
1998; Meerburg et al. 2009). Humans become infect-
ed through direct contact with the rodents or their ex-
cretions, through vectors like fleas or ticks, or through
consumption of other hosts that have been infected by
rodents (Wall 2007). The risk of transmission differs
considerably among habitats and depends on people’s
behavior and rate of contact. Although the most impor-
tant negative impact of rodent-borne zoonoses is the
loss of human health and lives, zoonotic diseases cer-
tainly contribute to poverty through lost days of pro-
ductivity and medical treatment expenses (Mills 1999;
Maudlin et al. 2009).

Arthropod ectoparasites are a diverse and high-
ly adapted group of animals that intermittently feed on
their hosts, usually vertebrates. Some ectoparasite spe-
cies are host-specific, whereas others are able to exploit
a wider spectrum of hosts.

In Ethiopia, 84 species of rodents have been record-
ed and approximately 12 are reported as agricultur-

Figure 1 Map of Ethiopia (not to scale)
showing the approximate positions of
Hagere Selam (&) and Astbi (*) towns
in the highlands of Tigray regional
state, approximately 55 and 64 km, re-
spectively, from Mekele, capital of the
regional state, Northern Ethiopia.
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al pests (Bekele et al. 2003). In the highlands of the Ti-
gray region, Northern Ethiopia, Mastomys awashensis
(Lavrenchenko, Likhnova & Baskevich, 1998) and Ar-
vicanthis dembeensis (Ruppel, 1842) are reported as the
most common rodent pest species in rainfed crop fields
(Nyssen et al. 2007). Farmers in the highlands have
identified rodents as the main pre-harvest and post-har-
vest crop pests, particularly in areas where habitat mod-
ifications have been made (Yonas ef al. 2010). Some ro-
dent species are found in human settlements or close to
them, where they seek food and shelter. Few isolated
reports are available regarding the role of rodents and
their arthropod ectoparasites in the transmission of zoo-
notic infectious agents in Ethiopia (Wisseman 1978; Ge-
breselassie et al. 1990; Raoult ef al. 2001). Taxonom-
ic knowledge of rodents and their ectoparasites is also
very much limited. Most of the available studies mainly
target the associations between ectoparasites and cattle
populations (Bekele 2002; Yacob et al. 2008; Mulugeta
et al. 2010).

In the present paper, we report the associations be-
tween rodents and their arthropod ectoparasites using
survey data independently collected from crop fields
and household compounds in the highlands of Tigray,
Northern Ethiopia.
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MATERIAL AND METHODS

The study area

The study was conducted in 3 hamlets, 2 of them
(Hechi and Adikolakule) near the town of Hagere Se-
lam (13°40'N, 39°10'E) and 1 (Golegole Naele) near
the town of Atsbi (13°52'N, 39°43'E), Tigray, Northern
Ethiopia (Fig. 1). These areas have previously been in-
cluded in lists of rodent-prone areas in Tigray ( Fredu et
al. 2006; Nyssen et al. 2007). The highlands of Tigray
have a tropical monsoon climate with wide topograph-
ically-induced variation in climatic factors (Nyssen et
al. 2005, 2008). The altitude of Hagere Selam is 2621 m
a.s.l. and that of Atsbi is 2630 m a.s.l. The average an-
nual temperatures are 15 and 18 °C, respectively. The
main rainy season in both areas runs from June to Sep-
tember. The average annual rainfall is 778 and 669 mm,
respectively. The land is typically used as rangelands,
with bushes and shrubs on the steep slopes and ridges
and crop fields on lesser slopes.

Crop fields

Farmers in the survey areas generally engage in
small-scale subsistence agriculture. Farming is main-
ly rain-dependent, with harvests in November and De-
cember. The crop fields are covered with stone bunds,
stone heaps and terraces, built against water erosion.
Individual crop fields are demarcated by stone or soil
bunds, or strips of grasses and bushes (hedgerows). The
crop fields consist of plots of several crops either inter-
cropped or grown side by side. The main crops grown
are barley (Hodeum vulgare L.), wheat (Triticum sp.),
tef (Eragrostis tef [Zucc.] Trotter) and pulses, such as
grass pea (Lathyrus sativus L.), horse bean (Vicia faba
L.) and lentil (Lens culinaris Medik).

Household compounds

Household compounds in the 3 hamlets are more or
less similar. They are typically interspaced at approx-
imately 50—100 m and are often surrounded by crop
fields and patches of shrubs and bushes. The compounds
generally consist of 1 to 3 houses (depending on income
and social status), a separately built kitchen, a toilet, an
animal house (only grass roof) for day use and a chick-
en house. Fodder is often stored on the roof of the ani-
mal house. The main house is where the family sleeps,
eats and stores personal belongings. The second house
is used to store grain (harvest) and animals. Grains are
stored in materials made from bamboo and dung or in
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hide and jute. The main houses are constructed from
mortared stone (locally called hidmo and most common
in the Atsbi area), or wood and mud walls, supported
by wooden beams. Depending upon the income of the
household, the roofs are covered with mortared stone
and mud, corrugated iron sheet or thatch. Floors are
painted with a mixture of clay and dung. Each house-
hold compound is fenced (approximately 2 m high),
with stone walls or half stone walls (below) and half
wood (above) fences. Most households manage a small
garden for vegetables, often within the compound.

Rodent collection

Rodents were live trapped using the Sherman LFA
live trap (7.5 x 9.0 x 23.0 cm, HB Sherman Trap, Talla-
hassee, USA) baited with peanut butter, from 6 random-
ly selected household compounds from each hamlet and
3 nearby rainfed crop fields (1 60 x 60 m square grid
from each hamlet). Each grid consists of 7 parallel lines,
10 m apart, with trapping stations also 10 m apart (i.e. a
total of 49 trapping stations per grid). The trapping sta-
tions were identified by coordinates labeled A to G, and
numbered 1 to 7. The trapping grids were rotated every
trapping session. In the present study, we placed 8 traps
in each household compound, 4 inside houses and gra-
naries (near beds, food and clothing cabinets, holes, and
hide or jute sacks) and 4 outside the houses (near walls
and fences within the compound). Trapping was repeat-
ed in the same household throughout the trapping period.
Trapping was conducted for 3 consecutive days, every
4 weeks, from April-September 2008 in the household
compounds and from September 2008—February 2009 in
the crop fields. Traps were checked every morning.

Collection and identification of ectoparasites

Rodents were anesthetized with ether in the tempo-
rary laboratory in the field and handled following the
ethical policies and guidelines approved by the com-
mittee for Animal Care and Use (Mekelle University).
Morphological measurements were recorded and fur
combed to release ectoparasites. The softer body parts
of the rodents, like belly, ear and tail regions, were fur-
ther examined. The ectoparasites were preserved in 70%
ethanol and transported to Mekelle University (Ethio-
pia), and later to the University of Antwerp (Belgium)
for morphological identification. The ectoparasites were
identified to genus and species levels according to Hae-
selbarth et al. (1966), Beaucournu et al. (1972), Beau-
cournu (2004) and Walker et al. (2003).

© 2011 ISZS, Blackwell Publishing and IOZ/CAS



HC
Max

Min

CF
Max

1
1

Min

. 2
Ectoparasite taxa recovered

21(48; 62)
12(32; 35)
1(6; 3)
34(74)

HC

Coinfestation'
CF

23(26; 48)
22(35; 46)
3(14; 6)
48(42)

7(16; 58)
5(14; 42)
12(26)

Single infestation
CF HC
18(29; 27)

6(29; 9)

66(38)
For the infested rodents.

42(48; 64)

2

28(64; 61)
17(46; 37)
1(6; 2)
46(47)

HC

Number of hosts infested

CF

40(64; 35)

65(74; 57)
9(43; 8)

114(66)

16(17)

37(38)
97

HC
44(45)

Number of hosts
examined

CF

21(12)

172
No. of rodents infested with two or more ectoparasite species.

63(37)

Table 1 Number and percent contribution (parentheses) of rodents trapped from rainfed crop fields (CF) and household compounds (HC) around Hagere Selam and Atsbi
83(51)

towns, highlands of Tigray, Northern Ethiopia. Single and coinfestations as well as minimum and maximum number of ectoparasites recovered from the host species are

also summarized. First figures in the parentheses indicate percentage contributions for the species and the second indicate percentage contributions overall

awashensis
Arvicanthis
Acomys sp.
Overall

1

Mastomys
dembeensis

Host

© 2011 ISZS, Blackwell Publishing and I0Z/CAS
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Data analysis

The following parameters were calculated for each
ectoparasite taxon: percent contribution of each ectopar-
asite taxon per host (percent infestation = total number
of individuals of a particular parasite taxon infesting a
particular host species/total number of all parasites recov-
ered from a host species), mean abundance (MA = total num-
ber of individuals of a particular parasite taxon infesting a
particular host species/total number of hosts of that spe-
cies, including both infected and non-infected hosts),
prevalence (P = [number of the host species infested
with 1 or more individuals of a particular parasite taxon/
the number of host examined for that parasite] x 100)
and host preference (HP = [number of parasites of a par-
ticular taxon on a particular host species/sum of number
of parasites of that taxon on all host species] x 100).

RESULTS

A total of 172 (from crop fields) and 97 (from house-
hold compounds) rodents belonging to 3 species, the
multimammate rat M. awashensis (88 and 44), the grass
rat A. dembeensis (63 and 37) and the spiny mouse Aco-
mys sp. (21 and 16), respectively, were trapped, and all
of them were examined for ectoparasites (Table 1). Ap-
proximately 66% of the rodents trapped from the crop
fields and 47% of the rodents trapped from the house-
hold compounds were infested with ectoparasites.

In the crop fields, coinfestation (up to 5 taxa) was ob-
served in 42% of the rodents, with the highest infection
in A. dembeensis (35%) and the least infection in Aco-
mys sp. (14%) (Table 1). In contrast, in the household
compounds, coinfestation (up to 4 taxa) was observed in
the majority (74%) of the rodents, with the highest in-
fection in M. awashensis (48%) and the least infection
in Acomys sp. (6%).

In total, 558 individual ectoparasites belonging to
the following 11 taxa (a mixture ticks, mite, louse, and
fleas) were recovered from the rodents trapped from
the crop fields: Laelaps sp. (64.9%), Xenopsylla sp.
(20.6), Ixodes sp. (3.9%), Amblyomma sp. (3.8%), Or-
nithodoros sp. (2.5%), Polyplax sp. (1.4%), Boophilus
sp. (1.3%), Ctenocephalides felis Bouche, 1835 (0.9%),
Dinopysyllus lypusus Jordan et Rothschild, 1913 (0.4%),
Leptopsylla aethiopica Rothschild, 1908 (0.2%) and Pu-
lex irritans L. ,1758 (0.2%) (Table 2).

On the rodents trapped from the household com-
pounds, a total of 296 individual ectoparasites (mite and
fleas) belonging to the following 6 taxa were recovered:
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Rodent—ectoparasite associations in Tigray

Xenopsylla sp. (50.3%), Laelaps sp. (29%), L. aethiopi-
ca (15.2%), D. lypusus (3%), C. felis (1.7%) and Noso-
psyllus sp. (0.7%) (Table 3). All the ticks, the mite, the
louse and 2 fleas could only be identified to the genus
level. We did not include the associations between par-
asite infection and host age and sex in the analysis as
there were very few young individuals and females cap-
tured. Moreover, we were not able to sex most of the ec-
toparasites because of the handling (preservation) mis-
takes we made during transport. We believe though, that
it would be indeed much appropriate to include such as-
sociations in future work.

In the crop fields, 9 of the 11 ectoparasite taxa were
recovered from A. dembeensis, 7 out of the 11 from M.
awashensis, and 6 out of the 11 from Acomys sp. (Table
2). Of the 11 ectoparasites, 4 (one tick, mite, louse and
flea each) were shared among the 3 rodent hosts. Bo-
ophilus sp. and D. lypusus were recovered from A. dem-
beensis only and L. aethiopica and P. irritans (1 each)
from Acomys sp. only. While Laelaps sp. showed the
highest host preference (HP) for M. awashensis (79.2),
all the ticks showed higher HP for A. dembeensis. Fur-
thermore, Laelaps sp. showed the highest percent infes-
tation and mean abundance (MA) on M. awashensis and
the least on Acomys sp. Although A. dembeensis record-
ed the highest percent infestation for 5 of the 11 ecto-
parasite taxa, M. awashensis had the highest overall per-
cent infestation (59.8%). Ectoparasite prevalence (P)
was less than 50% for almost all the parasites in each of
the host species (except the 64.7% P of Laelaps sp. on M.
awashensis).

In the household compounds, except for 1 flea (Nos-
opsyllus sp.), the 2 major hosts, M. awashensis and A.
dembeensis, were infested with similar ectoparasites
(Table 3). The Acomys sp. was infested only with Xeno-
psyllinae fleas. Overall, the Xenopsyllinae accounted for
the highest percent infestation in the household com-
pounds, followed by Laelaps sp. Ectoparasite P was less
than 50% for the majority of the parasites on all host
species (except 77.3 and 56.7% P of Xenopsylla sp. on M.
awashensis and A. dembeensis, respectively). The flea
Xenopsyllinae showed the highest percent infestation,
MA, P and HP for each of the host species in the house-
hold compounds.

DISCUSSION

We trapped similar rodent species from both the crop
fields and the household compounds surveyed. The 3 ro-
dent species captured in the current survey were previ-
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ously reported from rainfed crop fields in the highlands
of Tigray (Nyssen et al. 2007). However, this report on
rodent—ectoparasite associations from the highlands of
Tigray is the first of its kind.

The proportion of hosts examined for ectoparasites,
the proportion of hosts infested and the proportion of
hosts with single infestation were highest for M. awash-
ensis in the crop fields and least for Acomys sp. (Table
1). The highest proportion of coinfection occurred on
M. awashensis in the household compounds, and on A4.
dembeensis in the crop fields.

Laelaps sp. (64.9%) and Xenopsylla sp. (20.6%)
comprised the highest proportion of the ectoparasites re-
covered in the crop fields (Table 2). The same ectopar-
asites, but in reverse order, comprised the highest pro-
portion of the ectoparasites recovered in the household
compounds (Xenopsylla [50.3%] and Laelaps sp. [29%)])
(Table 3). Laelaps sp. consistently had the highest per-
cent infestation, MA and HP in M. awashensis in both
survey areas. The most commonly infesting flea of the 3
hosts, in both survey areas, was Xenopsylla sp.

Arvicanthis dembeensis was more infested with ticks
than the other 2 rodent hosts. Ticks were totally absent
from the hosts trapped in the household compounds.
Two Nosopsyllus sp. were recovered from 2 A. dembeen-
sis trapped from the household compounds. Acomys sp.
was more infested by fleas than other ectoparasites in
both survey areas. The occurrence of a particular ectopar-
asite species on host species might be related to several
factors, including the behavior and microhabitat choice
of the host species (Laudisoit et al. 2009). Furthermore,
A. dembeensis showed the highest percent infestation by
S of the 11 ectoparasites in the crop fields. The highest
overall percent infestation observed for M. awashensis
in the crop fields was the result of the large number of
Laelaps sp. recovered from this host. More L. aethiopi-
ca were recovered in the household compounds than the
crop fields.

The highest P of Xenopsylla sp. in almost all the hosts
in both survey areas (except Laelaps sp. once in the
crop fields) indicated that a large number of individuals
of the host species have been infested by the parasite, in
relation to the total number of individuals of that host
species examined (Tables 1 and 2). The higher HP val-
ues were indications that the ectoparasite has the highest
preference to the corresponding host species in the sur-
vey area. HP equal to 100 indicated that the ectoparasite
was collected only from that host. Therefore, little host
specificity was evident in the associations for the major-
ity of the ectoparasites.
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The role played by most of the ectoparasites identified
in this paper in the transmission of some zoonotic diseas-
es has already been established in many Sub-Saharan Afri-
can countries (e.g. Gratz 1999; Parola et al. 2005; Laud-
isoit et al. 2007). Some of them were also reported as
potential vectors of certain diseases of medical and vet-
erinary importance in different parts of Ethiopia. Wis-
seman (1978) reported infection with the spotted fever-
group of rickettsiae (tick typhus) in Ethiopian rodents
and their ectoparasites, including wild murines that en-
tered domiciles. He reported that the infection rate in
Arvicanthis trapped from fields and inside houses was
as high as 25 and 30%, respectively. The dominant tick
among cattle in eastern Ethiopia is Amblyomma sp., and
one of the problems associated with the tick was that it
acts as the agent of cowdriosis (Bekele 2002). The au-
thor also indicated that the patterns of infestation of the
tick were associated with local wildlife fauna, includ-
ing rodents, which might have played an important role
by maintaining a population of the ticks and, ultimately,
transferring them to cattle. Philip et al. (1966), Burgdor-
fer et al. (1973), Jensenius ef al. (2003) and Mura et al.
(2008) reported the detection of the spotted fever group
rickettsiae (Rickettsia africae) in Amblyomma ticks col-
lected from cattle in Ethiopia. Recently, infection with
R. africae was reported in a man in France who had re-
turned from visiting Ethiopia (Stephany et al. 2009).

There is no previous report whether the mite reported
in our study had zoonotic importance. Members of the
genus Laelaps are bloodsucking mites of small mam-
mals, particularly rodents. Laelaps are not host-specif-
ic, and occasionally (e.g. when their hosts die or aban-
don their nests) they parasitize a wide variety of hosts,
including humans (Lane & Crosskey 1993).

Few lice were recovered from the rodents trapped in
the crop fields. Not much is known about their role as
vectors of zoonotic pathogens in Ethiopia. Gebreselass-
ie et al. (1990) reported the presence of louse-borne ty-
phus in humans in Addis Ababa. Polyplax lice collected
from rodents in Addis Ababa have been found to be in-
fected with Rickettsia mooseri, the etiological agent of
murine typhus (Wissman 1978).

At least 4 of the fleas recorded in this survey (Xeno-
psylla sp., P. irritans, D. lypusus and C. felis) have been
reported to have relevance with respect to flea-borne
zoonoses, including plague, in neighboring Kenya, Tan-
zania and the Democratic Republic of Congo (Schwan
1986; Kilonzo et al. 1997; Laudisoit et al. 2007; Oguge
et al. 2009). Although there is no report of plague pres-
ence in Ethiopia, other flea-borne diseases have been re-
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ported from the central part of the country. Gebrese-
lassie et al. (1990) reported the presence of flea-borne
typhus in Addis Ababa, in a test conducted on humans.
According to Wisseman (1978), fleas collected from ro-
dents in central Ethiopia were positive for R. mooseri.
Raoult et al. (2001) also reported detection of R. fe-
lis from cat fleas (C. felis) in Ethiopia. It should be not-
ed that Ctenocephalides and Pulex fleas reported in this
study are not primarily parasites of these rodents, but
their presence indicates the possibility of contamination
between rodents and humans.

An increase in rodent sightings in the highlands of
Tigray has been reported in response to habitat manip-
ulation (Nyssen et al. 2007; Yonas et al. 2010). Chang-
es in environmental conditions and poor socioeconom-
ic conditions in rural Africa favor rodent infestation
and increased incidences of human-rodent contact (di-
rect and indirect), which has epidemiological impor-
tance (Patz et al. 2000; Masi et al. 2010; Omudu & Ati
2010). Our study revealed that crop fields and house-
hold compounds share similar rodent species and sever-
al ectoparasites in the highlands of Tigray. Furthermore,
at least 1 of the rodent species and most of the ectopar-
asites reported in this study have already been indicat-
ed as potential vectors of some diseases of medical and
veterinary importance in other parts of Ethiopia and
neighboring countries. We believe that the findings pro-
vide a springboard for further in-depth study into the
host—parasite associations and the need for screening of
some zoonotic pathogens from the hosts and the para-
sites.
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