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Abstract

Background: Ticks and tick-borne pathogens (TBPs) represent a significant economic burden to cattle farming

in sub-Saharan Africa including Nigeria. However, in the northern part of this country, where the largest livestock
population resides, little is known about the contemporary diversity of ticks and TBPs. This area is particularly vulner-
able to climate change, undergoing marked transformation of habitat and associated flora and fauna that is also likely
to include ticks. This study aimed to document the occurrence of tick species and Apicomplexan TBPs in cattle from
north-western Nigeria.

Methods: In 2017, ticks were collected from cattle in Zamfara and Sokoto States and identified morphologically.
Additionally, a subset of ticks was screened molecularly for the detection of apicomplexan DNA.

Results: A total of 494 adult ticks were collected from 80 cattle in Zamfara and 65 cattle in Sokoto State. Nine tick
species were encountered, among which the presence of one, Hyalomma turanicum, had not previously been
recorded in Nigeria. Hyalomma rufipes was the most prevalent tick infesting cattle in Zamfara State (76%), while Hya-
lomma dromedarii was the most prevalent in Sokoto State (44%), confirming the widespread transfer of this species
from camels onto livestock and its adaptation to cattle in the region. Of 159 ticks screened, 2 out of 54 (3.7%) from
Zamfara State and 29 out of 105 (27.6%) from Sokoto State harboured DNA of Theileria annulata, the agent of tropical
theileriosis.

Conclusions: This study confirms the presence of a broad diversity of tick species in cattle from north-western Nige-
ria, providing the first locality records for Zamfara State. The occurrence of H. turanicum indicates a distribution of this
tick beyond northern Africa. This study provides the first report for T annulata in Nigerian ticks. Given its enormous
burden on livestock farming in north Africa and across Asia, further investigations are needed to better understand its
epidemiology, vector transmission and potential clinical significance in cattle from northern Nigeria and neighbour-
ing Sahelian countries.
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effects of tick’s parasitism and blood feeding [2]. In cat-
tle, direct damage caused by ticks include anaemia, stress
(‘tick worry’), reduction of feeding and thus decrease of
weight gain and milk yields, susceptibility to secondary
infections, devaluation of hide quality, hypersensitivity
and toxicosis [1, 2]. Indirect adverse consequences of tick
infestation in cattle are linked to the conditions that are
caused by the plethora of tick-borne pathogens (TBPs),
including mostly protozoa and bacteria, but also hel-
minths, viruses and fungi, some of which are of zoonotic
importance [1-4]. The most important TBPs threaten-
ing cattle health and productivity in SSA are the causa-
tive agents of theileriosis (i.e. the ‘East Coast fever’ agent
Theileria parva; Theileria annulata; Theileria mutans
and Theileria velifera), babesiosis (i.e. Babesia bigemina
and Babesia bovis), anaplasmosis (i.e. Anaplasma mar-
ginale, Anaplasma centrale and Anaplasma bovis) and
ehrlichiosis (i.e. the ‘heartwater’ agent Ehrlichia rumi-
nantium) [1].

Despite the enormous burden of ticks and TBPs on
livestock farming, for many parts of SSA, even funda-
mental epidemiological information is lacking. Nigeria is
a case in point; despite one of the largest cattle popula-
tions in the continent (of approximately 20 million heads)
[5], contributing one third of national agricultural GDP
and providing 36.5% of the total protein intake of Nige-
rians [6], substantial gaps affect the current understand-
ing of the epidemiology of ticks and TBPs in the country
[7], with knowledge of cattle-associated tick diversity
and distribution being rather patchy [8—12] when not
outdated [13-16]. Additionally, although approximately
90% of the country’s cattle population is concentrated in
the northern region [6, 17], most historical surveys were
carried out in southern States [13, 15]. So far, published
investigations on cattle ticks from northern Nigeria have
focused on limited areas of eastern (e.g. Maiduguri and
Yobe State) [10, 11], or western States (e.g. Sokoto and
Kebbi States) [18-21], limiting in some instances the
identification of ticks to the genus level [10, 11, 19]. Simi-
larly, the majority of studies on TBPs in Nigeria, detecting
the presence of apicomplexan parasites belonging to the
genera Theileria and Babesia and members of the bac-
terial genera Anaplasma, Ehrlichia, Rickettsia and Cox-
iella, have mostly relied on cytological (i.e. microscopical
examination of blood smears and biopsies) [22-27] and
serological approaches (e.g. ELISA and immunofluo-
rescence assays) [25, 28-31] and only in a few, recent
instances on the molecular screening of bovine blood
[32-34] and ticks [35, 36].

The epidemiological importance of surveying ticks and
TBPs in cattle from northern Nigeria is enhanced by the
frequent movement and introduction in this region of
livestock hailing from neighbouring countries like Niger,
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Chad and Cameroon, brought to Nigeria to be sold in
more profitable local markets [37]. Furthermore, the
heavy reliance on climate-sensitive economic activities,
such as agriculture and livestock keeping, makes north-
ern Nigeria particularly vulnerable to climate change
[38]. Spanning the Sudano-Sahelian ecological zone [39,
40], this region is currently experiencing a combination
of rising heat and declining rainfall that together are
accelerating desert encroachment and marked habitat
change [38, 41, 42]. Besides affecting cattle health directly
through their effects on water and pasture availability,
these alterations may also lead to indirect negative conse-
quences, linked to the likely changes that they will cause
on tick populations’ diversity and ecology [43]. Habi-
tat changes may indeed compromise the fitness of some
endemic tick species and create new niches exploitable
by exotic species, originating from Sahelian and north
African countries, adapted to hot and dry environments.
The arrival of such species may well be accompanied by
the TBPs they vector.

The present study aimed therefore to determine the
contemporary diversity of cattle-associated ticks and
apicomplexan TBPs in a region of north-western Nigeria
heavily reliant on cattle keeping and significantly affected
by climate change [42, 44, 45], with the objective of
assessing the extent of change that may be be attributed
to the latter’s impact.

Methods

Study area

Field activities were carried out between March and May
2017, in two north-western States of Nigeria, namely
Zamfara and Sokoto, where a convenience sample of
cattle were inspected and surveyed for tick infestations.
In Zamfara, ticks were collected from cattle in the vil-
lages of Anka, Kwaye, Kwakwalwa, Gema and Abara, all
of which lie within the Anka Local Government Area
(LGA) (11°59'N and 6°02’E). In Sokoto, ticks were col-
lected from cattle in cattle markets from three LGAs,
namely Sokoto North, Wurno and Illela (13°03’'N and
5°14'E) (Fig. 1; Table 1). Both Sokoto and Zamfara are
among the poorest States of the Federal Republic of
Nigeria [46]. Their economy is almost entirely reliant on
agriculture. Livestock including cattle, sheep and goats
are reared, and some crops are grown. Donkeys and
camels are commonly used as draft animals [44, 47]. The
region lies on the boundary of the Sudan savanna and
Sahel climatic zones [40]. The meteorology is seasonal,
with a 3-4 month wet season occurring between June
and September, during which time about 500 mm of rain
falls. The remainder of the year is very dry. Average daily
temperatures range between about 18 °C and 38 °C. The
vegetation is characterised by open savanna grasslands
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Fig. 1 Cattle sampled at one of the market sites (i.e. lllela) in Sokoto
State

or open savanna woodland, with fine- and broad-leaved
trees and shrubs, which are deciduous for several weeks
[48].

Tick collection and identification

Each animal sampled was restrained by its owner/herder
and its hide examined carefully, focusing in particular on
established predilection sites for tick attachment (i.e. ear,
dewlap, abdomen, hooves, inguen, perineum, peri-anal
region and tail) [8, 49]. From these anatomical regions,
all visible adult ticks were collected using steel forceps to
remove each specimen in its entirety. Immediately after
collection, all ticks removed from the same individual
cattle were placed in a 5-ml plastic tube containing 70%
ethanol, before being transported to the University of
Salford for further analysis. Once in the laboratory, all
collected ticks were identified to the species level on the
basis of observed anatomical features, using the taxo-
nomical keys by Walker et al. [50].
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Detection and identification of Apicomplexa using
molecular methods

A subset of collected ticks (=159, 32.2% of total
ticks) were screened for apicomplexan pathogens
using molecular methods. These ticks were chosen
to embrace all species encountered and the different
locations in which each tick species was encountered
(Table 3).

Crude DNA extracts, prepared from individual ticks
as previously described [51], were incorporated into a
previously described PCR targeting an 18S rDNA frag-
ment specific to apicomplexan taxon [52]. PCRs were
prepared in a dedicated DNA-free laboratory. “Blanks”
(PCRs containing water instead of DNA extracts) were
co-processed with all samples at a ratio of 5 samples:1
blank, to test for cross-contamination. Reagent controls
(a DNA-free negative and a Babesia microti positive)
were also included in each set of PCRs prepared.

The success of the PCR was assessed by UV visualisa-
tion of GelRed-stained amplification products (of about
680 base pairs) following their electrophoretic resolu-
tion on a 1% (w/v) agarose gel. Amplification products
were purified using an Isolate II PCR and gel kit accord-
ing to the manufacturer’s instructions (Invitrogen,
Carslbad, CA, USA). Sanger sequencing of both strands
of each PCR product was carried out commercially.
Chromatograms obtained were visualised using Chro-
mas Pro software (Technelysium, Brisbane, Australia).
Data from complementary strands of each amplicon
were aligned with one another, and regions of ambigu-
ity together with primer sequences at the extremities
were removed. The identity of the organism from which
a sequence obtained was determined by comparison
with data held on GenBank using Basic Local Align-
ment Search Tool (BLAST).

Table 1 Number of animals surveyed, number of ticks collected and mean tick loads

State Local government  Village No. of cattle Ticks collected Mean tick count/animal = SE
area (LGA) sampled
Males Females Total Village level State level
Zamfara Anka Anka 16 36 6 42 2624167 304228°
Kwaye 14 22 14 36 2.57+£231
Kwakwalwa 11 28 15 43 394187
Gema 15 32 14 46 3.06+2.12
Abara 24 56 17 73 3.04+2.88
Sub-total 80 174 66 240
Sokoto Sokoto North Kara 13 18 36 54 4.15+£4.20 391+3.15°
Wurno Achida 20 40 54 94 4.70+3.87
lllela llela 32 29 77 106 331+£191
Sub-total 65 87 167 254
Total 145 261 233 494

No statistically significant difference between mean tick burdens (P = 0.8)
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Statistical analysis

Data were entered in Microsoft Excel, through which
mean tick infestations and standard errors were calcu-
lated at the study village, LGA and State (i.e. Zamfara
and Sokoto State) level (see Table 1). For the two States,
mean prevalence, including 95% confidence intervals
(CI), of tick species retrieved were calculated employing
the WinPepi software (version 11.6). Using the same soft-
ware, cumulative tick counts recorded for each State were
compared statistically by chi-squared test. In addition,
infection rates were compared according to the tick spe-
cies and State of provenance (for both ticks and cattle),
using the two-tailed Fisher’s exact test. P values<0.05
were considered statistically significant.

Results

Tick identification and infestation burden

In total, 494 adult ticks were collected from 145 cattle: of
these, 254 were off 65 cattle in Sokoto and 240 off 80 cat-
tle in Zamfara (Table 1). The mean infestation rate was
3.0 in Zamfara and 3.9 in Sokoto, with no statistically
significant difference being recorded (P=0.8) (Table 1).
A total of nine tick species were encountered; these
included seven Hyalomma species (i.e. Hyalomma drom-
edarii, Hyalomma impeltatum, Hyalomma impressum,
Hyalomma marginatum, Hyalomma rufipes, Hyalomma
truncatum and Hyalomma turanicum), Amblyomma
variegatum and Rhipicephalus (Boophilus) decoloratus
(Fig. 2, Table 2). All nine species were present in Zam-
fara, and these included H. turanicum (Fig. 2VII, a-b),
recorded for the first time in Nigeria. Only five species
were present in Sokoto, namely (from the most to the
least prevalent) H. dromedarii, H. impeltatum, H. trun-
catum, H. impressum and H. rufipes (Table 2). However,
these corresponded to five of the six most abundant spe-
cies collected in Zamfara, with only those species for
which a single specimen was found (i.e. H. marginatum,
H. turanicum and Rh. (Bo.) decoloratus) and A. variega-
tum being absent (Table 2). There was a marked differ-
ence between the relative abundance of tick species in
each State. In Zamfara, H. rufipes dominated (76.2%),
with no other species accounting for > 8% of samples.
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Conversely, in Sokoto, H. dromedarii was the most
abundant (43.7%) and, together with H. impeltatum,
accounted for 80% of the ticks collected (Table 2). Hya-
lomma rufipes was present in Sokoto, but at a relative
prevalence of only 3.1%, whereas H. dromedarii was pre-
sent in Zamfara, but only at a relative prevalence of 2.5%
(Table 2). Overall, 261 male ticks and 233 female ticks
were collected. The ratio of male to female ticks was very
different in the two States, being 2.6:1 in Zamfara and
1:1.9 on Sokoto (Table 2).

Tick-borne pathogens
Out of the total of 159 ticks screened molecularly, 31
ticks (19.5%) were found positive for apicomplexan DNA,
with all bar two being ticks from Sokoto (Table 3). Sig-
nificantly more ticks from Sokoto (29/105 tested, 27.6%)
yielded a PCR product than ticks from Zamfara (2/54,
3.7%) (P<0.001) and significantly more cattle from
Sokoto (18/35 tested, 51.4%) bore infected ticks than cat-
tle from Zamfara (2/35 tested, 5.7%) (P<0.001).
Unambiguous sequence data were obtained from 23
of the amplicons, including those obtained from the two
positive ticks from Zamfara. BLAST analysis of these
sequences (609 base pairs) revealed all to be indistin-
guishable from one another and to share 100% similarity
with partial 18S rDNA sequences of many strains of Thei-
leria annulata (e.g. GenBank MN944852). The 18S rDNA
sequence obtained shared < 99.4% similarity with those
from other Theileria species (most similar was 4 SNPs
compared to Theileria lestoquardi 18S rDNA, GenBank
AF081135). A selected sequence amongst those obtained
was deposited in GenBank on 30 October 2020 (Gen-
Bank MW191850). Tick species containing T. annulata
DNA included mainly H. dromedarii and H. impeltatum,
but also H. truncatum, H. impressum and H. rufipes (i.e.
all species encountered in Sokoto) (Table 3). The preva-
lence of infection in each tick species present in Sokoto
did not vary significantly (P=0.6), ranging from 14.3%
in H. impressum to 50% in H. truncatum (Table 3). The
large majority (n=27/31; 87.1%) of PCR-positive ticks
were females, assessed as being either partially (#=16) or
very engorged (m=11) (data not shown). However, four

(See figure on next page.)
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Fig. 2 Tick species encountered in this survey. From top to bottom: Hyalomma dromedarii (1): adult male, dorsal and ventral view (I, a-b), and adult
female, dorsal and ventral view (1, c—d); Hyalomma rufipes (Il): adult male, dorsal and ventral view (11, a-b), and adult female, dorsal and ventral view
(I, c=d); Hyalomma impeltatum (Ill): adult male, dorsal and ventral view (lll, a-b), and adult female, dorsal and ventral view (lll, c¢-d); Hyalomma
truncatum (IV): adult male, dorsal and ventral view (IV, a-b) and adult female, dorsal and ventral view (IV, c-d); Hyalomma impressum (V): adult
male, dorsal and ventral view (V, a-b) and adult female, dorsal and ventral view (V, c-d); Hyalomma marginatum (VI): adult male, dorsal and ventral
view (VI, a-b); Hyalomma turanicum (VI): adult female, dorsal and ventral view (VIl, a-b); Amblyomma variegatum (VII): adult male, dorsal and
ventral view (VII, a-b); Rhipicephalus (Boophilus) decoloratus (IX): adult female, dorsal and ventral view (IX, a—=b) and details of the ventral view of
the mouthparts (IX, €) showcasing 3+ 3 rows of hypostomal teeth and the protuberance with pectinate setae on the internal margin of palp article
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Table 2 Cumulative counts, prevalence, number of males and females, and male:female ratio of ticks identified

State Tick species Total Mean Prevalence % (95% Males Females Male: female ratio
confidence interval)

Zamfara Hyalomma rufipes 183 .2 (70.3-81.5) 135 48 28:1
Hyalomma truncatum 18 5(4.5-116) 16 2 81
Hyalomma impeltatum 14 8 (3.2-9. 6) 6 8 1:1.3
Hyalomma impressum 9 7 (1.7-7.0) 8 1 8:1
Amblyomma variegatum 7 9(1.2-5.9) 7 0 7:0
Hyalomma dromedarii 6 5(0.9-5.3) 1 5 1:5
Hyalomma marginatum 1 4(0.0-2.3) 1 0 1:0
Hyalomma turanicum 1 4(0.0-2.3) 0 1 0:1
Rhipicephalus (Boophilus) decoloratus 1 4(0.0-2.3) 0 1 0:1

Total 240 174 66 26:1

Sokoto Hyalomma dromedarii 111 43.7 (37.5-50.0) 47 64 1:14
Hyalomma impeltatum 93 36.6 (30.7-42.9) 29 64 1:22
Hyalomma truncatum 27 (7.1-15.1) 7 20 1:29
Hyalomma impressum 15 9(3.3-9.5) 15 0:15
Hyalomma rufipes 8 1(14-6.1) 4 4 1:1

Total 254 87 167 1:19

Table 3 Ticks screened and tested positive for the detection of apicomplexan (i.e. Theileria annulata) DNA

Tick species Zamfara Sokoto
Proportion of screened ticks/ Proportion of positive ticks Proportion of screened ticks/  Proportion of positive ticks for
total (percentage) for Theileria annulata total (percentage) Theileria annulate (prevalence)

(Prevalence)

H. rufipes 32/183 (17%) 1/32 (3.1%) 5/8 (62.5%) 2/5 (40%)

H. truncatum 7/18 (38 .9%) 0/7 (0%) 6/27 (22.2%) 3/6 (50%)

H. impeltatum 5/14 (35.7%) 0/5 (0%) 38/93 (40.9%) 11/38 (28.9%)

H.impressum 2/9 (22.2%) 0/2 (0%) 7/15 (46.7%) 1/7 (14.3%)

A. variegatum 3/7 (42.9%) 0/3 (0%) 0 -

H. dromedarii 2/6(33.3%) 1/2 (50%) 49/111 (44.14%) 12/49 (24.5%)

H. marginatum /1 (100%) 0/1 (0%) 0 -

H. turanicum /1 (100%) 0/1 (0%) 0 -

Rh. (Bo.) decoloratus 1/1 (100%) 0/1 (0%) 0 -

Total 54/240 (22.5%) 2/54 (3.7%)° 105/254 (41.3%) 29/105 (27.6%)*

2 Statistically significant difference (P<0.001) between infection rates

PCR-positive ticks were male, one of which (i.e. H. drom-
edarii) appeared to be unfed.

Discussion

The rich diversity of tick species parasitising cattle
encountered in this survey is generally in keeping with
contemporary reports in Nigeria [8, 9]. As expected
for sites in the Sahel, and as previously reported for
Sokoto, Hyalomma species dominated [18, 20, 50, 53—
56]. However, the presence of such a high prevalence
of H. dromedarii is remarkable (Fig. 2I, a—d). This tick
has a wide range in northern Africa and beyond and is

the predominant species parasitizing camels across this
range [19]. Numerous previous reports demonstrate its
ability to infest other hosts including cattle, but not with
the relative success we observed [53, 57]. In Sokoto, H.
dromedarii accounted for almost half the total number of
collected ticks, suggesting frequent transfer of ticks from
camels to cattle and/or that H. dromedarii has adapted
itself to parasitise cattle here to a degree not reported
elsewhere in its range [58]. That the dominance of H.
dromedarii on cattle in Sokoto was not also observed in
Zamfara suggests that the ecological niche it currently
occupies in Sokoto does not extend southward within
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the Sudan savanna of Nigeria [58]. In Zamfara, H. rufipes
was by far the most abundant tick encountered (Table 2;
Fig. 2II, a—d). This species is the most widespread mem-
ber of the genus present in Africa and its major contri-
bution to cattle-associated tick fauna has been reported
at several sites across this range [54, 59, 60], including in
northern Nigeria [8, 9, 18, 20].

Perhaps the most noteworthy encounter among cattle-
associated ticks in Zamfara was H. turanicum (Fig. 2VII,
a-b). This species has, to our knowledge, not been
reported in Nigeria or elsewhere in West Africa previ-
ously. It is thought to be endemic in the north-east of the
continent and is established in arid, hot parts of south-
ern Africa after accidental introduction [50]. This tick is
not known to transmit pathogens to livestock, although
it is considered a vector of the Crimean-Congo haemor-
rhagic fever virus to humans [50]. Hyalomma turanicum
has a two-host life cycle, with adults typically parasitis-
ing wild and domesticated large ruminants and larvae
and nymphs feeding on smaller mammals and ground-
frequenting birds [50]. The tick has also been reported
in Europe, associated with migratory birds using the
western European-African flyway [61]. As this flyway
embraces Nigeria and large parts of Africa north of the
Sahara, it is reasonable to propose that the H. turanicum
observed in Zamfara was introduced as a feeding nymph
by a migratory bird. As yet it is too early to conjecture
whether H. turanicum is established in northern Nigeria;
further surveys of cattle and likely hosts of immature life-
stages would help clarify this uncertainty.

Undoubtedly, the most unexpected finding of this study
is the presence of T. annulata in north-western Nige-
ria. We are unaware of any previous reports of tropical
theileriosis in Nigeria, or of any reports of T. annulata
detection in ticks in the country. Tropical theileriosis
is recognised as one of the most economically impor-
tant diseases of livestock across north Africa and much
of Asia [32], and its presence in Nigeria, where live-
stock productivity is already severely comprised by
endemic parasites and pathogens [33], is an additional
concern. Our detection of T. annulata DNA in ticks col-
lected off 18 (of 35 tested) cattle in three different mar-
kets in Sokoto as well as off two (of seven tested) cattle
in one village in Zamfara suggests it may be established
in north-western Nigeria. That Sokoto is a likely port of
introduction, be it recent or not, is not unexpected as it
is a major centre for livestock (including camel) trade in
the region, attracting farmers and pastoralists not just
from north-western Nigeria, but also from neighbouring
Niger and further afield in the Sahel and Saharan regions
[26, 62]. The importance of trans-border trade as routes
of entry of exotic ticks and TBPs into Nigeria has been
established in the south-west of the country [63]. Further

Page 7 of 9

characterisation of the T. annulata populations detected
in Sokoto using, for example, previously described poly-
morphic markers [64] and comparison of these data with
those obtained elsewhere in the parasite’s range may help
pinpoint their provenance.

Of the four Hyalomma species implicated in the trans-
mission of T. annulata in Africa [65], only H. dromedarii
was encountered on cattle in this study. Although our
study detected T. annulata DNA in several Hyalomma
species, all but one specimen were partially fed or near
replete; thus, results cannot be interpreted as an indica-
tion of vector competence. The only unfed tick speci-
men that was found positive in this survey was a male H.
dromedarii, further implicating this species in the trans-
mission of T. annulata in the region. That this tick spe-
cies, which is adapted to hot and dry habitats, is likely
to thrive in north-western Nigeria as climate change
provokes greater environmental aridity [65] has clear
implications for the future epidemiology of T. annulata
infections in the region.

Conclusions

This study confirmed the presence of numerous tick
species associated with cattle in north-western Nige-
ria. Noteworthy is the preponderance of H. dromedarii
in cattle from Sokoto, highlighting the suitability of this
tick species for the arid environments of the Sahelian belt
[50]. The occurrence of H. turanicum, recorded for the
first time in Nigeria, indicates a distribution of this tick
beyond northern Africa. Perhaps of most importance, we
present clear evidence for the presence of 1. annulata,
the agent of tropical theileriosis, in north-western Nige-
ria and demonstrate its carriage by a range of primar-
ily fed ticks collected off cattle. These observations pave
the way for further epidemiological studies to clarify the
transmission of 1. annulata infections in the region and
demand veterinary investigation of their impact on live-
stock well-being and productivity.
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