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Abstract

Ticks and tick-borne diseases undermine cattle fithess and productivity in the whole of sub-Saharan Africa. In
Cameroon, cattle are challenged by numerous tick species, especially during the dry season. Consequently, several
TBDs are known to be endemic in cattle, including anaplasmosis, babesiosis, cowdriosis and theileriosis. To date,
the few studies carried out on tick-borne haemoparasites have been done in the northern part of the country to the
detriment of the western highlands even though it represents the third cattle breeding area in Cameroon. This study
aimed to ascertain the occurrence of tick-borne haemoparasites of veterinary importance in cattle found in Menoua
Division, West Region of Cameroon.

Between November 2017 and October 2018, 458 blood samples were collected from cattle in Menoua Division.
The hematocrit centrifugation method was used to determine the Packed Cell Volume of the animals sampled.
In addition, blood smears were made, stained with Giemsa and examined for haemoparasites, using standard
parasitological techniques.

In total, 372 of the 458 (82.2%) animals were found infected, with 301 (84.43%) of them being infected by two
or more microorganisms, with up to 21 possible combinations of pathogens detected. Anaplasma marginale was the
most prevalent microorganism (31.66%), followed by Theileria spp (28.6%), Babesia bovis (20.52%), Anapalsma
centrale (9.83%) and Babesia bigemina (9.39%). The prevalence of infections was higher in juvenile cattle compared
to adults and calves (OR=2.11). Cattle of the exotic breed were more infected than cattle of local breeds (OR=5.39).
In addition, the prevalence of infection was higher during the months of March and February (88.16 and 84.21%
respectively). The mean parasite density of the infected animals were higher in Dschang and Fongo-Tongo and was
3 times higher in exotic cattle breed than in local breeds (p<0.05). The overall rate of anemia was 13.8% (63/458)
and animals from Nkong-Ni (23.58%) and Fokoue (20.97%) were the most threatened. In addition, all the Simmental
animals sampled were anemic. The frequency of anemia increased significantly (OR=11) between the months of
November to March, as well as during the dry season compared to the rainy season (p<0.05). The result of this study
shows that a variety of haemoparasites species are found to infect cattle in Menoua Division. The high prevalence
of infection recorded suggests that tick-borne pathogens may be endemic in the study area and calls for a radical
approach in terms of routine prophylactic treatments of animals and regular vector control.

jaundice, anorexia, emaciation, reduced productivity, infertility and
even death [11,12]. The direct losses caused by haemoparasitism are
attributed to acute illness and death, premature slaughter and rejection
of some body parts at meat inspection. Indirect losses include the
reduction of productive potential such as reduced birthrate, decreased
milk yield, decreased growth rate, weight loss in young growing animal,
late maturity of slaughter stock and decreased work efficiency of draft
animals [11,13].
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Introduction

Livestock production system has been considered an important
activity towards sustaining human development through the provision
of food, employment and maintaining national economy in sub-
Saharan African countries [1]. In Cameroon, cattle are regarded as the
main source of animal protein in most households. Their population has
recently been estimated to about 6.5 million heads [2]. They contribute
significantly to milk, hoof, bones, blood, hides, skin production and to

The Western highlands of Cameroon represents the third cattle

the socio-cultural values which account for about 54% of the capital
values of the cameroonian livestock industry [3,4].

However, one of the most important constraint of small and large
scale cattle production is the high prevalence of infectious diseases
[5-7], which has been reported causing high morbidities, mortalities
and preventing the animals to express their full genetic potential [8].
Amongst these haemoparasitic infections, tick-borne haemoparasites
threaten livestock health, welfare and productivity in the main cattle
production zone of Cameroon [9,10]. These pathogens have commonly
been shown to cause destruction of red blood cells resulting in anaemia,
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breeding area in the country with a herd estimated at 1,989,200
heads [14]. Here, the majority of cattle, being mostly of indigenous
species (Bos indicus), are kept according to the traditional pastoral
management of the Fulani herdsmen. Reared under year-round
extensive grazing, cattle are challenged by numerous tick species,
especially during the wet season when the tick burdens reach the
highest abundance. It has been shown by Lontsi-Demano et al. [15]
that the Ixodidian fauna parasite of cattle in this area consists of 14
species namely Amblyomma variegatum, Rhipicephalus decoloratus,
R. microplus, R. annulatus, R. geigyi, Hyalomma rufipes, H. truncatum,
H. excavatum, R. mushamae, R. guilhoni, R. lunutatus, R. sanguineus,
Ixodes pilosus and Haemaphysalis leachi which transmit pathogens of
veterinary and zoonotic importance (i.e. Anaplasma spp, Ehrlichia spp,
Rickettsia spp, Babesia spp and Theileria spp) [9].

Several TBDs are known to be endemic in Cameroonian cattle,
including anaplasmosis (by Anaplasma marginale), babesiosis
(by Babesia bigemina and Babesia bovis), cowdriosis (by Ehrlichia
ruminantium) and theilerioris (by Theileria mutans and Theileria
velifera) [16-18]. The prevalence and incidence of these diseases
would have increased with the recent introduction of the invasive
and multiresistant tick species of livestock in the meridional part of
Cameroon due to cross-border transhumance [19-21]. In the cattle
population, these diseases are usually associated with subclinical or
chronic conditions which are difficult to diagnose promptly in the field.
However, several concomitant factors such as malnutrition, pregnancy
and lactation, further concurrent infection (e.g. trypanosomiasis,
haemonchosis, etc.) and/or the particularly high tick burdens of the
wet season, can favour the onset of clinically apparent acute TBDs [22-
24]. Importantly, cattle can be infected by several of these pathogens
simultaneously, complicating the clinical presentation and the diagnosis
of TBDs [25-27]. Moreover, TBDs display with high morbidity and
mortality in exotic cattle (i.e. Bos taurus) when introduced in the area
for crossbreeding purposes, thus representing a major limitation to the
improvement of cattle production in the country [28,29].

Ticks and tick-borne diseases affect nearly 80% of the world’s cattle
population [30]. According to Lew-Tabor and Valle [31], the global

estimate of economic losses from ticks and Tick-Borne Diseases (TBDs)
is approximately US$ 20-30 billion per annum. In a study conducted
in 1982 at the Wakwa research station situated in the principal cattle
rearing region of Cameroon (Adamawa region), approximately 63%
of animal mortality was attributed to TBDs [32]. This situation has
seriously limited attempts to rear high performing exotic dairy cattle
breeds which are highly susceptible to tick-borne diseases such as
babesiosis, ehrlichiosis and dermatophilosis [33].

Proper understanding of the epidemiology of TBDs causing
agents is a prerequisite for the rational design of effective preventive
and control program against these diseases. Few studies with respect
to epidemiology of haemoparasites and their effects on ruminants in
Cameroon have been done only in the northen part of the country.
However, There have been paucity of information on the prevalence
of tick-borne haemoparasites in the western highlands of Cameroon
meanwhile, the tick species vectors of these diseases have experienced
changes in their abundance and spatial/temporal distribution with
the introduction of Rhipicephalus microplus which is an invasive,
multiresistant and more competent in pathogens transmission than
native species. Therefore, this present study was designed to evaluate
the prevalence of tick-borne haemoparasites in cattle in Menoua
Division so as to create awareness and re-enforce preventive and
control measures in order to lessen the transmission and persistence
of tick-borne diseases in cattle of the western highlands of Cameroon.

Materials and Methods

Study area

This study was carried out in the Menoua Division (5°27°0” Latitude
North and 10°4°0” Longitude East), located in the Western highlands
of Cameroon. With a population size of about 372,244 inhabitants, this
zone covers a surface area of 1,380 km?, leading to a population density
of 270 inhabitants/km? [34]. The Menoua Division comprises six Sub-
divisions out of which four were selected for this study based on the
cattle population size, frequency and cattle supply points namely:
Dschang, Fokoue, Fongo-Tongo and Nkong-Ni (Figure 1). The average
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Figure 1: Map of the Menoua division showing the sampling sites.
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altitude of the Menoua Division is 1,382 m. It is limited to the North by
the Mifi Division, to the South by the Moungo Divsion and the Nkam
River, to the East by the Haut-Nkam Division and to the West by the
Bamboutos mountain range.

The Menoua Division is a peculiar zone as far as topography and
climate are concerned. It is located in a savannah landscape within the
Guineo-Congolese bioclimatic domain, on the Cameroon Volcanic
Line. Two seasons can be distinguished as follows: the rainy season
(March to October) and the dry season (November to February)
[35]. Annual precipitation ranges from 1,200 mm to 1,800 mm. The
maximum precipitation is in August and September. The average
annual temperature is 20.2°C and fluctuates during the day between
13.4°C and 27.5°C. The daily humidity varies from 33 to 98% [36].
These characteristics create favorable conditions for maintaining a high
density of parasitic disease vectors. The flora is made of forest galleries
localized especially in sacred groves of the traditional chiefdoms. The
forests also consist of eucalyptus, pine, cypress, oil palm, etc. The
Menoua cattle herd is made up of approximately 9,256 heads [37].
Agriculture and animal husbandry are the main economic activities;
no industrial activity is observed in the area [38].

Study population and sampling techniques: The sampling was
carried out from November 2017 to October 2018. Consents of herd
managers (shepherds/owners) were obtained before sampling, and
were included in this study cattle of both sexes, all races and age groups.
The age of cattle was determined by inspection of horns stripes or teeth
examination [39]. Cattle below 2 years of age were considered as calves,
those between 2 to 4 years as juveniles and those above 4 years as adults
[40]. Once in the field, the random selection of one herd in each of the
4 study sites was carried out and blood was sampled on cattle once after
every 2 months. The number of samples collected was determined using
the formula described by [41]. N=Z?PQ/d*. N=number of samples to
collect, Z=A constant degree of freedom, P=Percentage of published
prevalence, Q=(1-P), D=Confidence interval designated as 0.05.

Blood sample collection: For each apparently healthy animal
retained, approximately 5 ml of blood was sampled aseptically at the
level of the jugular vein using vacutainer needles and stored in EDTA
tubes (Ethylene Diamine Tetra Acetic Acid). These blood samples were
then labeled and transported in an ice-cooled flask to the Vector Borne
Diseases Laboratory of the Applied Biology and Ecology Research
Unit (VBID-URBEA) of the University of Dschang for processing and
examination.

Haematocrit determination: Micro-capillary tubes were charged
with whole blood up to % of their heights, then sealed with “cristoseal ”
(Hawksley, Lancing UK) and centrifuged at 12,000 rpm for 5 minutes
using the Hettich Haematokrit centrifuge. The Pack Cell Volume
(PCV) of the animals were then estimated using a Hematocrit reader
as described by [42]. Animals with a PCV value less than 24% were
considered anaemic, while in non-anaemic animals this value was
greater than 24% [43].

Slide preparation and tick-borne haemoparasites identification:
Thin blood smears were realized on clean slides using the standard
method as described by [44]. A drop of blood was placed at one end
of a clean grease free glass slide and made into thin with aid of a
spreader. The smear was made by inclining the edge of the spreader on
the dropped blood at about 30° to 45° to horizontal plane of the slide
bearing the blood. This was air-dried and fixed in absolute methanol
(pure methyl alcohol) for 5 minutes and then stained in 10% Giemsa
(10 ml Giemsa solution and 90 ml buffer solution) for 25-30 minutes.

The stained slides were afterward rinsed in water and allowed to dry.
The smears were examined using a microscope under oil immersion
objective (100X) for the presence and identification of piroplasma
(Babesia, Theileria) and inclusions (Anaplasma), with the aid of the
morphological identification key of Kaufmann [45].

Determination of the prevalence of infection and parasite density:
The prevalence of infection was calculated using the formula developed
by [46] P=(d/N) x 100 were P represents the prevalence of infection, d
the number of cattle parasitized by at least one haemoparasite and N
the total number of cattle sampled. For all positive slides, the parasite
density was determined by simultaneously counting the number of
parasites and the number of leucocytes (estimated on average at 8000 /
pl of blood) in at least 200 or at most 500 microscopic fields [47]. It was
calculated using the following mathematical formula:

Number of parasites counted

Parasite density = X 8000

Number of leukocytes simultaneously counted

Data analysis: Statistical analyses were performed using Statistical
Package for Social Sciences (SPSS) software version 22.0 and Medcalc
version 15.8. The chi-square test (x?) was used to compare the prevalence
of infection in cattle while the Kruskal-wallis and Mann-Whitney tests
were used to compare parasite densities. Pack Cell Volume (PCV) were
compared with respect to the status of the animals using the ANOVA
test. The relationship between PCV and parasite density of animals was
established using the Pearson correlation. P-values less than 0.05 were
considered as statistically significant.

Ethical approval: This project has been approved by the
Institutional Animal Care and Use Committee (IACUC) N°: 2017/187/
UB/FS/HOD/ZAP of the University of Buea. Authorizations to collect
blood from cattle were obtained from the Regional Delegate of the
West region and the Divisional Delegate of the Menoua Division of
the Ministry of Livestock, Fisheries and Animal Industries. The free
consent of shepherds and herds owners was also obtained before
the handling of animals on the field. As compensation for their
collaboration, the status of the parasitized animals was revealed to the
shepherds as well as advices on how to fight against ticks and overcome
these haemoparasites.

Overall infection rates: The result obtained from this study
indicated that out of the total number of 458 blood samples collected
form cattle, 372 were positive for one or several species of tick-borne
haemoparasites, that is, an overall infection prevalence of 81.20%.
According to Figure 2, the prevalence of infection of Anaplasma
marginale 145 (31.66%), Theileria spp 131 (28.60%) and Babesia bovis
94 (20.52%) were significantly higher than those of Anaplasma centrale
45 (9.83%) and Babesia bigemina 43 (9.39%) (p=0.003).

Prevalence and intensity of cattle infection according to sites,
sexes, age groups and breeds: The prevalence of cattle infections by
tick-borne haemoparasites varied significantly with age groups and
breeds in Menoua Division (p>0.05). From Table 1, it was observed
that these prevalence were very high regardless of the comparison
parameter considered (=80% and more). In fact, juvenile cattle are twice
as likely to be infected (OR=2.11) compared to adults and calves. This
also applies to cattle of the exotic Simmental breed which are almost
6 times more at risk of contracting an infection (OR=5.39) compared
to animals of local breeds (Gudali, Djafoun and Aku). Although these
prevalence are also relatively high on one hand in cattle of both sexes,
and on the other hand in the different sample collection sites, the Chi
square test showed that they did not vary significantly with respect to
these two parameters.
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Table 1: Prevalence and intensity of cattle infection by haemoparasites in Menoua division.
Category n/N Prevalence (%) ‘ OR (95% CI) ‘ P-value Intensity * SD p-value
Sites
Fokoue 97/124 78.23 12 Reference 10232 + 66372 <0.001
Fongo-Tongo 99/120 825 1.31(0.69-2.48) 0.40 6337 + 3867°
Dschang 86/108 79.63 1.09(0.58-2.05) 0.79 5786 + 2977°
Nkong-Ni 89/106 83.96 1.46(0.74-2.85) 0.27 9777 + 62412
Sexes
Female 238/297 80.13 12 Reference 7797 + 4978 0.6
Male 133/161 82.61 1.18(0.72-1.94) 0.52 8517 + 6415
Age groups
Calves 77/100 77.00 12 Reference 7115 £ 6204° 0.04
Juveniles 99/113 87.61 2.11(1.02-4.37) 0.04 8570 + 61657
Adults 195/245 79.59 1.16(0.67-2.04) 0.59 8155 + 48712
Breeds
Goudali 190/240 79.17 12 Reference 8198 + 5908° 0.02
Djafoun 104/128 81.25 1.14(0.66-1.96) 0.64 7674 + 4622°
Aku 56/67 83.58 1.34(0.65-2.75) 0.42 7193 + 4433°
Metis 1719 89.47 2.24(0.50-10.0) 0.29 7261 + 4158°
Simmental 04/04 100 5.39(0.12-45.0) 0.01 21811 + 109202
Legend: n /N: number of cattle infected / number examined; SD = Standard Deviation; OR (95% Cl): Odd Ratio (95% Confidence Interval); values with the same letter are
not significantly different at p=0.05; “Reference category.
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Figure 2: Prevalence of cattle infection by tick-borne haemoparasites in
Menoua.

After reading the blood smears to determine the number of
parasites in the blood samples of infected animals, it appears that
the overall average parasite density of cattle infected with tick-borne
haemoparasites in Menoua Division was high (=8053 parasites/ul of
blood). Animals sampled in Nkong-Ni and Fokoue had significantly
higher average parasite loads compared to those sampled in Dschang
and Fongo-Tongo Sub-divisions (p<0.001). In fact, the average
parasite loads of infected animals in the Fokoue and Nkong-Ni sites
were averagely around 10,000 parasites/ul of blood, whereas in Fongo-
Tongo and Dschang, this value was between 5,000 and 6,000 parasites/
ul of blood (Table 1). Likewise, adult cattle and juveniles exhibited
significantly higher average parasite loads (8,570 and 8,155 parasites/pl
blood, respectively) than calves (7,155 parasites/pl blood). In addition,
the mean parasite density of infection was 3 times higher in cattle of
the exotic Simmental breed (21,811 parasites/pl of blood) compared to
those of local breeds (=7,700 parasites/pl of blood).

Prevalence and intensity of cattle infection by haemoparasites
according to months and seasons: Table 2 shows the prevalence
of cattle infection by haemoparasites with respect to time, and it is
observed that cattle are more infected during the months of March and

February (88.16 and 84.21%, respectively) although the chi square test
shows that the infection rate of the animals did not vary significantly
during the months during which the blood samples were collected in
the field for the performance of this study (p>0.05). It is also important
to mention that the prevalence of infection of animals by tick-borne
haemoparasites in Menoua Division was very high throughout the year
(88.16% in March to 75% in May).

Regarding the average parasite load, the animals were significantly
more infected during the months of March and May with the average
infection loads estimated respectively at 9,223 and 9,132 parasites/
ul of blood (p=0.03). On the other hand, between the months of
July to January, the parasitic loads of infected animals fell below
8,000 parasites/pl of blood (Table 2). Although the mean intensity of
infection was 8,213 parasites/pl of blood in cattle sampled during the
rainy season against 7,797 parasites/ul of blood during the dry season,
the Mann-Withney-Willcoxon test did not find a difference (p=0.52).

Distribution of tick-borne haemoparasites in Menoua Division
according to sites and breeds: Figure 3 shows the distribution of tick-
borne haemoparasites in Menoua Division with respect to sites (A) and
races (B). It appears that A. marginale and Theileria spp are the most
distributed parasites in this geographical area, followed by B. bovis,
B. bigemina and finally A. centrale. The exotic Simmental breed was
the most susceptible to all haemoparasites that infect cattle in Menoua
Division, then by cattle resulting from interbreeding between local
breeds and exotic breeds and finally animals of local breeds (Gudali,
Djafoun and Aku).

Types of parasitic infections found in cattle: Among the 372 cattle
infected in Menoua Division, the majority (n=301-84.43%) were poly-
parasitized by two or more tick-borne haemoparasites circulating in the
area. Mono-infected animals represented a very marginal proportion
(n=58-15.57%). In general, 21 different combinations of parasites
were counted in poly-infected animals. Furthermore, the majority of
the animals harbored three species of haemoparasites (n=125-33.6%)
followed by those parasitized respectively by two (n=94-25.28%) and
four species (n=86-23, 12%). However, very few harbored five species
of haemoparasites simultaneously (n=9-2.43%). The association A.
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Table 2: Prevalence and intensity of cattle infection according to months and seasons.
Category n/N Prevalence (%) ‘ OR (95% ClI) P-value Intensity * SD p-value
Months
November 2017 64/76 84.21 12 Reference 7549 + 4801° 0.03
January 2018 61/76 80.26 0.76(0.33-1.76) 0.52 7940 + 5310°
March 2018 67/76 88.16 1.40(0.55-3.54) 0.48 9223472142
May 2018 57/76 75.00 0.56(0.25-1.26) 0.16 9132 + 62902
July 2018 61/76 80.26 0.76(0.33-1.76) 0.52 7555 + 4589°
September 2018 61/78 78.21 0.67(0.29-1.52) 0.34 6918 + 4123°
Seasons
Rainy 246/306 80.39 12 Reference 8213 + 5775 0.52
Dry 125/152 82.24 1.13(0.68-1.87) 0.63 7741 + 5042

Legend: n/N:number of cattle infected/number examined; SD=Standard Deviation; OR (95% Cl): Odd Ratio (95% Confidence Interval); values with the same letter are not

significantly different at p=0.05; ®Reference category.
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Figure 3: Distribution of tick-borne haemoparasites in Menoua Division

according to site (A) and race (B).

marginale + Theileria spp was the most prevalent among the double
associations (15.05%). As regards the triple associations, B. bovis +
A. marginale + Theileria spp was relatively the most found (17.47%).
The most prevalent quadruple association was composed of B. bovis
+ B. bigemina + A. marginale + Theileria spp (11.55%). The fivefold
association of all the different parasites was very weakly represented
(2.42%) (Figure 4). It is important to note the strong presence of B.
bovis, which appears in more than half of the associations identified
(present in 12 associations out of the 21 identified during the study).

Legende: Tspp=Theileria spp; Am=A. marginale; Ac=A. centrale;
Bb=B. bovis; Bbg=B. bigemina; 1=Tspp; 2=Am ; 3=Bbg+Tspp;
4=Bb+Tspp; 5=Am+Tspp; 6=Am+Bb ; 7=Am+Ac; 8=Bb+Am+Tspp;
9=Bbg+Am+Tspp; 10=Bb+Bbg+Tspp; 11=Bb+Bbg+Am; 12=Ac+Am+Tspp;
13=Bb+Ac+Am; 14=Bb+Ac+Tspp; 15=Bb+Bbg+Am+Tspp;
16=Bbg+Ac+Am+Tspp; 17=Bb+Ac+Am+Tspp; 18=Bb+Bbg+Ac+Am+Tspp.

Distribution of anemia in the cattle sampled: After performing
hematocrit on 458 blood samples taken from cattle, 63 animals were
found to have a hematocrit value of less than 24% for an overall anemia
rate of 13.8%.
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Figure 4: Types of Tick-borne haemoparasites associations.

Distribution of anemia in cattle by site and breed: Figures
5A and 5B show the distribution of anemia in the cattle sampled in
Menoua Division. In general, the mean hematocrit level is higher
in uninfected cattle compared to infected animals. The frequency
of anemia varied significantly between sites and races (p<0.001).
According to Figure 5A, the animals were more anemic in Nkong-
Ni (23.58%) and Fokoue (20.97%) unlike Fongo-Tongo (5.83%) and
Dschang (4.63%). In addition, it is observed that animals belonging to
the exotic Simmental breed were all anemic (100%) followed by those
resulting from interbreeding between exotic and local breeds (31.58%).
However, cattle of local breeds (Aku, Djafoun and Goudali) were very
less anemic.

Distribution of anemia in cattle by sex, age groups, months and
seasons: Table 3 shows the frequency of anemia in cattle found in
Menoua Division according to sex, age groups, months and seasons.
It appears that the occurrence of anemia in cattle was significantly
influenced by age groups, months and seasons. In fact, adult cattle
are twice more at risk to suffer from anemia in an event of infection
(OR=2.31) compared to juveniles and calves. In addition, the frequency
of anemia increases significantly between the months of November to
May (p<0.05). The period between November and January was the
most critical period in terms of contracting anemia. In fact, cattle
were 11 times more likely to be anemic compared to July, where
the prevalence of this condition was lowest (2.6%). Cattle were also
significantly more anemic during the dry season compared to the rainy
season. Indeed, during the months of November, January and March
which corresponds to the dry season until the onset of the first rains,
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Table 3: Influence of infestation status of cattle on Pack cell volume and anemia distribution according to sex, age groups, months and seasons.

PCV £ SD (%)
Parameters Non infected ‘ Infected n/N [Prevalence (%)] OR (95% CI) p-value
Sex
Male 329+342 30.6 £ 4.5° 19/142(11.8) 12 Reference
Female 31.5+4.12 29.6 +5.22 44/297(14.8) 1.12(0.63-2.01) 0.68
Age groups
Calves 34.8 +3.3° 32.2+5.3° 8/100(8.0) 13 Reference
Juveniles 325+3.22 29.6 +4.82 14/99(12.4) 1.89(0.75-4.74) 0.17
Adults 322+4.2° 28.7 £4.5° 41/245(16.7) 2.31(1.04-5.13) 0.04
Months
November 32.1+26° 275+ 4.7° 20/76(26.3) 13.21(2.96-58.89) <0.001
January 31.3+28 26.6 £5.1° 15/76(19.7) 9.09(2.00-41.35) 0.004
March 35.2+4.42 29.2+4.3° 13/76(17.1) 7.63(1.66-35.12) 0.009
May 33.3+4.32 30.3 +4.52 8/76(10.5) 4.35(0.89-21.22) 0.07
July 33.7+29% 32.2+4.5% 2/76(2.6) 12 Reference
September 345145 314 +4.4° 5/78(6.4) 2.53 (0.48-13.48) 0.27
Seasons
Rainy 349+4.32 31.3+4.7¢° 28/306(9.2) 12 Reference
Dry 32.8+3.22 27.9+4.9° 35/152(23.0) 2.97(1.73-5.11) <0.001
Legend: n / N:number of cattle infected / number examined; PCV=Packed-Cell Volume; SD=Standard Deviation; OR (95% Cl): Odd Ratio (95% Confiance Interval; OR
*=frequency of anemia significantly higher; values followed by the same letter are not significantly different (p<0.05); 2Reference category.

the high proportions of animals suffering from anemia were recorded
only during the months of heavy rainfall.

Discussion

The present study was conducted with the aim of determining
the prevalence of infection of cattle by tick-borne haemoparasites in
Menoua Division, Western region of Cameroon. Out of a total of 458
cattle examined, it appears that 372 were infected with at least one
tick-borne haemoparasites, for an overall prevalence of 81.20%. More
specifically, 4 species of tick-borne haemoparasites have been detected
as well as a species complex (genus Theileria). These are B. bovis, B.
bigemina, A. centrale, A. marginale, and Theileria spp. This relatively
high prevalence is close to that obtained by Lontsi-Demano et al. [10],
which show that 72.66% of the cattle in the Ngaoundere livestock park,
which is also the main cattle breeding area in Cameroon with a herd
size estimated at approximately 1, 25 million heads [20] are infected
with tick-borne haemoparasites. Similar sightings were also observed
Lorusso et al. [29] in Nigeria who found a prevalence of 82.6%. This
high prevalence could be explained by the abundance of vector ticks
that infest cattle in our study area. Indeed, Lontsi-Demano et al. [15]
showed that the Ixodidian fauna parasite of cattle in Menoua Division
consists of 14 species: they are Amblyomma variegatum, Rhipicephalus
(B.) decoloratus, R. (B.) microplus, R. (B.) annulatus, R. (B.) geigyi,
Hyalomma rufipes, H. truncatum, H. excavatum, R. mushamae, R.
guilhoni, R. lunutatus, R. sanguineus, Ixodes pilosus and Haemaphysalis
leachi. The presence of tick-borne haemoparasites would therefore
be the result of the establishment of vector ticks in this study area, as
reported by [48]. Another plausible explanation would be that, once
infected, an animal remains a chronic carrier throughout its life [49]
and vector ticks simply ensure the spread of pathogens within herds.
This transfer of pathogens also occurs through several stasis of the same
vector during the development of its life cycle. In fact, the completion of
a tick’s development cycle depends on blood meal taken at each stasis.
It is therefore during the intake and digestion of this blood meal that
these ticks become infected and subsequently spread the pathogens
within herds [50,51].

The prevalence of infection of cattle with tick-borne haemoparasites
was overall very high at the various sites selected and the same trend
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Figure 5: Packed-cell volume variations among cattle in the different sites (A)
and breeds (B) according to their health status.

was observed throughout the study. This could be due to the fact that
the breeding system adopted in the farms of the Menoua Division is of
a traditional type; it would therefore be favorable to the transmission
of parasitoses. Thus, herds graze freely in the forests for the search for
pasture and during this activity; they can therefore come into direct
contact with the vectors. According to Jorgesen et al. [52], rearing
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methods are among the factors most influencing the prevalence of
bovine tick-borne diseases. These extensive production systems with
low inputs cannot support the purchase of large quantities of acaricides
necessary to implement real tick control programs [32,53,54] while
ticks have become more resistant to acaricides [55-58]. This is
becoming more alarming since the introduction of the invasive and
multi resistant cattle tick R. (B.) microplus which is decimating livestock
in West, East and South African countries, was accidentally introduced
in Cameroon and is currently expanding its range in the Western
Highlands by competitively excluding native species [15,21]. The
presence of this tick in Cameroon calls out to the veterinary services
because it is more dangerous than R. (B.) decoloratus the native species.
In fact, in addition to B. bigemina and A. marginale, it also transmits
B. bovis which causes a virulent form of Babesiosis, the most important
bovine tick-borne disease overall [59,60].

The high prevalence of A. marginale (31.64%), Theileria spp
(28.56%), B. bovis (20.50%) obtained in this study can be explained
by profound modifications in the distribution of the main tick species
vectors of the various tick-borne haemoparasites. Subsequent work
showed that the invasive tick R. (B.) microplus has already established
itself in 4 of the 5 agro-ecological zones in Cameroon [21]. In addition,
it has been established that its introduction is most often accompanied
by the greatest economic losses in cattle breeding [61], for three main
reasons: the very weak immune response of certain taurine breeds with
respect to this tick species, its vectorial competence for exotic pathogens
(B. bovis therefore it is the main vector) [62-64] or endogenous (B.
bigemina and A . marginale) particularly virulent for livestock and
finally the recurrent and rapid development in its populations of
resistance to all acaricides used for control [55,61]. A recent study
on tick infestation of cattle in Cameroon classifies A. variegatum as
the most prevalent and widespread species [65]. In addition, it has
been shown that the ixodidian fauna parasite of cattle in the Menoua
Division consists of more than 50% of R. (B.) microplus. It is therefore
probable that the high prevalence of Theileria spp and A. marginale in
this study is due to this vector [48].

Although A. variegatum is the second most common vector
found in cattle in the Menoua Division after R. (B.) microplus [15],
the pathogens most often associated with this vector (Erlichia
ruminantium, Rickettsia africae, etc.) were not detected in blood
samples from infected animals. This could be due to the low sensitivity
of the blood smear to effectively diagnose these pathogens. Indeed, the
gold standard diagnosis of heartwater is based on the light microscopic
identification of E. ruminantium from a brain smear stained with
Giemsa [66]. Likewise, molecular (PCR) and serological (indirect
immunofluorescence, immuno-enzymatic reaction and western
blotting) methods are also very effective [67,68] which was not the case
in this study.

The parasite density of infected cattle was significantly higher in
the sites of Fokoue and Nkong-Ni. This could be explained by the fact
that all the cattle in Fokoue practice transhumance during the dry
season, which eventually predisposes them more to infestations by
ticks and therefore to the haemoparasites they transmit. In addition,
during this period of animal migration in the Santchou plain in search
for pasture, the treatment frequencies of animals with acaricides are
no longer respected. It has been documented that during periods of
transhumance, close contact is created between several herds of various
origins in the grazing area and this behavior favors the distribution of
parasites [69]. The animals sampled in Fokoue (living at more than
2000m average altitude) are also the most affected during periods of

unfavorable nutrition following their migration to the Santchou plain.

All the animals sampled at the Nkong-Ni municipal slaughterhouse
are mostly from the main livestock markets located in the North West
region and in the Noun Division which are destined for slaughter.
Consequently, they do not benefit from health care through manual
removal of ticks, acaricide applications, drug treatments and
vaccination campaigns which sometimes benefit animals in other
districts [15].

Juveniles and adults were more infected than calves. This is justified
by the fact that in this study area, calves are reared in stalls, which
restricts their movement in search of grazing areas hence reducing
their contact with ticks, which are the main vectors of haemoparasites
in cattle. In addition, their body surface area is reduced, which limits
the points of attachment of ticks and facilitates effective treatment
against these ectoparasites [70] via manual removal which is regularly
performed on animals [15].

Animals of the exotic Simmental breed were more infected than
animals of local breeds. This could be explained by the premunition
developedby cattle oflocal breed during their multiple contacts with ticks
and haemoparasites that they transmit in contrary to newly introduced
exotic breeds. This result corroborates that of Kocan [71] who found
that animals of local breeds are less susceptible to infection because
having long harbored ticks and therefore tick-borne haemoparasites,
have developed immunity against these parasites. However, Kamani et
al. [72] state that cattle of exotic breeds benefit from more attention in
terms of ectoparasite control and the permanent addition of dietary
supplements capable of boosting their immunity. This was not the case
in this work since extensive breeding (based on the search for pasture
on shorter or longer distances to supply the animals) constitutes the
main production system in Menoua Division.

Animals with the greatest parasite loads were those collected
during the months of March and May. This could be explained by the
fact that this period corresponds to the transitional period between the
drought and the rainy season, thus favoring the development of the
main species of ticks responsible for the transmission of pathogens.
In fact, these species are R. (B.) microplus, R. (B) decoloratus and A.
variegatum [15]. The strong dominance of R. microplus and R. (B.)
decoloratus could be explained by their enormous reproductive
potential and the simplicity of their life cycle described as monoxene.
The 3 developmental stages (larva, nymph and adult) feed on a single
host type, namely cattle which are their preferred hosts [23,73]. In fact,
a female can lay between 2,000 to 20,000 eggs in one lay and accomplish
4 to 5 generations of offspring in a year, which is not the case with
A. variegatum which is rather abundant in the rainy season [73,74].
According to Chartier et al. [75], the vast majority of ticks in the
tropics appear in the rainy season. Otherwise, the annual dynamics of
infestation of cattle by A. variegatum shows the peak of activity between
the transitional period of the dry and rainy season. This could be due
to the behavioral diapause developed by this species when infestation
conditions are not guaranteed. In fact, Stachurski [76], showed that in
areas where the annual rainfall is greater than 500mm, the adults of
this tick are present in pastures for 3 to 6 months, remain static in their
hiding place and only becomes active when rain returns.

Regarding the types of parasitic infections, polyparasitism was
more common with the two to three associations of dominant
parasites. This could be explained by the fact that the animals are
simultaneously parasitized by several species of ticks which are also
vectors of the various pathogens that circulate in Menoua Division.
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The situation is all the more serious as a species of tick vector is able
to transmit more than one species of haemoparasites to its host. These
mixed infestations, often involving two to three parasites, can promote
intercurrent infections. According to Bekker et al. [26], poly-infection
is the result of decreased resistance due to immunosuppression
caused by the presence of several parasites in the same animal. These
authors have also reported that animals suffering from distomatosis
are particularly immunocompromised and more frequently develop
mixed infestations / infections associating haemoparasites. This could
also be justified by the accidental introduction of the invasive and
multiresistant cattle tick R. (B.) microplus in Menoua Division [15]
which is also considered to be very competent in the transmission of
several particularly virulent haemoparasites of cattle: these are B. bovis,
B. bigemina, A. marginale and Theileria sp. According to Teledo et al.
[77], ticks are the vectors that transmit the largest variety of infectious
agents in the world on the veterinary aspect, and they rank second in
public health after mosquitoes. They can have broad to very broad
host spectra, thus promoting the circulation of infectious agents. The
fact that their development cycle requires taking several blood meals
during their life regularly leads to co-infections in their hosts; that is,
the simultaneous presence of several infectious agents capable of being
transmitted. This is quite more important because of the existence of
trans-stadial and transovarian transmission that exists within these
ticks.

Conclusion

This study discloses the occurrence of numerous tick-borne
pathogens of veterinary importance in cattle from Menoua Division
(Cameroon), together with the presence of a complex scenario of
multiple infections. The high prevalence and the great variety of
pathogens recorded (including, amongst others, A. marginale, Theileria
spp, B. bovis, B. bigemina and A. central) show that these haemoparasites
are endemic in herds and consequently, poses a serious threat to the
possible introduction of exotic taurine (i.e Simmental) breeds in the
area. Therefore, there is need for prevention and control programs
against these parasites, which call for the need of routine screening to
reduce the pathophysiological effect of the parasites and also strategic
measures should be taken to control the vectors involved in their
transmission. When these are adequately carried out it will improve
the production potentials of cattle and the economic well-being of
the owners. Future studies aimed to discriminate species of the genus
Theileria are strongly recommended.
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