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EXTENDED ABSTRACT

Ticks are a major group of arthropod vectors that transmit pathogens that cause devastating
diseases in humans and animals. The information on tick infestation and related tick-borne
pathogens in Tanzania is insufficient. Therefore, this study was conducted to determine
tick prevalence and degree of infestation on cattle as well as associated tick-borne
pathogens, in Kilombero and Iringa districts of Tanzania. A repeated cross-sectional study
was conducted to collect ticks on cattle in wet and dry seasons from January to August
2021. Out of 740 cattle examined, 304 were infested with ticks. In total 1,780 ticks were
counted on one side of the animal’s body and doubled, whereby a total of 3,560 ticks were
recorded. A total of 1,889 tick were collected from the infected cattle including 109 more
tick observed while collecting ticks based on the animal’s posture when restrained on
ground. Thereafter, ticks were identified morphologically using published morphological
keys under a stereomicroscope and confirmed using polymerase chain reaction (PCR) and
sequencing of the mitochondrial CO1 and 16S rRNA genes. The tick-borne pathogens
were detected using PCR. Fisher’s exact test was performed to detect the difference
between the proportion of hard tick species and the study areas and season. One-way
ANOVA was performed to compare mean tick burden between variables (including cattle
age groups, body condition score and frequency of tick control). Out of 1,889 ticks, 1,377
fit in the genus Rhipicephalus, 459 in the genus Amblyomma and 53 in the genus
Hyalomma. The most prevalent tick species identified were Rhipicephalus microplus
(48.1%), Rhipicephalus evertsi (16.4%), and Amblyomma lepidum (16.4%). The
sequencing results of the mitochondrial DNA fragments indicated high nucleotide identity
(96-100%) with sequences in GenBank and Barcode of Life Database (BOLD)
(OM974109-OM974112 and OM978262-OM978265). Seasonality results indicate no

statistically significant difference in the prevalence of tick infestation on cattle during the



dry (41.05%) and wet (41.11%) seasons. The DNA of Anaplasma spp. and
Theileria/Babesia spp. were detected in (70.33%, n=64) of all tick pools. The detection
rate of both Anaplasma and Theileria/Babesia spp. was high in Amblyomma lepidum
(25.00%, n=16) followed by Rhipicephalus evertsi (23.44%, n=15) tick pools. The results
showed high tick prevalence and abundance on cattle suggesting increased risk of tick-
borne disease transmissions and reduced animal production and productivity. Therefore,

tick infestation in the study areas highlight the need for strategic tick control approaches.
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CHAPTER ONE

1.0 GENERAL INTRODUCTION

1.1  Background

Ticks are one of the most important arthropod vectors and reservoirs for a wide variety of
pathogenic agents such as viruses, bacteria, fungi, protozoa and nematodes, which can
cause diseases in human, livestock and wild animals (Kerario et al., 2017; Chiuya et al.,
2021). Ticks are considered the second only after mosquitoes as worldwide vectors of
medical and veterinary importance (Caki¢ et al., 2014; Wikel, 2018; Tan et al., 2021).
Ticks are obligate blood-feeding ecto-parasites of mammals, birds and reptiles throughout
the world, with different species of relevance regionally. All stages of the tick
developmental cycle (larva, nymph and adult) are parasitic on vertebrates. Ticks transmit
diseases that lead to extensive economic loses to resource-poor farming communities
especially in tropical and subtropical regions where almost 80% of the world’s cattle

population is reared (Rehman et al., 2017; Wikel, 2018).

Tick-borne diseases (TBDs) such as East Coast fever, bovine babesiosis, anaplasmosis and
cowdriosis attribute to over 70% of all cattle deaths in Tanzania consequently over TSh. 72
billion is lost yearly (Kerario et al., 2017; Silatsa et al., 2019b; Raboloko et al., 2020). The
burden of ticks and TBDs on the economy and livelihood of those involved in the livestock
industry in Africa remains significant (Raboloko et al., 2020). Many factors have been
identified to explain the continuous increase in the incidence of ticks and TBDs (including;
inadequate monitoring and surveillance programs targeting ticks and tick-borne diseases,
deforestation and human encroachment on wildlife habitats, tick resistance to acaricides
and climate change) (Nchu et al., 2020). For effective control of ticks and TBDs,

knowledge on identification of tick species, their abundance and distribution is needed.



Livestock farming is one of the major occupations in Tanzania and contributing to food
security and source of income to farmers. Tanzania has approximately 33.4 million cattle,
21.3 million goats and 5.7 sheep (URT, 2021). Nearly 90% of agricultural households keep
livestock of different kinds (URT, 2021). About 95% of cattle populations in the country
are reared under traditional agro-pastoral and pastoral husbandry systems (URT, 2021).
The grazing land for these animals is no longer sufficient due to the increased number of
cattle, other domestic animals and human population. Most of the indigenous livestock are
widely grazed in grasslands and woodlands and consequently exposed to high risk of tick

infestation (Mamiro et al., 2016; Kerario et al., 2017).

Ixodid ticks of the genera Rhipicephalus, Hyalomma and Amblyomma are the most
important and widely distributed species found in many parts of Tanzania (Cumming,
1999; Kerario et al., 2017). The species included in the three genera are Rhipicephalus
appendiculatus, Rhipicephalus evertsi, Rhipicephalus bequarti, Rhipicephalus compositus,
Rhipicephalus hurti, Rhipicephalus interventus, Rhipicephalus kochi, Rhipicephalus
lunulatus, Rhipicephalus praetextatus, Rhipicephalus pulchellus, Rhipicephalus simus,
Hyalomma albiparmatum, Hyalomma impeltatum, Hyalomma marginatum rufipes,
Hyalomma truncatum, Ixodes spp., Amblyomma variegatum, Haemaphysalis leachi and

Haemaphysalis silacea (Lynen et al., 2007).

Rhipicephalus appendiculatus is a vector of Theileria parva which causes East Coast fever
(ECF) in cattle (Swai et al., 2006), Rhipicephalus ticks also transmits pathogens causing
Boutonneuse fever, Lyme disease, and Q fever (Kwak et al., 2014). Amblyomma
variegatum is of great veterinary importance because it is a competent vector of Ehrlichia
ruminantium, that cause cowdriosis (Heartwater) and triggers the growth of severe

dermatophilosis, caused by Dermatophilus congolensis (Kerario et al., 2017). Amblyomma



variegatum has also been proven to be a vector of Crimean Congo hemorrhagic fever
(CCHF) virus (Gonzalez et al., 1991; Akuffo et al., 2016). CCHF virus has been isolated
from adult A. variegatum from cattle in Senegal (Nemes et al., 2004), Nigeria and other
countries in close proximity to Tanzania like Uganda and Kenya (Hoogstraal, 1979; Ikpeze
et al., 2011). Rhipicephalus microplus is known to be a good vector of highly pathogenic
Babesia bovis. In addition, R. microplus and R. decoloratus are of extreme veterinary
importance as they are vital carriers of Babesia bigemina and B. bovis, that causes bovine
babesiosis. The two are also carriers of Anaplasma marginale causing bovine
anaplasmosis. Rhipicephalus evertsi transmits B. bigemina in cattle (Kerario et al., 2017).
Hyalomma rufipes is also known to transmit A. marginale (Kererio et al., 2017), and in
addition, the species is a good vector of Theileria annulata and Babesia occultans.
Hyalomma rufipes has been reported to be vector for the viruses of Bunyaviridae family
including; Tete and Matruh in Egypt and CCHF virus in Senegal and Nigeria, and Dugbe
virus in Nigeria (Hoogstraal, 1979). This tick is also a vector of Rickettsia conori causing

boutonneuse fever (Hoogstraal, 1979).

Factors that may have a considerable impact on the tick distribution and abundance
include: the increase in the human population and domestic animal hosts, environment
variations in vegetation and change in climatic conditions, agricultural activities, increase
in tick control programs and their successfulness (Kerario et al., 2017; Rehman et al.,

2017; Nchu et al., 2020).

Studies aiming at quantifying and identifying tick species in Tanzania are still limited.
Published studies related to tick species composition have been conducted in Ngorongoro
(Lynen et al., 2007), Iringa, Maswa (Kwak et al., 2014), Mvomero (Emmanuel et al.,

2012), Rufiji (Mamiro et al., 2016), Mara, Singida, and Mbeya (Kerario et al., 2017).



Nevertheless, their data are limited to morphological characteristics. This study sought to
provide molecular information on tick species collected at selected areas of Kilombero and
Iringa districts of Tanzania. Molecular data on Ixodidae ticks are of value to farmers and
other stakeholders as information about the distribution, burden and species diversity
present in the area and their seasonal variation. Data from this study will contribute to the
national livestock sector development goal and be used to formulate rational control

strategies of ticks and TBDs in Tanzania.

1.1.1 Classification of ticks

Ticks are members of the phylum (Arthropoda) of the animal kingdom. However, within
this phylum, ticks and their allies are grouped into subphylum Chelicerata based on the
presence of anterior pair of Chelicerae used for grasping, piercing, cutting and other
functions associated with food gathering and feeding (Cupp, 2019). Ticks are thus more
closely related to spiders and scorpions than insects and are therefore placed into class
Arachnida within subclass Acari. Acarines are characterized by the extreme fusion of body
segments, in contrast to the known three body segments head, thorax and abdomen in
insects (Oliver, 1989). Ticks comprising the suborder Ixodida are joined with a related
suborder of mites and placed within the order Parasitiformes. Within the suborder Ixodida,
there are three tick families including Ixodidae, Argasids and Nuttalliellidae making up the

superfamily Ixodoidea (Oliver, 1989).

Ticks thus belong to three different families; the majority of tick species belong to the two
main families: Ixodidae (Hard ticks) and the Argasidae (soft ticks) (Hoskins, 1991).
Argasid ticks are often called soft ticks because they do not have hard plates on their
bodies while, Ixodids with these plates are called hard ticks (Cupp, 2019). The two main

families of ticks not only have different life cycles but also, they have many morphological



features that clearly distinguish them. The third family is Nuttalliellidae presented by only
a single species Nuttalliella namaqua which is found in Namaqualand in South Africa and
some parts of higher rainfall areas of Tanzania (Oliver, 1989). It is of minor medical and

veterinary importance (Hoskins, 1991).

Ixodid ticks of all life stages possess a sclerotized scutum and an apically located
gnathosoma. The other important structures on the ventral side are anus, anal grooves,
adanal plates, and respiratory spiracular plates in the nymphs and adult ticks (Walker et al.,
2003). They slowly feed for several days to weeks because their body wall needs to grow
before it can expand to take a very large volume of blood meal (Jongejan and Uilenberg,
1994). In contrast, soft ticks do not possess a scutum, their prognathous mouthparts are
located anterioventrally and they have a leathery integument that can expand rapidly
allowing nymphs and adults to engorge within few hours (Cupp, 1991; Estrada-Pefia,
2015). Ixodid ticks secrete excess water derived from a blood meal back to the host via
their salivary glands, while soft ticks use their specialized ultrafiltration organ on the coxae

(Estrada-Pefia, 2015).

The Ixodidae is the dominant tick family, with respect to number of species and their
medical and veterinary importance. The taxonomic situation of the Ixodidae has been
studied in depth, and there is almost agreement on the systematic position of the families
and genera. There are at least 900 species arranged in two major groups namely Prostriate
and Metastriate, consisting of 5 subfamilies and 13 genera (Oliver, 1989). The genus
Ixodes have the anal groove surrounding the anus anteriorly hence are called prostriate
ticks. For the genera Rhipicephalus, Hyalomma, Amblyomma, Haemaphysalis, and
Dermacentor the anal groove surrounds the anus posteriorly thus they are called

metastriate ticks. The family Ixodidae comprises approximately 80% of all tick species,



including the species of greatest economic importance (Jongejan and Uilenberg, 1994).
The family Ixodidae contains the genera Ixodes, Rhipicephalus, Hyalomma, Amblyomma,

Haemaphysalis, and Dermacentor (Guglielmone and Nava, 2014; Estrada-Pefia, 2015).

At least 79 tick species have been identified and documented in East Africa of which some
have little or no economic importance (Cumming, 1999). The basic information on
distribution of various tick species in Tanzania was provided in the extensive tick surveys
conducted in 21 regions of Tanzania between 1955 and 1961 (Mamiro et al., 2016; Kerario
et al., 2017). Previous studies showed that Amblyomma variegatum and Rhipicephalus

appendiculatus represents the most catholic species in Tanzania (Lynen et al., 2007).

1.1.2 Ixodid tick feeding and life cycle

For the development and adoption of effective tick control strategies, understanding the
ticks feeding biology and their life cycles is very important. The feeding of ticks makes
them of importance in the health of domestic animals, humans and wildlife. During blood
feeding ticks may transmit pathogens to their host, injuring the skin, causing irritation and

pain and sometimes causing poisoning (Kiszewski et al., 2001; Latif and Walker, 2016).

1.1.3 Life cycle of Ixodid ticks

All ticks have four life cycle stages, the embryonated egg, motile larva, nymph and adult.
All Ixodid ticks are oviparous and have a single nymphal stage in contrast to the several
nymphal instars of the Argasids (Oliver, 1989; Estrada-Pefia, 2015). Ixodid tick lifecycles
are classified into 3-, 2- or 1- host tick based on whether the moulting of larvae to nymph
and nymph to adult occurs off or on host. Ixodid ticks exhibits questing behaviour when
seeking host by crawling onto vegetation, waiting until activated by sensing host vibrations

or other stimuli, then spreading their first pair of legs containing Haller’s organ, and



waiting to attach to the host as it passes by (Estrada-Pefia, 2015). This type of ambush and

the behaviour of waiting on vegetation is called questing (Latif and Walker, 2016).

Three-host tick life cycle may take six months to several years making it slows (Walker et
al., 2014). Most Ixodid ticks require three individual hosts in their life cycle. In this life
cycle each active stage repeats the pattern of host-seeking, feeding and off-the-host
moulting in the environment (Hoogstraal, 1979). Larvae and nymphs of Ixodids feeding on
mammals usually do so on small to medium sized host species, while the adults engorge on
large mammals. Rhipicephalus appendiculatus, Hyalomma impeltatum, H. impressum,
H. nitidum, H. truncatum and Amblyomma variegatum are some of the examples of three-
host ticks (Hoogstraal, 1979). Rhipicephalus appendiculatus, as the most important tick
species transmits the protozoan Theileria parva that cause ECF to cattle (Laisser et al.,
2017; OIE, 2020). In Tanzania among the TBDs, ECF is the major cause of cattle deaths
and costs the government a huge financial resource for its control (Laisser et al., 2017;
Kerario et al., 2018). The genus Hyalomma can be either three or two-host tick depending
on the available host species (Hoogstraal, 1979). Some few Ixodids have evolved a two-
host or one-host feeding behavior thus, no longer require multiple hosts (Oliver, 1989;
Jongejan and Uilenberg, 1994). On the other hand, climatic conditions and diapause may
delay development, host seeking behavior or even the onset of oviposition, so that only one
life stage can be completed each year. Furthermore, the duration of the life cycle can

further be extended up to 3 years due to environmental limitations (Walker et al., 2014).

A two-host life cycle is the one in which the larvae and nymph feed on the same individual
host and the adult feeds on another host after several days or longer following the nymph
engorgement and detachment. Some species of ixodid ticks undergoes two-host life cycle

including, Hyalomma anatolicum excavatum, Hyalomma detritum and Rhipicephalus



evertsi. The cycle is almost similar to one-host cycle except that the larvae and nymphs
feed on the same individual host (Walker et al., 2014). Upon finding a host the adults feed
and the female drops from the host after engorgement. The female deposits many eggs
(~2,000-20,000) in a single batch after several days or longer before dying. Ixodid tick
larvae then undergo a brief inactive period once hatched, during which the body hardens
and food reserves from the previous stage are digested. The larvae disperse once ready for
a blood meal and finally position themselves on edges of grass and other types of
protruding vegetation along their respective host trails and pathways. This positioning
ensures adequate host contact, which is signaled by sensory organs that distinguish a
hierarchy of stimuli, including host odors, carbon dioxide, warmth, moisture, interrupted
light, and mechanical forces. When on host, larval attachment occurs, and feeding begins
(Cupp, 2019). The host skin provides a warm, humid and optimum microenvironment for
the fed larvae on the host skin. The developmental process is often quick, (Oliver, 1989;

Walker et al., 2014; Cupp, 2019).

A one-host life cycle is the one in which all stages remain on the host after the larvae
attachment. It is a less common however, occurs in all the Rhipicephalus (Boophilus) and
in other genera. In this life cycle, eggs are laid on a physical environment and the female
adult dies, larvae hatch after several weeks of development and crawl onto vegetation for
questing. They grab onto the host using their front legs and then crawl over the skin to find
a suitable place to attach (Jongejan and Uilenberg, 1994; Cupp, 2019). The nymph feeds
on the same host and remains attached until it moults into adult. The adults have their
blood meals and change position for mating on the same host. Therefore, all the three
feedings of any individual one-host tick occur on the same individual host (Latif and
Walker, 2016). The one-host tick life cycle is usually rapid, for example, Rhipicephalus

(Boophilus) may take three weeks for the feedings on one host and two months for egg



laying and larval development (Hoogstraal, 1979; Walker et al., 2014). In general, the
length of tick life cycles are quite variable since they are regulated by seasons, as well as
complex interactions among photoperiod, temperature, moisture, and availability of
suitable hosts and mates, acting on the genetic variability of each tick species (Oliver,

1989).

1.1.4 Reproduction

Mating in Ixodid ticks takes place on the host, except Ixodes which may mate while on the
vegetation (Walker et al., 2014). Male ticks remain on the host and tend to mate with many
females while they are feeding (Walker et al., 2014). However, newly moulted adult
metastriate ticks are sexually immature thus, gametogenesis only begins during blood
feeding. Female ticks secrete multiple pheromones that regulates mating in ticks by
attracting fed males. The males then transfer a sack of sperms to the females. The female
ticks mate only once, before they are ready to fully engorge with blood. Once have enough
sperms to fertilize their eggs and fully engorged, the females drop off from the host, lay
eggs in a suitable physical environment then dies (Kiszewski et al., 2001; Nejash, 2016;

Latif and Walker, 2016).

1.1.5 Host and habitat

Ticks have specific species of hosts to which they are adapted. The presence of a suitable
maintenance host for the reproduction of adult ticks therefore, determines the survival of a
particular tick population (Lindsay, 1999). Host resistance, behaviour response such as
grooming and tick attachment success are among other factors influencing the survival of
ticks (Randolph, 1994). Tick abundance mainly depends on host composition, density and
abundance. However, the most important component in the physical environment for tick

survival is climate of which temperature and moisture are the primary factors influencing
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tick host seeking behaviors in an environment (Randolph, 1997; Kamani et al., 2017).
These climatic factors, along with the abundance and availability of host, determine the
seasonality of tick abundance as the host seeking behaviors are consistent with the most
favorable climatic conditions (Randolph, 1994, 1997; Estrada-Pefia, 2015; Kamani et al.,

2017).

When seeking for the host especially during high temperature periods, ticks usually lose
water and become dehydrated. Ticks thus reabsorb water periodically from a humid
atmosphere, like from moist leaf litter in the lower vegetation (Randolph, 1994; Estrada-
Pefia, 2015). Since many tick species lay eggs in the soil, the soil type and its properties
like water retention can thus determine the survival and development of their larvae
(Cumming, 1999). The tick population could consequently be affected by other factors
such as predators (including birds), frequency of habitat disturbance such as field fire,

droughts, and floods (Estrada-Pefia, 2015).

1.1.6  Distribution and abundance of ticks in Tanzania and their influential factors
In many parts of the Tanzania where cattle are raised, Rhipicephalus appendiculatus,
R. microplus, R. decoloratus and Amblyomma variegatum, A. lepidum and A. gemma are
the most widely distributed ticks (Lynen et al., 2007; Kwak et al., 2014). Under favorable
condition an extensively studied R. appendiculatus was shown to complete its life cycle in
three months, but occurrence becomes seasonal where there is a noticeable dry season
(Randolph, 1994). The pattern of seasonal occurrence is regulated by the unfed adult ticks,
which enter diapause and do not engage in host seeking until the start of the rainy season.
Several overlapping generations are completed annually in areas where the rainfall is
evenly spread through the year. However, there is no clear pattern of seasonal abundance

evident (Randolph, 1994).
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In a study conducted in Rufiji district, Rhipicephalus microplus and R. evertsi have been
observed on cattle during dry and rainy season (Mamiro et al., 2016). However, earlier
studies showed that, R. microplus has extended its distribution range and is now present in
all northern regions of Tanzania except in extremely cold and dry areas, and that high
suitability is currently recorded for most of the previously non occupied areas.
Rhipicephalus microplus occur in areas with an estimated mean rainfall of 58 mm (Mamiro
et al., 2016). Its steady spread in Tanzania is assisted by its higher reproductive potential
and most favorable climates which enable it to compete successfully against R. decoloratus
where they occur together (Walker et al., 2014). Rhipicephalus decoloratus has been
previously reported in Singida, Mbeya and Mara regions. Its relatively high abundance in
these regions is explained by its preference for highlands and sub-highlands with an annual

rainfall of more than 800 mm (Kerario et al., 2017).

Previous studies indicate that among Amblyomma species, A. variegatum is the most
widespread species in Tanzania, covering the subhumid and low to high altitude areas of
the country (Kwak et al., 2014). In contrast, adults of Amblyomma lepidum in Tanzania are
most abundant between October and February. Infestations begin either shortly before or
after the onset of the rainy season, but there may be considerable variation in the timing of
the peak (Walker et al., 2014). On the other hand, A. gemma is most commonly found in
the arid or semi-arid bushland or wooded and bushed grassland areas with shorter drought

periods and bimodal rainfall (Lynen et al., 2007).

The other ixodids that characterize tick population in Tanzania include; Haemaphysalis
leachi, H. silacea, Hyalomma albiparmatum, H. impeltatum, H. marginatum rufipes,
H. truncatum, H. turanicum, Ixodes spp., Rhipicephalus bequarti, R. compositus,

R. sanguineus, R. pravus, R. hurti, R, interventus, R. kochi, R. lunulatus, R. praetextatus,
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R. pulchellus, R. simus, R. muhsamae, Amblyomma hebraum and A. marmoreum (Lynen et
al., 2007; Kwak et al., 2014; Walker et al., 2014; Mamiro et al., 2016; Kim et al., 2018).
Their abundance varies with time, habitat and agro-ecological zones due to interaction of
diverse factors such as host diversity and resistance, climate, absence of control measures

and managerial activities that may affect the host behavior (Kerario et al., 2017).

1.1.7 Seasons and other eco-climatic conditions affecting distribution of Ixodid ticks
Hard tick abundance and distribution are affected with time, seasons, habitat, agro-
ecological zones. Moreover, various diverse factors like host diversity and resistance,
climate change, absence of control measures and improper host management that may
affect host behavior are also known to affect tick distribution (Alanazi et al., 2019).
Knowledge about tick distribution and species composition provides significant
information on tick population dynamics, disease transmission dynamics and estimation of
resistance of different hosts (Salih et al., 2004, 2008). Information on tick distribution can
be an indicator for the presence of tick-borne diseases circulating in a given agro-

ecological zone (Sorvillo et al., 2020).

The seasonal activity of ticks is characterized by several cycles of ascending and
descending movements in the vegetation, regulated by temperature and loss of water. The
energy reserves in ticks, their water retention ability and relative humidity and temperature
are therefore some of the factors regulating the questing activities and survival of ticks in
the field (Porretta et al., 2013; Walker et al., 2014; Estrada-Pefia, 2015; Randolph et al.,
2016). In the field, the density of questing ticks could be estimated by dragging a white
piece of blanket or flannel flag over the low vegetation (Perret et al., 2004; Swai et al.,

2006).
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Ticks may dehydrate during questing but, they rehydrate it by descending at intervals to
the layer of dead leaves or grass covering the soil where they can reabsorb water vapor
from the atmosphere and once they are hydrated, they climb the vegetation again (Lindsay,
1999; Perret et al., 2004). Microclimate, diversity and the availability of the host shapes
the abundance of ticks, a feature called “phenology” (Perret et al., 2004). Each tick stage
succeeds definite time of the year, given the specific combination of climate and seasonal

changes in the host abundance (Estrada-Pefia, 2015).

Various studies showed that climate regulates tick questing activities. Most ticks are
inactive at the lower layer of vegetation before they begin questing. With combination of
climate and photoperiod the questing process is triggered (Oliver, 1989; Estrada-Pefia,
2015). Photoperiod may act on the moulting stages, activating or delaying moulting until

more favorable conditions are available.

Many species of ticks are adapted to seasonal variation in climate within their geographical
range. To the questing ticks, prolonged dry environmental conditions cause serious danger
especially to the questing larvae which are susceptible to drying out fatality (Oliver, 1989).
The larvae are cutaneous respires in contrast to nymphs and adults which have specialized
spiracles to breathe through (Latif and Walker, 2016). The survival of many tick species is
improved if they have a seasonal cycle which reduces these risks. To overcome the adverse
effects of prolonged dry seasons, some species of Ixodides have developed a behaviour
called diapause, a suppression of the host seeking activity in unfed ticks and delays of the

engorgement of the on-host ticks (Oliver, 1989).
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Behavioral diapause has been recorded in Ixodes, Hyalomma, Haemaphysalis,
Amblyomma, Rhipicephalus and Dermacentor (Oliver, 1989; Lindsay, 1999; Porretta et
al., 2013). For example, R. appendiculatus has developed a diapause mechanism which
reduces the activity of some parts of the life cycle so that the reproduction of adults is at

the beginning of the single wet season when humidity is highest (Lindsay, 1999).

1.1.8 Tick identification
Accurate Ixodid tick species identification from parasitized hosts or from the surrounding
vegetation is an important factor in the detection and diagnosis of TBDs and is a

prerequisite for control and likely eradication.

1.1.8.1 Morphological identification of ticks

The taxonomic key for Ixodid uses important morphological characteristics arranged to
facilitate identification of the ticks (Hoskins, 1991). This simplified key is useful primarily
for identifying adult ticks that are of veterinary importance in Africa (Walker et al., 2014;
Cupp, 2019). The best method for morphological identification of ticks is the dichotomous
key which provides a series of choices between two or more features of ticks at each stage.
If each choice is made correctly the key can lead down to a single species. This type of key
is one of the best methods for identifying tick species from a wide variety that may be
found on domestic and wild animals in Africa (Latif and Walker, 2016). Ixodid ticks
infesting cattle in Africa are of many sizes and share some morphological features useful
for their identification. In the genus Ixodes (prostriate), the anal grove passes to the
anterior of the anus, while, in all other genera of ixodid ticks (metastriate), the anal grove

passes posterior to the anus, or is absent (Walker et al., 2014; Cupp, 2019).
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Amblyomma and Hyalomma are the two genera of large ixodid ticks (approximately 6-7
mm). They have long mouthparts, which project to the anterior of the body and large eyes.
These two genera have pale rings on most segments of their legs. Amblyomma spp. have
very long mouthparts, elongated second segment of palps, they have ornate conscutum and
scutum, eyes and festoons are present. Amblyomma males may not or have ventral plates

but when present very small and have banded legs (Latif and Walker, 2016).

Hyalomma have long mouthparts, their second segment of palps is elongated. The scutum
is pale to dark brown in color, they have convex eyes and festoons. Males have adanal,
sub-anal and accessory anal plates. They have coxae of first pair of legs with long
prominent posteriorly directed spurs and banded legs. Males of Hy. albiparmatum are very
similar to Hy. truncatum except that, they have a central festoon in the form of a large
white parma. Whereas, in Hy. truncatum the central festoon is not well defined adequately
to form a parma. Hy. albiparmatum adults feed on cattle, sheep and goats while the
immature stages of the same feed on small mammals (Madder et al., 2013). The second
group is the genus Ixodes of medium size ticks (approximately 3-5 mm) with long
mouthparts that are sexually dimorphic, but no eyes, no festoons, no adanal plates on males
and plain dark legs. Their coxae | have a large single spur. The anal groove passes anterior
to the anus (Walker et al., 2014; Latif and Walker, 2016). The third group is the genus
Rhipicephalus, is also of medium size ticks (approximately 3-5 mm), but with short
mouthparts and eyes. Its coxae | have large and equal paired spurs. The fourth group, a
genus of medium size ticks is Dermacentor. The last group is the small sized ticks (less
than 3 mm), (Boophilus), Margaropus and Haemophysalis, all have anterior and short
mouthparts and their eyes are small for (Boophilus) and Margaropus or absent for

Haemophysalis (Cupp, 1991, 2019; Walker et al., 2014; Latif and Walker, 2016).
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The dichotomous key commonly used for the identification of ticks found on domestic
animals of Africa is a useful guide for discriminating Ixodid ticks. However, for those
unfamiliar with the taxa, the Metastriate becomes particularly problematic to discriminate
and might be misidentified. This problem is often broadened during molecular surveys for
pathogens or genetic analysis, as the entire immature specimens are often destroyed.
Therefore, an alternative method for quick and precise identification is needed, particularly

for confirmation of specimen identification post processing (Anderson et al., 2004).

1.1.8.2  Molecular identification of ticks

Besides morphological identification, confirmation of tick species in some studies have
been done using nucleic acid amplification methods targeting barcoding genes as
molecular markers including; Mitochondrial Cytochrome ¢ Oxidase | (CO1) subunit,
Internal Transcribed Spacer 2 (ITS2), Mitochondrial Cytochrome b (Cyt B), 16S rDNA,
and 12S rDNA genes. Mitochondrial and nuclear DNA has been widely used to conduct
phylogenetic studies (Jizhou et al., 2014a; Rehman et al., 2017). Some studies have
confirmed that mitochondrial DNA (mtDNA) provides useful markers for species
identification, genetic characterization and studies of phylogenetic relationships of
organisms at different taxonomic levels (Chitimia et al., 2010; Caetano et al., 2017; Silatsa
et al., 2019a; Kanduma et al., 2020). There has been efforts to standardize the molecular
methods for identification of Ixodid ticks but, no one gene has been formally designated as
an admitted DNA marker to deal with problems of classification and phylogenetics in

Ixodid ticks (Gou et al., 2018).

Similar to other arthropods, tick mitochondrial genome has a circular, double-stranded
DNA structure. The length averages 14 — 16 Kilobases, characterized by low molecular

weight, high copy quantity and genetic conservation. The differences in length of
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mitochondrial genomes between ticks may be influenced by gene rearrangement and the
length of non-cording regions (NCRs) (Liu et al., 2013; Li and Liang, 2018). The genome
contains a total of 37 genes, including 13 protein-coding genes (PCGs), 2 ribosomal RNA
(rRNA) genes and 22 transfer RNA (tRNA) genes. Among the 13 PCGs, 9 PCGs (cox1-3,
nad2, nad3, nad6, atp8, atp6, cytb) are located in the majority strand (J strand) and 4 PCGs
(nad5, nad4, nad4L, nadl) are located in the minority strand (N strand). To date, 63
complete ticks mitochondrial genomes are available in National Center for Biotechnology
Information (NCBI) database, and these genomes have recently become an increasingly
important genetic resource and source of molecular marker in phylogenetic studies of ticks

(Wang et al., 2019).

The mitochondrial cytochrome ¢ oxidase subunit 1 (CO1) gene is one of the most common
markers used for tick molecular systematics. Fragments of this gene are normally used to
infer phylogenies, mainly the region near the 5° end, which is used by the DNA Barcoding
Consortium. The COL1 is one of the building blocks of the cytochrome ¢ oxidase protein.
The protein is the last enzyme in the electron transport chain, reducing oxygen and
pumping protons across the inner mitochondrial membrane (Pentinsaari et al., 2016). The
CO1 gene appears to be an informative molecular marker and thus is a potential tool for
species identification in Ixodidae. It could be insufficient to use a single mitochondrial
gene (COL1) for DNA taxonomy thus, there is a need for an integrated approach to combine
nuclear and mitochondrial genes, morphological characters, and ecological information

(Gou et al., 2018).

1.1.9 Tick-borne disease of cattle
Approximately 80% of the world cattle population are affected by the tick-borne diseases

that are widely distributed in the tropical and subtropical countries (Asmaa et al., 2014;
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Raboloko et al., 2020). In Tanzania, TBDs cause over 72% of the annual cattle deaths
(Emmanuel et al., 2012). East Coast fever (ECF) caused by Theileria parva, babesiosis
caused by Babesia bigemina and B. bovis, anaplasmosis caused by Anaplasma marginale
and heart water caused by Ehrlichia ruminantium are the most important TBDs of cattle in
Tanzania (Kerario et al., 2018; Nchu et al., 2020). Only three TBDs namely theileriosis,

babesiosis and anaplasmosis have been considered for discussion in this study.

1.1.9.1 Theileriosis

Theileriosis is caused by an obligate intracellular parasite of the genus Theileria. It affects
both wild and domestic animals, mostly the bovines (OIE, 2020). There are about 15
species within the genus Theileria, that are capable of infecting cattle and other domestic
ruminants such as sheep, and goats (Moumouni et al., 2015; Spickler, 2019). However,
T. parva that causes ECF and T. annulata that causes tropical theileriosis are the only two
species commonly known to be pathogenic and of economic importance in cattle (OIE,
2020). Cattle become infected when theileria sporozoites enter into the body via tick saliva
during blood feed (Namgyal, 2020). The sporozoites then invade lymphocytes and develop

into schizonts which induce division of infected cells resulting in lymphocytosis.

The schizonts develop into merozoites and invade red blood cells to develop into
piroplasm (Watts et al., 2016). Piroplasm then infects ticks as they blood feed on cattle. In
ticks the piroplasm form gamonts which develop into gametes. The gametes fuse to form
zygote and latter form motile kinete. Sporogony then occurs in the sporoblast to form
sporozoites in the tick salivary glands. The sporozoites are then secreted from the salivary
glands into the feeding site, infecting the cattle and the cycle continues (Spickler, 2019).
The incubation is usually 7-12 days for ECF in experimentally infected animal and 1-3

weeks for tropical theileriosis (Spickler, 2019). East Coast fever in cattle is characterized
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by fever, peripheral lymphadenopathy, anorexia, respiratory distress, and in some animals,
nasal discharge, and diarrhea (Fry et al., 2016). Theileria spp. are transmitted by several
ixodid ticks of the genera Rhipicephalus, Hyalomma, Amblyomma and Haemaphysalis.
Theileria parva is the cause of tropical theileriosis, naturally transmitted by
R. appendiculatus and R. zambesiensis and can also experimentally be transmitted by
R. evertsi and R. pulchellus (Lorusso et al., 2016). Theileria annulata is transmitted by

Hyalomma spp. (Fry et al., 2016; Spickler, 2019; OIE, 2020).

1.1.9.2 Babesiosis

Babesiosis in cattle is caused by an intraerythrocytic protozoan parasite of the Phylum
Apicomplexa, and genus Babesia (OIE, 2021). Two species of Babesia (namely B. bovis
and B. bigemina) are known to infect cattle in tropical and subtropical countries (Spickler,
2019). Cattle become infected through a bite from an infected tick that secretes Babesia
sporozoites into the blood circulation (Bock et al., 2004). Sporozoites invade red blood
cells, transform into trophozoites, and then grow and divide into two round or pear-shaped
merozoites (Namgyal, 2020). The merozoites rupture cells and subsequently infect new red
blood cells (Bock et al., 2004). The incubation period is often 2—-3 weeks or longer after
tick infestation. (OIE, 2021). Babesia. bovis and B. bigemina are transmitted by
R. microplus as the principal vector (Bock et al., 2004; Namgyal, 2020). Transmission of
the pathogen in ticks occurs both transovarially and transstadially. However, transstadial

transmission does not occur at all stages (Gray et al., 2019).

1.1.9.3 Anaplasmosis
Anaplasmosis in the bovine is caused by a Gram-negative, obligate intracellular parasite
Anaplasma marginale that belongs to the order Rickettsiales, family Anaplasmataceae,

genus Anaplasma (Kocan et al., 2004; Selmi et al., 2019). There are six known species
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belonging to this genus, namely Anaplasma bovis, A. ovis, A. marginale, A. centrale,
A. phagocytophilum and A. platys (Selmi et al., 2019). Anaplasma marginale mostly
occurs in tropical and subtropical regions, and it has a significant economic effect through
decreased livestock productivity (Felsheim et al., 2010; Namgyal, 2020). Anaplasma
centrale causes benign infection with some degree of anemia (OIE, 2018). Once
susceptible cattle are infected with Anaplasma, the organism multiplies in the bloodstream
and attaches to the animal’s red blood cells. The animal’s immune system destroys the
infected red blood cells in an attempt to fight off the infection. Following the process,
uninfected blood cells are also destroyed (Kocan et al., 2010; OIE, 2018). When the
number of blood cells being destroyed exceeds that being produced by the body, the
animal becomes anemic. In cattle, red blood cells are the only known site of infection with
A. marginale, and the clinical presentation of the disease is marked by severe anemia and
jaundice without hemoglobinemia (Aubry and Geale, 2011; Namgyal, 2020). To develop
the clinical signs, it takes 2 to 6 weeks after the animal has been infected (OIE, 2018;
Namgyal, 2020). Several ixodid ticks from the genera Rhipicephalus, Hyalomma, Ixodes
and Dermacentor are capable of transmitting A. marginale. Transmission of the pathogen
in ticks occur only transstadially (Kocan et al., 2010). Transmission in cattle can occur
mechanically by biting flies and blood contaminated fomites. Cattle of all ages are
susceptible to A. marginale infection but, older ones (<3 years) are more severely affected.
Cattle that survive the infection become a lifelong carrier of the pathogen (Whittier et al.,

2009).

1.1.10 Tick-borne diseases transmission
Ixodid ticks are important vectors for tick borne diseases (TBDs) including rickettsiosis,
babesiosis, anaplasmosis, heartwater, East Coast fever, Ehrlichiosis and CCHF Worldwide

(Kerario et al., 2017; Kim et al., 2018). Ixodids of the genera Amblyomma, Rhipicephalus
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and Hyalomma are the most important and widely distributed species in many parts of
Tanzania (Cumming, 1999; Kerario et al., 2017). Amblyomma gemma adults usually feed
on domestic animals such as cattle and camels, but large herbivores such as giraffe and
buffaloes are the preferred host of this tick species. The tick was considered insignificant
to the health of domestic animals. However, recent studies have shown that in arid areas it
is primarily responsible for the maintenance and transmission of a number of tick-borne

viruses in cattle and human (Sang et al., 2006).

Amblyomma variegatum (commonly known as Tropical bont tick) is an important vector of
the rickettsia Ehrlichia ruminantium that causes heartwater in cattle, sheep and goats
(Madder et al., 2013). Amblyomma variegatum has also been implicated as vector of
Crimean Congo hemorrhagic fever virus (CCHFV), Dugbe virus, yellow fever virus, the
Ehrlichia bovis causing bovine ehrlichiosis and the protozoans Theileria mutans and
Theileria velifera causing benign bovine theileriosis as well as Anaplasma spp., causing
anaplasmosis (Ikpeze et al., 2011; Madder et al., 2013). This tick has also been associated
with dermatophilosis caused by the bacteria Dermatophilus congolensis. The wound
caused by this tick and the immunosuppression that occurs after blood feeding, facilitate
entry of the bacteria into the host skin (Ambrose et al., 1999). Dermatophilosis results in a
loss of milk production, poor quality hides, weight loss and occasionally death in cattle

(Ambrose et al., 1999).

Amblyomma lepidum like A. variegatum transmits the rickettsia Ehrlichia ruminantium,
which causes heartwater in cattle, sheep and goat (Collins et al., 2022), and the protozoans
Theileria mutans and Theileria velifera which cause benign bovine theilerioses (Tatchell

and Easton, 1986; Walker et al., 2014).
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Rhipicephalus appendiculatus (the Brown ear tick) transmits Theileria parva that causes
East Coast fever in cattle (Kanduma et al., 2016), and different strains of Theileria parva
that cause Corridor disease. The tick also transmits Anaplasma bovis causing bovine
anaplasmosis, Rickettsia conorii causing tick typhus in human and Nairobi sheep disease
virus. There is also remarkable loss of growth of cattle even without any disease

transmission (Jongejan and Uilenberg, 1994; Kanduma et al., 2016).

Rhipicephalus (Boophilus) microplus (Asian blue tick) transmits Babesia bovis and
B. bigemina that causes bovine babesiosis (Baron et al., 2018; Silatsa et al., 2019b).
Babesia bovis infection is acquired by the adults of one generation of ticks and transmitted
transovarially by the larvae to the next generation. It also transmits Anaplasma marginale
causing bovine anaplasmosis and Borrelia theileri that causes spirochaetosis (Fyumagwa et

al., 2009; Madder et al., 2013; Silatsa et al., 2019b; Rojas et al., 2021).

Rhipicephalus (Boophilus) decoloratus (African blue tick) is a one-host tick. The tick
transmits Babesia bigemina to cattle (Baron et al., 2018). This infection is transmitted only
by the nymphal and adult stages of the tick after it has passed transovarially from one
generation to the next. Rhipicephalus decoloratus also transmits Anaplasma marginale to
cattle and Borrelia theileri, causing spirochaetosis to cattle, sheep, goats and horses

(Madder et al., 2013; Latif and Walker, 2016).

Rhipicephalus evertsi evertsi (the red legged tick), may play a role in the transmission of T.
parva to cattle. Studies showed that it can transmit B. bigemina transovarially to cattle. In
addition to that, stage to stage transmission of Theileria separata to sheep can also occur.
It also transmits Borrelia theileri that causes spirochaetosis in cattle, horses, sheep and

goats. The saliva of engorged female tick contains a toxin that causes paralysis, mostly in
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lambs but it may also affect calves and adult sheep (Madder et al., 2013; Walker et al.,

2014).

Hyalomma rufipes (the bont-legged tick) is a two-host tick which serves as both reservoir
and vector of CCHF virus, of which additional to its transmission to human through tick
bite it can be also be acquired through crushing of engorged tick or secondarily through
contact with body fluids. However, domestic animals or patients with CCHF (Alsarraf et
al., 2017; Sorvillo et al., 2020) are the principal source of human infection with CCHF

virus (Chitimia et al., 2019; Spengler et al., 2019).

Hyalomma spp. transmits Anaplasma marginale causing bovine anaplasmosis, Rickettsia
conorii causing tick typhus in humans and Babesia occultans that causes benign babesiosis
in cattle (Chitimia et al., 2019; Bellabidi et al., 2020). The feeding of adults of this tick on
cattle causes large lesion at the attachment sites, leading to the formation of severe
abscesses due to secondary bacterial infections (Madder et al., 2013). On the other hand,
Rickettsia conorii have been successfully isolated from Hyalomma albiparmatum a three-

host tick (Heisch et al., 1962).

Although Hyalomma species are not usually involved in the transmission of main
pathogenic species of Babesia such as; B. bigemina, B. bovis and B. divergens, recently
few genetically distinct Babesia like Babesia U spp., Babesia spp. Kashi 1 and 2, Babesia
spp. Kayseri 1, Babesia spp. CS58, Babesia spp. Hy, B. beliceri and B. ocultans have been

recorded from Hyalomma spp. (Kumar et al., 2020).
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1.1.11 Tick control methods

Tick control is treatment that reduces exposure of livestock to the target ticks within a
specific area and time (Walker, 2011). Tick control is critical for the mitigation of the
direct and indirect effects of ticks on livestock productivity (Jongejan and Uilenberg,
1994). There are many tick control approaches such as the use of chemical acaricides,
selection of genetically-resistant breeds and anti-tick vaccines, but there is no single

approach that could be considered as a stand-alone solution (Willadsen, 2006).

1.1.11.1 The use of acaricides in tick control

The conventional method for tick control is the treatment of animals by dipping or
spraying with acaricides. Spraying can be performed using motorised spray-races or hand-
sprays. Of the tick control methods, direct application of chemical acaricides to host
animals still remain to be the most commonly used method for controlling ticks on
livestock (Jongejan and Uilenberg, 1994). Acaricides are efficient and cost effective when
used correctly. However, acaricides can have some negative impacts, such as the potential
resistance of ticks to acaricides, residues in food products including milk and meat as well
as the harmful effects on human, animals and the environment (Willadsen, 2006). An
acaricide is acceptable when has an efficacy of > 95% as per the government of Tanzania
regime (Emmanuel et al., 2012). The prolonged use and malpractices during acaricide
application have been associated with the development of resistance in ticks (Emmanuel et
al., 2012) and the development of resistance is most common in R. microplus (Malan,

2015).

1.1.11.2 Host resistance to ticks
Selection of genetically-resistant host breeds could help in the control of ticks. Host

acquired resistance to ixodid ticks has been recognized as a possible means of biological
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tick control. Such immunologically mediated resistance is acquired through subsequent
repetitive infestations by ticks (Jongejan and Uilenberg, 1994). An improved acquired
immunity is expressed in terms of minimized number of on-host ticks, minimized
engorgement weights, and minimized egg and larval production resulting in significantly
decreased tick populations. Acquiring such host resistance varies with on-host tick species,
host breed and depending on natural selection of the host animal exposed to the query tick
species over several subsequent generations (Jongejan and Uilenberg, 1994; Walker,
2011). Previous studies showed that the Tanzania shorthorn zebu is comparatively more
resistant to ticks as well as to ECF (Nchu et al., 2020). Differences in the ability of cattle to
become resistant against ticks, between or within cattle breeds, have been recognized,

considering that the ability to acquire resistance is heritable (Willadsen, 2006).

1.1.11.3 Anti-tick vaccines

Anti-tick vaccines minimize the number of engorging female ticks, their weight and
capability to lay eggs. That means a good vaccination effect is expected to have a
decreased larval infestation in a following generation (Willadsen, 2006). The likelihood of
ant-tick vaccine being more complex could be due to a possibility that the method also
affects the biology of tick-borne pathogen transmission (Willadsen, 2006). In Tanzania
anti-tick vaccines are not readily available to the farmers. However, in countries where the
vaccines are available, the existing vaccines have relatively less impact on tick control
which could be due to a mixture of scientific and commercial reasons. In addition,
pesticides are readily available, effective, well known to farmers, and are actively
promoted by the suppliers (Namgyal, 2020). However, if vaccines of greater efficacy could
be achieved this would lead to greater adoption. Many years have passed since the release
of the first R. microplus commercial vaccine based on a recombinant antigen, Bm86

(Willadsen, 2006). This has been followed by several investigations on related vaccines
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including BD86, Hd86, HM86, He86 Hdr86, Haa86 vaccines (Kumar et al., 2020).
Renewed interest in this strategy has been triggered by the increasing trend in acaricide
resistance together with advancement in bioinformatics (Nchu et al., 2020). Despite the
fact that, the Bm86 vaccine uses an antigen from R. microplus, studies showed that it is
also efficacious against R. annulatus, R. decoloratus and Hyalomma dromedarii but not
R. appendiculatus (Willadsen, 2006). At present, there are no commercially available anti-
tick vaccines in developing countries including Tanzania and thus dependency on acaricide
increases leading to the development of acaricide resistant-tick populations (Kumar et al.,

2020; Nchu et al., 2020).

1.1.11.4 Ethnoveterinary medicine and practices

Ethnoveterinary medicine and practices are based on traditional knowledge that is passed
from one generation to the next. The practices are widely spread across tropical and
subtropical African regions and are particularly preferred by small-scale farmers in rural
areas (Kerario et al., 2018; Nchu et al., 2020). However, cultural practices associated with
ethnoveterinary practices are not well-documented and thus prone to easy vanishing. In
East Africa, out of 47 plant species that have been documented as useful for tick control,
only 14 have been scientifically validated. Experiments aiming at validating the anti-tick
activities of a variety of ethnoveterinary plants are recommended and should be

documented (Nchu et al., 2020).

With regards to all these methods, use of acaricides still remains as a primary method of
tick control in livestock due to their efficient use and availability (Kerario et al., 2018).
However, the challenge of increasing costs and resistance toward different acaricides could
become a major future threat to the use of acaricides. An integrated approach involving

combination of two or more tick control methods is therefore recommended (De Castro,
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1997; Willadsen, 2006). Developing good understanding of farmers about TBDs and
effectiveness of the proposed tick control methods could facilitate successful

implementation of tick control programs (Kerario et al., 2018; Namgyal, 2020).

1.2 Problem Statement and Study Justification

Ticks and TBDs are still major problems in livestock and human health in Tanzania. Ticks
harbor and transmit zoonotic pathogens to livestock, wild animals and humans. As the
transfer of ticks between livestock, wild animals and humans may largely influence general
tick-borne pathogen transmission; there is a need for studies on distribution, infestation and
seasonal variation of ticks as vectors. However, there are still limited studies especially in
Kilombero and Iringa district (Kwak et al., 2014). The existing information on ticks
infesting cattle was reported in Ngorongoro, Iringa municipality, Maswa, Mara, Singida,
Mbeya, Mvomero and Rufiji, which were based on morphological characteristics. This is
the first study in the Kilombero and Iringa district in which molecular methods were used
to confirm the identified tick species to support morphological identification. This study
aimed at providing baseline information on the current distribution, abundance and

seasonal variation of Ixodid ticks infesting cattle in the selected areas using molecular data.

1.3  Research Objectives

1.3.1 General objective

The overall objective of this study was to establish the distribution, abundance and
seasonal variation of Ixodid ticks infesting cattle and pathogens in Kilombero and Iringa

districts, Tanzania.
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Specific objectives

To determine prevalence of tick infestation in cattle in Iringa and Kilombero
Districts.

To establish seasonal dynamics of Ixodid ticks in terms of distribution, abundance
and burden in cattle in the study areas.

To determine occurrence of tick-borne pathogens in ticks collected from cattle in

the study areas.

Research questions

What is the hard tick distribution and abundance in cattle in Kilombero and Iringa
districts?

What are the hard tick species prevailing in the study area?

What tick-borne pathogens are present in the identified tick species?
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CHAPTER TWO

MANUSCRIPT ONE

Distribution and Molecular Identification of Ixodid
Ticks Infesting Cattle in Kilombero and Iringa Districts,
Tanzania

Walter 5, Magesa'”, Isihaka Haji', Edson Einimi®, Jahashi 5, Nzalawahe', Ruodovick Eazwala®
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Abstract

Background: Hard ticks infesting catrle are vectors of Tick-bome dissases that causes majeor public health problems
and considerable socioeconomic losses fo livestock industry i tropical and subiropical couniries. A repeated cross-
sectional study was camied out by collecting ticks on catile during the wet and dry seasons from January to Augast 2021
in order to determine hard tick prevalence, distribution and abundance on cattle, in Kilonhero and Innga Districts of
Tanzania. The collected ficks were idenfified merphologically using published morpholegical keys, under a
sterepmicroscope and confirmed by polvimerase chain reaction (PCE) and sequencing.
Results: Out of 740 examined catile, 304, (41.08%) were infested with ticks. In total 1,780 ticks were counted on ons
side of the wnimal"s body wad dockled, whereby a tofal of 3,560 ticks wers recorded. A tofal of 1,280 tick were collected
from the infectsd catide incloding 109 more tick observed while collecting ficks based op the amimal*s posture when
restrained to the pround Ot of 1,889 ticks, nine species from three penera were identified morphologically, 1,377 fiis in
the zerus Ehipicephaluz, 459 m the semess of Amblyomma and 53 in the penos Hyalomma. Riipicephaiur micrapius was
i i prevalemt 9009, (48.1%), followed by Rhipicephalus evertsi 310, (16.4%), dmblyomma lepidum 310,
(16.4%), Rhipicephalns appendicuioms 140, (7.4%), dmblyomma gemma 120, (69700, Hyalomma mofpes 50, (1.69),
Amblyomma variesamum 10, (1.5%), Riipicephalus decolorarus 18, (1.0°¢) while the least commen was Hyalomma
aibiparmarm 3, (0.2%). Tick diversity was hizhest in Iringa than Eilombers District. Ticks were widaly dismrinted in
different parts of the host bady, the disoibution was highest on zone 4 (n = 1,060, 56.11%) which mchdes (zroin, flank,
abdomen and around irmer thigh of the hind lezs) and least on zone 2 (o= 14, 0.74%) which inchedes back surface of the
body. dmbivomma lepidum amd R micropius species were dismibuted in all the five body zopes and recarded with the
highest proportions on zone 4, 4 jepidum (o= 209, §742%) md B micropius (o= 714, 78.55%). The nine tick species
idenfified morphalogically were identified by molecular method, however during sequencing two species (Rhipicephaius
appendicuiznu: and B decoloranus) bad poor guality sequences and were excluded from the amalysis. The sequencing
resulis indicate high nocleotide identity (26-100%) with sequences available in GenBank and Barcods of Life Database
(BOLD). The phylogenetc analysis of partial mitochondrial OO0 and 165 rENA pens sequences of ticks confirmed the
muarphalogical identification Tick prevalence was hizher in wet season (=148, 41.11%).
Conclusion: The results showed high urden of tick infestation on cattle and this could reduce animal production and
possibly merease the risk of tck-borme dissases. Therefors, it is necessary to explore the epidemdialogical and malscular
aspects of various tick species in other regions of Tanzania
Keywords: Ticks, Disaibution, Prevalence, Burden, Cattle
with great loss in milk and meat production as well as
reduction i hide quality [4].
Background Several ecological factors influence the tick
lence and tation in differsmt of the counfry.
Ticks are ane of the most mportant arthropod wectars and ﬁﬁmﬂmmﬂmmrmﬁ
reservoirs for a wide variety of pathopenic agents such 35 o norapyre and parural disasters and bistic factars 2.z
mnues..haclma mmmmkm host availability, vegetation cover, predatars, pamsites of
£'LL‘E-:51;5';‘-T M;ﬂ‘:l“ lead tg EWBISIVE  affares the availability and diversity of ticks. The pressnce
TREOUICE farmene communities ar absence of ticks is primarily dependent on bumidity and
especially in tropical and subiropical regions where almost  ;picryre copent of a local microclimate. Moreover,
EDM of the worl's cmitle popoltion are reared 23] pirgnmene) conditions are comtimuously changing dus
Tick-bome diseases (TBDs) such as East Coast fever, zlobal warminz, which may alter the distribution
mare than T5h. 72 billion loss anmually [4]. In addition 10 yoyeey activities commibute enly 7.4% to the Gross
the transmission of infectious diseases, ticks e associated  pomectic Product (GDP) and the growth rate of the sector
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is only about 2.6% per anmm [§]. About 65.7% of the
houzsholds are imvobred i agricalhoral activities, $4.9%
are engaged in crops only, while 33 3% enpaped in coops
and livestock and 1% in livestock production only. The
country has approwimately 330 milbom cartle, 345
million goats and 2.5 million sheep. About 90% of
agricuitural houssholds keep livesiock of different kinds.
Almast #5% of cattle populations in the country are rearsd
under traditional apro-pastoral and pastoral bushandry
systems. The Wational Livesiock Policy recopmizes that
apart from contributing to the GDP, the livestock sector
In:amlemphjrmmmnngﬂ-udmmtjr source of
income, providing famers with amd
imvestment opporunites, providing draught power and
moles [§]. The prazing band for the animals is no longer
sofficient doe to mcreased mumber of camle, other
domestic animal: and homan population. Most of the
indipenous cattle are thos widely prazed in prasslands and
woodland: and hence exposed to hiph nsk of fick
infestation [1.7]. The climatic condition of Tanzania is
greatly favoring the development and surwival of several
trk species.

Inodid ticks of the genema Rhbipicephains (B
appendicuiaies, R microplus, R decolorsus) and
Ambiyomma (4. variegarim, 4 lepidum and 4. gemma)
are the most important and widely distribufed tick species
found in many parts of the country where cattle are missd
[B.9]. These fick species are impertant vectors of TBD
pathopens reparted in Tanzania and bordering countries.

When compared to the smdies in other coumimies,
Tanzanig's Gois o0 thkk epidemiclogy and zemedc
diversity is limited and insofficient [10]. Stodies related to
tick infestation and species r_nmm:iliuu have besn
conducied in Nporonporo [E]. Innga, [9].
Muvomero [11], Buofiji [7]. Mara, Singida, nndh![hﬂ'a[l]
However, their imformation & limited to morphological
characters. Stadies hawe successfully demonstated that
mitochondrial DNA provides useful markers for stodiss
on phylogenstic relationship of ficks.

Tick problems hawe been reported in Kilombers and
Irnpa Districts. There iz msufficient information on
molecular characterization of ticks. tick prevalence,
dismbution and mfesiation on cattle i Kilembers and
Iringa Districts. Therefore, this stady aimed to determine
tick prevalence, distribution and infes@tion on carttle, at
Kilombero and Iringa Districts of Tanzamia.

Mlaterial and Alethods

Description of the study area

The smdy was conducted im KEilombero and Ininga
Dismicts in Morogore and Innga regions respectively in
the Southern Highlands of Tanzania Kilombero distrct is
one of the six administrative districts in Morogoro region
and is located between & * D0'-16 " 5 and 36 ° 4"346 °
4!' K, with dewiios moging fron 251 to 35 m sbowe
s=3 level and covering an area of 14244 km? in the region
[12]. The climate is marked by a raioy season from
November to May and a dry season from Fume to Cctober
with amnual minfall anging from 1200 to 1800 mm.
Averape amnual temperatarss in Kilombero district rangs
from 2o=d °C. The caftle populstion was absut 157,000
[6]. The sampling willages in Eilombero district were
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Merera Tdunda, Sapamaganga and Lufula (Fig. 1). Irnga
district, one of the seven administrative districts in Irnga
region is located between 7™ 45°23.74™ B md 39 " 41°
S5 B apd covers an area of 20,576 km® with an
elevation ranging fom 200 o 1300 m abowe s=a level
The climate is marked by a miny and cooler season from
Nowember to May and a dry and cool season from June to
September. It generally receives annual minfall of about
S00-1600 mm. The sverage anrual temperatmre in Innga
disirict ranges from 20-15 “C. The lowland zone in Iringa
district is characterized by low mean ammuoal minfall of
abennt 500500 mm, and temperamures of abour 20-25 °C
[4). The land is mesily ecoupied by the Natonal parks,
forests, rocky mountains and water bodies. The district
had the third largest mmmber of caitle in the region and
they were nearly all indi . The population of cattle
was about 150.810. Most of the animals were indizenoas
reared under waditional system, larpely free grazing and
tethering. The sampling villazes in Iringa Drismict were
Mapombwe, Eisanga, Fitisi and Malizanga (Fig. 1).

Sample size estimation
Sample zize was estimated by using CDC Epi info
software version 7.2.4.0 adapting the following formmala;
0= ([Zeal = pa) + 4%, where; n = required sample sizs;
nmria = £ pmes = 108 at 96.TH omfidenos irierl; & =
probability of tvpe 1 emor (0.05 sided); p = estimated
prevalence of catile with ticks (30%) [1]: g = Power (1 =
pl d = Margin of emmor for expected confidence level
(33%). Based on this soffware, the minimuwm regoired
sample size was 739 cattle of all ages and sexes present in
thie stody areas.
Stndy desipn and sampling method
A repeated cross-sectional shudy desizn using qualitative
and guantitative methods of dafa collection and analysis
was a Tick wWas both in wet
(Tammary and May) and dry (July and Aupuost) seasons of
the year 202]. The two dismrics were purposively selected
a5 they are bordering the wildlife conservation areas and
eEisting previous engagements with the villages during the
past bealth for amimal amd livelihood improvement
studies. The eight sthady willages (four from each disirict)
wers also purposively selected Three herds located
approximately 5-10 km apart and having at least 40 cartle
were conveniently selected from each willape with the
assistance of Livestock Extenmsion Officers (LEQs)
iding the information on arsas where pastoralists have
sertled with their animals.
Tick collection and connting
Charing feld wisit twenfy cattle wers randomly sslected
from each herd and manually restrained by the help of
herdsmen to allow physical examimation and fick
inspection [13]. Dariog thic Inupwetion the anlnel's bty
was marked into five body zones; zope 1 (Head., ears, flap
of skin on lower surface of neck and wentral surface of
thorax], zone 2 (Back surface of the body), zone 3 (Side of
main body and area between forelegs and body), zone 4
{Groin, flank, abdomen and around irmer thigh of the kind
legs), zone 5 (Perineum including arsas betwesn amus and
genital organs). The animals were then visually mspected
for ticks all ever the body sites. Additional information on
animal health statos (bedy condition score), age, sex was
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recorded and frequency of fick comfrol and tick comdral
mefthads wsed in each bousebold were also obtained from
the herds owner and recorded [1]. Tick urden om each
animal was obiained by counting the mumber of ticks fram
one side of the body and the results were mulfiplied by
two to represent the tick burden on the whale body of the
amimal as desmbed by Fehman [3]). Ticks were then
renrrred froen Jfiffiorest prodiloction mics of G sninal's
body marked as zone 1-3 using blunt ended forceps [14].
The forceps were used to grip the tick firmly ower ifs

=1 - s
h I I

scutnm and mouothpants as closely to the host skin as
possible, then pulled strongly and directly out of the skin.
All ticks from each zome were pooled together and
transferred into respective empty 15 ml falcon tobe and
kept in a dry shipper (MVE vaper shippers, Bomgasse 20
35619 Braunfels, Germany) to mmobilize the ficks umntil
soriing af the Health for Animal and Livelibood
laboratory at the Colleps of Vetennary Medicine and
Biomedical Sciences, Sokoine University of Apmiculare
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Morphological identification of ticks
The preserved ticks were taken from -BO°C (Ulma-low
temperature freezers, Thermo Fisher Sciemtific, Maristta,
OH 45730, USA), rinsed with 70% ethanol then distilled
water followed by bnef drying on paper towel. The ticks
were sorted by sex and pensra based on the pressnce or
absence of banded leps, coloured or patterned sontum and
conscuum, presence of absance of festoons and eyes and
slupesufllemmntpinsmmgmagmfymgluldlmsm
saried  ticks were then idenfified wusing puoblished
mnrphuhglulhﬁfuﬂ:ﬁxmhth[lsm] The ticks
further merphalogically identified fo species on a

stereomiroscope (Bronel Stersomicroscope Lid, UK) by
experisnced laboratory persomnel at the Pamsitology
laboratary in the Department of Veterinary Microbiology,
Parasitolopy and Bwitecknology at Sokoine University of
Agmiculiure,

DNA exiraction and molecular identification of ticks
The DNA was extracted from 42 ticks, (1-5 ticks from
each speries) Andomly selected from the nine tick species
inirially identified by marphological characters. The DNA
exiraction was performed using Cuick-DWA Minprep Plos
Eit (04068, Zymo Research CA USA) according fo
memfsstorer"s  imsmuctions. The exmaced DA was
ehited m 30 ul of DMNaseFNase-free water and stored at -



B0°C for subsequent use for PCE [17-19). The fick speciss
were confirmed wusing convemfional PCE  tarpeting
Mitochondrial Cytochrome ¢ Cridase subunit 1 (CO1) ar
155 rBNA as DA barcoding genss for salected members
of tick species and those which were found difficult to
identify fo species level morphologically [13,20.21].

The frazment of CO1 gene was amplified wsing primer
sats Coxl-F- (- GGA ACA ATA TAT TTA ATT TTIT
GG-3") and Coxl-B- (F-ATC TAT OOC TACTGT AAA
TAT ATG -3*) amplifying approximaiely 30 bp [2X].
The 1465 rEMNA gene was amplified using primer sets
T165-F- (5-TTA AAT TGC TGT RGT ATT-37) and
TI65-R- (5-C0G GTC TGA ACT CAS AWC-3)
amplifymg approximately 455 bp [13]. The PCR
amplification: were performed o a toml reacton wolme
of 25 2.5 pl of 10X PCR bufler, 0.75 ul of
50 mM MzCl, 0% 1l of 10 b INTPy, 1.0 il (10 pll} of
wach Ewrwerd sl revane prfmer, 8,14 Pl of Platimm Tag
DNA Polymerase (Invitrogen, Carlshad, CA. USA), 17.15
Al of Mokcouker prads walor sl 2 pl of inplaio DNA n
a thermal cycler (SimplidAmp thermocycler, Applied
Biosysiems, Thermo Fisher Sciemtific Inc). The cycling
conditions for CO1 were as follows: 95 °C for 5 min
followed by 45 cycles of 95 °C for 30 5, 54 °C for | min,
72 °C for | min and then 72 °C for 5 min [21]. For the
155 rBEINA, the cycling conditons were as follows: 84 °C
for 5 min, followed by 45 cycles of 94 °C for 30 =, 50 °C
for 45 5, 71 *C for 45 5 and then 72 °C for 7 min [33]. A
nepative control with ddH:0 m place of DNA was
inchided in each mm. The obtained PCR WeIe
separated oo a 1.5 % (wiw) agarose gel m 1x TBE buffer
[(SERVA Elecmophoresis, Heidelberg, Gennan) smined
with el red (Phonex Research Products, Candler, TT54)

The PLE products of C01 and 1465 rBENA fazments were
then sequenced nsing forward and rewverss primers wsed to
generate the PCE products. The sequencing reactions were
performed in the DMA Master cycler pro-384 (Eppendorf)
using BigDye Termimater Cycle Sequencing Eif wersion
3.1 (Applied Biosystems, Foster City, CA) following the
profocels supplisd by the mamufacturer. The fheorsscent-
labelled fragments were porified uwsing the BigDye
XTeminator Purification Kit {Applied Biosystems, Foster
City, CA). The samples were mun for electrophoresis im an
ABI 3730u] DNA Arnalyzer (Applied Bissystems, Foster
Ciry, CA).

Diata manapement and statistical anabysis

All data collected in this stody wers stored in a compufer,
using Microsoft excel softwars version 2100 where they
were sorted and checked for completion before doimg
statistical apalysis. The ags of caftle was grouped imto
oulves (< & {7 to 24 months) and adulis
(= 24 months) [1.24]. Catle bealth statos was obfined
mmandannﬂﬂuuSmrE(HCSj The BCS was
cate into poor (BCS 1 and 1), average (BCS 3) and
good (BCS of 4 and 5) [1.24]. The prevalence of fick was
determined by dividing the number of infested cattle by
total oumber of catfls examined and was expressed as
percentape. Descripiive sfatistics on fick prevalence dafa
was using Epi Info software wersiom 724
(CDC. Atlanta, USA) to compare the difference in tick
species proporntons befwesn the study areas and seasoms.
Flaar's cxact font s pociozmed % detent e difference
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befween the proportion of hard tick species and the stody
areas and seasoms. The tick species coomt was used as
dependent variable while district and season were used as
independent variables. Coe-way ANOVA was performed
to compare mean fick burden between wariables (g
Cattle ape proups, BCS apnd frequency of tick control).

The p-wahie (0.05) was considersd statistically siznificant
im all statistical tests.

The obtained DMNA sequences were compared with the
sequences on GenBank dafabase usimg Basic Local
Aliprment Search Tool (BLAST) fo obfain sequence
similarities (hitps:/fhlast.ncbi nlm nih zow (ocessed on 23
December 20217). The gualdy of sequencing
chromatopram was checked using Seguoence Scammer
Version 2.0 software (Applied Biosystems, Foster City,
CA). The reverse complement and forward macleotide
sequences delimited by reverse and forward primers
sequence were alipmed to obiain a conssmsus mucleotide
spquence using Bioedst wersion 7.2.5 (This Biosciences,
Carlsbad, CA). The comsensus pucleotide sequence was
used m BLASTn to search for mocleotide idenmtity im
comparizon  with avallable nucleobide sequences at
GenBank databaze The pocleotide seguences were then
analyzed wsing Moleoolar Evolutionary Genetics Analysis
(MEGA) X softwrare [25] and alipned using Clostal-W o
defermine the similarity between the sequences. In
addiion, representagve CO1 and 165 BNA nck
sequences from previeus stodies were downloaded from
GenBank for phylogenetic analysis. Multiple sequence
alipnments were performed and the neighbar-jeinme (M1
method was used to consmuct the phylogenstic tres in
MEGA X [15-23] The -EH'I:I-II.I:I:HI].!.[]" d]slimces ‘were

remawed for each seguence pair. The confidence values
for individual bramche: of the resulting mees wers
determined through bootstrap valees with 1000 replicates
to statistically support the nodes on the tres.

Ethical approval

The ethical approval for this research was obtined from
Ethical Commitiee of the Sokoine University of
Agriculturs, permit mumbeT
SUAADME 1/EATI4 15/02202]. The permission to
carry out this study in the respective stody sites was
granted by the local zovemnment through Distmict
Vetennary Officers in Kilombero and Innga Districis.
Aximal avner's conasois wers o verhally pelar 1o
data collection The smdy was conduwcted with full
approval from household ewmers, district councils of the
stdy arsaz and the Sokeine University of A pricultre

Remult=

A total of 740 cattle were examined for tick infestation,
(45.68%, r=338) from Kilombero dismict and (34.32%,
o=402) from Innga distnct. An overall tick prevalsnce of
(41.08%, n=304) was recorded in the study areas. The tck

e in Eilombers district was (41.42%, p=140) and
(40.80%. n=164) in Iringa district. both were nearly equal
to the overall fick prevalence and no sl differemce
obzerved (@ = 0.05) (Table 1). In wotal 1,289 ticks were
collected from the infected caftle whersas, after counting
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ticks rn mma slds of the snimel's body snd doublad & brial
of 3.560 ticks were recorded. Season wise, tick infestation
prevalence was (41.11%, p=148) dunng the wet seasom
and (41.05%, p=136) during the dry season (Table 1).
Tick infestation was highest in male (44.02%,
0=07) than female cattle (39.92%, p=211). Based on cattle
age groups, tick infestation prevalence was highest in
calves (age § & memths) (31.61%, p=16). followed by
adults (age = 24 maonths) (40.91%, 5=214) and juvenils
(age 7 o 24 momths) (39.78%, =72). With cattle health
stafus, fick infestation was highest on catile with average
health condiion (41 78%, p=216), and least in poor
(39.82%, p=45) and cattle with good health condition
(39.09%, n=43). Moreover, tick mfesfation prevalence
was almost equal between the tck commol frequency
categories (Table 1). Thersfors, thers was oo statstcally
significamt difference in tick infestation prevalsnce
between the two seasens, caifle sex, age groups, health
categonies and tick control Sequenciss observed in this
shady p = 0.05.

Of all tick species identified, Rhipicaphains micropins had
the hizhest prevalence (48.1%, o=909), followed by
Rhipicephaius everrsi (16.4%, o=310) md dmbiomma
Jepidum (16.4%, p=310) whils, Hyalomma albiparmaim

mmm;mmmm n=3} (Table 2). Season
wize, Rhipicaphalus micropius was recorded with the
Iug;hﬁtpmpmlmmmlmgﬂmwetmsm 598% and
35.1% during dry season, followed by 4. lepidum which
had a higher proportion 19.3% dunng dry and 13.8%
during wet season and R, @verrsi had a higher propartion
20.8% duning dry comparsd to 12.4% dunng wet season
The least fck proporton was obsarwved inm H
aibiparmanm with a proportion of 0.3% during wet and
0% during dry season (Table 3). In general there was
statistically sipnificant differemce between the seasons on
the proportion of B micopins, B everso, R
appendicuiatur, B nyfipes, and 4 lepidum (p < 0.03)
(Table 3). On the other hand dmbiyomme gemma, 4
variegaiim and B decolorams had a higher propontion
during wet than dry season howewer, the difference was
not significant (p = 0.05) (Table 3).
Far the case of mean tick burden, a higher overall mean
tick barden of 12.07 = (.91 was observed in Eilombero
compared to 11.40 = 100 in Innga distmct however, the
difference was not smtistically significant (CI = 93%, p =
0.640). Mean tick burden on cattle was higher during wet
than dry seasom howewer the difference was Dot

statistically sigmificant (p = 0436) (Table 4).

Tsble 1. MNumber of cartle examined, imfesied cofte and tick infestation prevalence with respect io disorict, sesson, catile sex, ape, snimal healith

stuiws and tick comivel frequescy -
Namber of canile Number of caitle
Irmza ] 16+ 4180 DuB6+
Eilambar 338 140 4141
Seasom
Dy 380 155 4105 0RET
Wat 360 148 41.11
Caitle max:
Famals 33l i ] L 0308
Mk o1 (L] 4402
Cattle age group
Adnlt 52K 216 4141 0240
Calf 3l 16 j1.81 0217
Jmezil 161 7 ITE 0TER
Caitle baalth siams
Arrage 517 s 41.TE 0SB
Good 112 43 3900 0811
Poor 113 45 I0E: (i 14
Tick comirol
W 135 56 4148 bEH
Eimeakby ] 112 48 0B
Maonthby 15 &5 4221 0201
Oocasionalby 133 M .80 BB+
Lnknowm 4 10 4167 (.BET
I _ I I
Table 1. Sex ratic and for the identifisd tick species collecird om cuttle from Kileenbare and Irines disict:. Mals Female {F).
Tk mpecie: Afakes Female: L F Total tick Prevalence (Vi)
Ambfporna gemen B8 1 151 12 64
Ambfposnna lepldam 47 & EL°H | £ 164
Ambfporna s pomm 4 13 L1l ) L3
Hyelommy aliparaen s 3 L] 30 3 02
Hyanlomimd Fufines n 1E 1E1 0 16
Ripivephalus aopenion hine 45 a3 121 140 74
Riipicephatus decodonass o 1B k1% 18 14
Rbipiceplaias svwersl 1BE 1z 1Xx1 k3 0] 164
—pcepholusmicroph & m6 L % 51
- _ I - I
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Table 3. The and coumts of hard ticks from Kilombero and Irises Diziricts amdd woet semsem
—_ Semon _ Diztrict
Dry (%) Weat(3)  povalme Irimga ()  Kilombers (%)  povale

T

Ambfporrma BiEI) B4{4E5) 02l HETE 122.6) 0000

LT nES N0 13 (100.0) o(od)

fIm— BOEIE) (M3 501 (36:4) £76 (3.6

Thck mpecies

A pewuey (18 Te(T.1) 0219 11820 1{0E) 0000

A. lepicm 173 (18.3) B3T{35) 0001 306 (PET) 213 0000

A variegatum 12{1.3) 17T 037 5 T241) 04

H. aitdparmansm Qm EL K ] 0252 3 (100 0 0. 052

H. rufpes nEs 18(L.E) 02l H0e0m 00 0000

R appendiculass 135 18019 G000 137379 IRAL 0000

R. decodorarus ST 121.2) 0246 14(778) H{22) 0055

R wverest 157 (208} 123(124) G000 306 58.T) 213 0000

R. microples 36353 | (HE) G000 H4E BE5 (95 0000

Table 4. Number of catile infested, Total sumber of ticks, Mean tick bardes per capie = standard error of meas (5E) with respect to distrct,

cutde amimal bealth stums and tick conmel
Variable: Mo of cable  Tick comnts  Miean fick borden = SE  Sod Der t'ri-
Dhestmict
Innga 184 1870 1140 = 1.00 1276 DuEXS
Eilasham 140 ji. =] 1207 £081 1080
Seasom
Dy 156 i 1119089 1233 PR S ]
Wat 148 1B14 1226087 1140
Caitls sax
Farala b I RS 1078073 10,56 nms
Mals ol 1374 1385147 1414
Cattla age group
Adnlt 116 164 129 085 1244 a3
Calf 18 160 1000 +288 118
Fnmile T a5 1036118 lon2
Caitla haalth stains,
Arvorage 116 1354 1108075 110 [ |
Good 43 24 4512271 1444
Poor 45 42 1204£185 e
Tack comiral
w 1.3 15 611077 iTs (il i v]
Biweakby 118 1518 12772101 1.
Mlonthhy 5] L] 1483 +220 17.74
Oocaially 34 350 1015085 655
Tinkeoram 10 188 1560 =281 o1

Amonz the tirks collected from Eilombers district,
ipicgphalys micropiys was the most abundant tick
species (07.4%, o=B63) while 4. jepidum and R everssi
were the most abundant species of all ticks collected on
caftle from Innga distnict each (30.6°%., p=306). In
addition, Hyalomma aibiparmatum (100%, ©=3) and H.
ryffoes (100%, p=50) were enly recordad in Iinga district
while none was recorded in Eilombera. For H. ryfipes, the
difference m proportion between the two distocts was
statistically sigmificant {(p < 0.05). The other six tick
species inchoding. 4. pemma, A lepidum, 4. variegaum,
E appendicuions, K decolorans and B everts were all
recorded with sipnificantly higher propertions in
district compared to Eilombero district (p < 0.05) (Table
3). Rhipicephalus micropius was the only species recorded

with significantly higher proporion in Kilombero district
than in Innga district.

With regards to cartle sex, age group, health smtos and
tick control freguency, a sipmificamtly high mean tick

marden of 1385 £ 1 .47 was recarded in male as ¢

to female cartle 10.78 = 0.73, (p < 0.05) (Table 4). The
highest mean tick burden 1139 = 085 was recorded in
adult catile (>34 months) as compared to calf (= 4§
months) and juwenile (7 to 24 menths) which had mean
tick turden of 10.00 = 2.98 and 10.36 = 1.18 respectively.
In general, there was oo statistcally sipnificant difference
in mean fick burden between the catie age groups (p =
0.403) and between the cattle health statns proups (p =
0:221). Based on fick comfrol frequency catepories, a
significant low mean tick burdem (611 = 0.77) was
recorded oo cattle with weskly tick conirol
frequency (o< 0.001) (Table 4).

With regard oo tick dismibution, there was high tick
species diversity in Ininga than Kilombere district (Table
5). However, in Kilombero district, B micropiur was
highly distmbuted in all sampled villages as compared o
Imnza dismict Amoeng the five predilection sifes oo
catile*y body, ticks were distriboted in all the five body
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zones. Tick distmbution was highest oo zone 4 (36.11%. n
= 1060) which inchides in, flank, abdomen and
around irmer thigh of the hind legs), followed by zome 5
(23%. n=451) and least om zome 2 (0.74%, o= 14) which
inchides back surface of the body. Ambiyomma lepidim
Tahble 5. The disiribuiion of the ok ez collecied on cartle from

Trimza

and Ripicaphalur micropins species were distribuofed in
all the five body zomes and recorded with the highest
proportions on zone 4 (inchading, 4 Jepidum (§741%,
p=20%) and R. micropius (78.55%. n=T14) (Table &).
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For molecular identification of tick species, a total of 42
representative ticks, (1-5 ficks) from each species were
randomly selected for melecolar analysis. The nine tick
species idenfified meorphologically were also identified by
molecular method however, during seguencing wo
species  (Rhipicephalus  appendicwlanis and R
decoloratus) bad poor quality sequences and were
excloded from the amalysis. The CO1 was
successfully amplified from 9288% (p=39) of the
selected-on  host doks. The 165 rBENA pene was
successfully amplified from 1007% (=8 inchuding 3 of the
samples with noreliable CO01 results and 5 more samples
that were successfolly amplified by CO1. The
amplification of approximately 455 bp sequence of 165
BMA produced the expected amplification . The
mdmudeumufhumndimm
thiz stody were submitted at the GenBank and

with accession mmmbers [(OM274108 - OM974112 and
OBLOTE262 - OMOTE2G).

Based on the CO1 gene saquences, dmbjyomma semma
from this sdy (GenBank accession oo, OMI74111) was
1007 identical to 4. pemmg isolate sequence from Kenya
[BOLD: ARAKI131-13) The 4 Jgpidum sequence

: OM974112) from thiz shdy had the closest
identical (B9.57%) 4. jepidum isolate sequence from
Eenya (GenBank: KEPIETT73). Hywlomma aibiparmatum
sequence from this study (GenBank: OM974110) had the

closest idenfical (B§.08%) H albiparmarum isolate
sequence fom Ismael (GenBank: ETT130578), whereaz, the
H myfipes seqguence from this {GenBank:
OM974109) had the closest identical (09.74%.) H. ryfipes
isolate sequence from France (GenBank: EI00005643)
Bazed on the 165 rEMNA pene seguences, B aversi
sequence from this stody (GenBank: OM978262) had the
closest identical (100%:) B evertsi isolate e from
Zamhbia and Tanzania (GenBapk: LCG34571 and
MIN961124) respectively. Ambiyomma wariggamm from
this sdy (GenBank: OM272244) had the closest identical
(99.47%) 4 variggaium isolate sequence from Ethiopia
(GenBank: MMN150175). Lastly, the 165 rENA gene
e of B micopins from this study (GenBank-
OMI78255) had the closest idemtical (100%) & micrapius
izplate sequence from Uganda and Colombia (GenBank:
EY6E846] and MING50728) respectively.
Phylogenetic anabysiz based on mitochondrial CO1 and
165 rFMA mucleotide seguences of the identified tick
species was performed to  determime the pemefic
relationship between the mucleotide sequences obfained in
this stody and reference sequemces obfained from
GenBank. Aliznment of CO1 gene nocleotide sequences
obtained from each tick spedes m this stody showed that
the sequences were 100% identical Similarly, the 165
gene nocleotide sequences obtained from sach tick spedes
were found to be 100% identical. Therefore, a single
sequence from each tick species was selected for



phylogenetic analysis. In both mitochondrial CO1 (Fig. 2)
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clusters were observed with all the nodes stromgly

and 16S rRNA phylogenetic trees (Fig. 3), four major  supported by high bootstrap values.
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practices including strategies and awareness of the farmers
on application of acaricides through hand spray [24.30]. In

In this study ticks were prevalent in the study areas and a
hizh overall tick prevalence was reported. The presence of
tick species and the high tick infestation prevalence in the
study has been reported in other areas of Tanzamia and

this study season had no significant effect om tick
prevalence, suggesting that cattle are susceptible to tick
infestation during both wet and dry seasons. In the current
study, cattle sex had no significance effect on tick
prevalence on cattle. However, the slightly higher
prevalence on males may signify the male cattle are less
resistant to ticks than female, and this could be attmbuted
10 testosterone in males, which reduce innate and acquired
resistance to tick feeding [31].



The findmzs from this shady magpest that male catile counld
e mors likely challenged by tick infestation as a result of
high fick prevalence. Ape group had no significance effect
on tick prevalence on cattle. Although cattle age group
was not significantly associated with tick prevalence, it
wa: observed that calves were slishtly more bof not
siznificantly susceptible to tick infestation tham other age
proups. In this stady, animal health condition bad oo
siznificance effect on tick prevalence on carttle, suggesting
an equal tick challenge by tick infestation to all cattle
health groups. Thiz could be due to the fact that all
amimals from the health categories walk for long distance
to be prazed in the field and kept together at home, as a
mesult all groups were equally susceptible o tck
infestation. Similar findings among cattle bealth groups
was reported in previous shadies [1].

In this study tick coofrol frequency had no siznificance
effect on tick prevalence on caftle Although the use of
acaricides was oot significantly associated with tick
prevalence in this stady, cattle fom herds where
acaricides were nsed oo bi-weekly basis had the least tick
infestation prevalence. Ticks were found in all cattle herds
sugpesting that acaricide resistance could ecour. Finding
from this sdy sogpest an equal challempe by tick
infestation to all tick contral frequency groups.

A siznificantly higher propartion of £ micropius recorded
in Kilombero District (25.16%., n=8853) as compared to
Imnpa District, could be due to favourable climafic
condition in Eilombers, which is marked with annual
ramfall mopme from 1 200 t0 1 200 mm and average
annnal femperatires @ANZng from 26-38 “C compared to
500 to 1 §00 mm and 20-25°C in Innga dismct. In
addifion, the shady area lies along Eilombers valley i the
lowland mnging from 270-300 m asl. The househaolds are
also scattered and dispersed m the study areas which may
limit the interaction between the animal herds resulting m
less dismibution of other izodid ticks. Similar findings
hawe been reported in other part of Tanzamia [7.31].
Previous studies im Sudan have shown that this tick ecours
in bumid localifies with steppe areas that have hot dry
seazons [15] Rhipicephains micrapius and R decoloranus
are important vectors of Babesia bigeming and Babesia
Bboviz that canse bowvine babesipsiz. Moreover, they are
vectars of dngpiasme morgmale that causes bovine
anaplasmesis. However, . micropius in terms of contral
manazgement is known to be more resis@ot fo many
acaricides. '['IlEEIim;pu:uesn[rl‘_lf ocor together due to
interspecies competibon im spite of their similamfy in
temperaurs and rainfall reguirements [1].

The tick species in this study were present both in dry and
wet ssason except H. aibiparmaiim which was enly found
during the wet season. dmbjyomma lepidum, H. nyfipes, £
appendicnlans and B eversd were both prevalemt on
cartle during the dry season while, 4 pFemma, 4
variegaium, B decelorams and B microplus were more
prevalent on catfle during the wet seasen. The results
show that thess ticks ¢an maintain themselves under
certain condition and pethaps ocour seasonally. Findings
from this study hawve showed a clear seazomal vanation
demonsmated by B micropius, with sigpnificamtly high
infestation occuming during the wet season [7). This
sugpests that environmental factors such as mminfall,
tempeTaiure and relative bumidity have great influence on
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the population of ticks as observed i the previows reponts
fom Tanzania [33.34] The absence of sigmificamt
difference in proportions of the other thres species
including, 4. gemma, 4. variegaimm and B decoloratus
befween the seazons suggests that their activities are less
affected by weather parameters [15]. The few numbers of
H  glbipormatum collected indicate that climatic
conditions and other unknown facters in Eilombero and
Ininga districts are not favourable for this tick species fo be
ahle to establish itself and adopt the climatic conditions.

The small difference in fick abundance obssrved betwresn
the two distmicts could be due o similar agroecological
seffing amd animal bushandry practices mcluding
sirategies and awaremess of the fammers on application of
acaricides through hand spray [24.30]. Likewise, such
munﬁnlhrdmufhndidﬁckswurqnmdfmm
different pants of the country in Mara (3580 =
4.30), Sinzida (129 =2.10) and Mbeya 7.0+ 0.40) [1]
The hizher mean fick burden per amimal during the wet
season could be doe to high bomidity and low tempemamre
range that facilitate the growth and swrvival of dcks at
repared in the previows stadies [36,37]. The hipher tick
infestation in male cattle may siznify the male cattle are
less resistant to ticks than femals and this could be
attributed to testosterone in males, which reduce innate
and acquired resistance to tick feeding [31]. The findmgs
from this shady soggest that female catile are less likely
challenged by tick mfestation as a result of low mean fick
mrden. Smoilar finding has been reported i the previous
studses [18]. These findings are not consistent with studies
reparted in Mara, Smpida and Mbeya regions, Tanzania
[1]. Pakizstan [3] and Eastern Ethiopia [39].

Age proup had no sipmificant effect on mean fick burden
per animal (p > 0.05). Finding from this study suggest an
equal challenge by tick nfestation fo beth cabves, juvenils
and adult catile. Calves hawe lower but not sigmificant
mean fick burden per animal than adults and juweniles.
Adult and juwenile cattle were grazed in grasslands and
bushy areaz located far away from the howseholds. The
calves nsually do not zraze with adult catfle mther praze
near the house, thus reducing their chance of contacting
ticks. Similar findings hawe alse been reporied in
Neorongoro, Tanzania [37], Central Nigeria [1,36] where
calves wers prared separately from adulis.

In the present stady mo significant effect of cattle health
stahzs was obsarved oo mean tick burden per animal (p =
0.0%). Thiz conld be dus to the fact that all the animals
walk long distance to be prazed in the fSeld and kept
together at home, as a result all gFroups are equally
susceptible to tick infestation. Similar findingz among
catfle health groups was meparted im Mbeya region,
Taprzania [1]. This was oot consistent with previous
studies m Ethiopia [40]. The sipntficantly lower mean fick
mrden obzerved on the cartle reported with weekly fick
control frequency could be atributed to the fTequent
application of acaricide to control ficks on catie by hand
spraying. A similar observation was reported in Mam and
Mbeya regions, Tanzania [1]. However, when using hand

ing method, the acaricides do not reach the hidden
parts of the amimal body, as a result not all ticks are killed
[#1]. Acancide application and other means of tick control



like rotational grazing. hand picking, pasture buming and
and TBDs on catile and reduces tick burden on larps scale.
However, their practicability is still not promising [11].
The tick species found in this stody had a zreat diversity
and widely distmbuted m Inmza District as compared to
Kilombere Dismict. This could be afmbuted by the
average ammoal temperatone in Iringa which ranpes from
10-25°C, a low mean anmual minfall of about S00=500
mm and the elevation that ranges from 718=-845 m asl in
the sampled arsas which favours the reproduction of these
tick species [B]. Forthermare, the area was chamacterized
with trees, short shrobs and prass cowver which could be
favourable for the sumival of the imodid ficks [E] In
addifion, exfensive livestock pRZing practices puf more
pressure on the land resources which results in the need of
contimious movement of large number of livestock i
search of water and pasture. This often brings livestock to
share the pastors with wild animals m the wildlife-
lwestock imterface ecosvstem bordering the comserved
area of Foaha Wational Park [42-44]. Prewious stodies
hawve also reported the presemce of izodid ticks in catde
and wild animals in Innga Municipality [9]. Ixodid ticks
hawe been reported in Livestork and wild animals soch as
zebra, buffale, elephant, lecpard, anfelope and warthop
[2.45]). Thess findinzs soggest that these ticks could be
predominantly found on animals that live in and around
wildlife-livestock interface bordering the Foaha National
Park. As a result, the above factors could have sponsored
the preat diversity and dismbution of the Ixodid tck
species in the stady area. The lower mumbers of A
aibiparmam bas been previously reporied in some parts
of Tanzania [8,34].

The highest mumber of tick on zone 4 which inchide proin,
flank, abdomen and around immer thigh of the hind legs
may be attribuwted to that fact the external gemitals and
ingFuinalzrein region of the body are highly supplied with
bloed. thinmer and shert hair skin. Ticks usnally prefers
thinner and short hair skin for mfestation as this help easy
penstration of mouth parts into richly wesicular arsas for
blood feeding [44]. The higher proportion of ticks in thess
predilection sites could be due to high supply of bleod and
are difficnit to reach by hand spray which was the methed
of application of acaricide for tick control as was reported
in all the study areas. Similar findings have besn reported
in previews stodies [24,40). Findings from this shady were
similar and confirm the report of other mvestgators
[24.39.47]. In peneral maest of tcks in this sody were
observed to infest sites with shonter hair and thinner skin
These sites could fadilitate pensiration of tick mouth paris
and allow better access to the blood circolatory system for
feedinz [48]. Moreover, dismbution of izedid deks in
pheromones which emanate from the amus, coxal plands
and female genital aperfure contrel other behaviours sach
as agerepation, clasping and aftachment dunng mating
aftraction amd potental mate recogmition M males,
mounting and copulation [33,49]. Furthemmaore, a varsty
of factors such as bost diversity, interaction between tick
species, time and season, and inaccessibility of grooming
determines the stachoneom of tole on te heat's skine
[40].
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The higher mmmber of males than females observed im
Amblyomma and Hyalomma spp. could be doe to their
preference on the selected animal body zones (inchiding.
fore flank, proin, udder, scrofum), forming chusters with a
few females resulting in a conceniration on more males
than females on the attachment site. The hipher mmber
of females than males of Riupicaphaius ppp. could be due
to the observed difficulty in collecting male ticks fom the
host animal becanse of their smaller sizes [13,34.36].

In this stody the mitochondmal 01 and 165 rRNA genes
were successfully amplified and these makes the first
barcoding sequences of Ixodid ticks repormed fGom
Eilombero and Iringa districts, Tanzamia. Similar fmdings
have besn reported in the previouns studies from Brazl
[50]. Republic of China [22], Tanzamia [29], Uzanda [23],
and Malaysia [51). The small sequence differences
observed in this swdy could be due to i i
vanafions and in some cases, it could be due to low
sequence quality m few of the samples, especially when
macleotides with weak sipmal were present in a seguence
[22.5Z]. The observed low noclestides sequence identity of
96.08% compared to the respective reference segquence in
the GenBank for H albipormamum in this shdy most
lkely reflects the presence of iDi@a-species penstic
variation betwesn tcks from the same speciss adopted to
variows peographical repions of different coumiries as
described by previous shadies [53-35]. Interestingly, the
repistered sequence data of mitechondral 001 barcoding
gene of 4. pemma were oot available oo GenBank,
howewer &t was available on BOLD (www.
barcodinglifeorg). The lack of cooesponding
mitechondrial COl gens ssquences in (enBank for 4
pemma and inm@-species genetic vanation could be
considered ope of the limitations of the m.ulecu]x
approach for tick species idenfification [35].
evolutionary and phylozenetic analyses nft'ﬂ;su:ing
DA barcoding system could be ufilized i discriminate
taxonomic fraits like lifecycle and merphological
characters should be comsidered i additon to ome or
several genes when a new species of subspecies is to be
desipmated.

Concluzion

This shady reparts the abundance and distmbution of
Ixodid ficks on cattle n Kilombero and Innga districts.
Rhipicephalns micropiuz was the most abundant species
mdhanamdegmgmphcmgemﬁ]lomhemtlﬂia
higher proportion the wet season It showed a
higher mfesfation prevalence on catile in the study area.
Rhipicephalus evertsi and Amblyomma lepidum were the
most abundant species and hawve a wide geographical
range in Iringa with hizher proportions during the dry
season. Morphological and melecular identification of
ticks has preatly expanded the understanding of the
geographical distribution and phylogenetic relationship of
the tick species. Therefore, it is necessary to explore the
epidemiological and molecular aspects of various tick
species I other parts of Tanzania This sudy will be
nsefil m the imrestipation and desipning control stateies
for tick comtmol.
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CHAPTER THREE
MANUSCRIPT TWO

Occwrrence of Tick-Borne Pathogens in Ticks Collected from
Cattle at Iringa and Kilombero Districts, Tanzania

Walter Magesa". Isihala Haji'. Jahashi 5. Nzalawahe'. Rudovick Kazwala®

! Depantment of Veterinary Microbiology, Parasitology and Biotecknology, Sekoine University of Agricuitare, P.O. Box
3019, Maorogoro, Tanzania
* Department of Veterinary Medicine and Public Health, SutmneUmumFqugnmlmPD Box 3021, Morogaro,

Abstract

Background: Ticks and tick-borne diseases (TBEDs) undermine vestock production and productivity in Tanzania
Cattle n Tanzania are challemged by seweral fick species and TBDs which are known to be endemic in caitle such as
anaplasmosis, theileriozis and babesiosiz. Howewver, there is insufficient information on tick and associated tick-bome
pathogens (THPs) in Tarzania  Thersfoee, this study was condocied to determine the ocomrence of TEP: inchuding
Anaplarma, Theileria and Babesia spp., in ticks from Kilombero and Iringa districts of Tanzania
Method: During Tamuary through Angust 2021, a repeated cross-section shady was carried out and a total of 1,880 ticks
were collected from 304 randomly selected cattle. The ticks were morphologically identified wsing morphalogical keys
and a stereomicroscope. The identified tick specizs were prouped imto 91 pools of 1-30 ticks according to species, sex.
and collection site for anatysis. The TBPs were then detected from the tick pools using polymerase chain reaction (PCE)
targeting dnaplomma and Theilers or Babesia spp. Chi squareMeher*s Exact test was performed to determine the
difference betwesn the proportion of pathogen posifive tick peols in Ininga and Eilombere districts and seasons.
Resulis: Ovenrall, dnapizsma and TheileriaBabesia spp. were detected by PCR in 70.3% (o=f4) tick pools. The
detection rate of both dnaplasma and Theileria/ Babesia spp. was highest in dmbliyommag lepidum (253, =16) followed
by Rhipicephalus evertsi 23 4% (p=15) tick peols. Tick pools from Iringa district had a significantly higher proportion of
pathogen positive samples 21.0°% { p=61) as compared to Eilombera 12.5% { =3), (p < 0.001). The co-infection e of
Anapiarma spp. and Thetlgriz/Babesia spp. in all tick peols was 33.02% (p=30). A sipnificant hizher co-infection ate of
43 3% (p=29) was recarded in tick peols from Iringa distict (p < 0.03).
Conclusion: The results showed a high TBP: detection rate on tick pools collected on cattls from the stady areas
which conld morease the sk of TBDs ransmission on livestock and canse increased loss in milk, meat producion and
animal productivity. Therefore, the ticks and TBPs in the study areas highlizht the need for strategic tick comfrol
approaches.

Keywords: Ticks, Catile, Tick-bome pathogens, Tanzamia

Introduction
Tanzamia has approwimately 339 million canls, 24.5

million goats and B 5 million shesp, about 90°¢ of
houzshalds keep hvestock of different kinds.

Backpround
Ticks are oblizate blood-feeding ecio-pamasites of
mammals, birds and reptiles werldwide, with different

relevami species regionally [1]. An inTeasing emerging
tick-borme zoonoses has been wiinessed m the recent
decades worldwide. Ticks and TBDs are major problems
in livestock and homan health in Tanramia. Ticks tansmit
dizeazss that leads fo exiensive economic loses to poor-
respmrce farming commumities especially o subiropical
whare almost S0% of e wodd's cedle
pnpulah.unmmuad[l]TBDsmrJlas.EastCuaEtmrE
and ebrlichiosis atinbute i
mmﬂnn?ﬂ-‘hnfa]lcaﬂ]eduthsmemamsu]ﬂng
to more than TSh 72 hillion leses anmmlly [3]. The
urden of ticks and TBDs on the economy and livelthood
of these imvolved in the Hvestock industry im Afnca
remains significant. Many factors have been identified to
explain the contimus mcrease in the incidence of ticks
amd T'HI!Is

habitats, Gk resstance to acaricides and climate change)
[4.5].

agricultural
Approximately #5% of catile populatons in the coumiry
are reared under traditional agro-pastoral amd pastoral
hushandry systems [§]. The grazing lamd for these
animals is no longer sufficient due to moreased mumber of
catile, other domestic animals and human population.
Thus, mest of the indigenous catile are extensively sTazed
i grasslands and woodlands and hence expossd to hizh
risk of tick infestation [3.7]. Ixodid ticks of the gensm
Rhipicephaius, Hyalomma mdm.b'am are the maost
important and widely dismribnaed found in many
paris of Tanzamia [3.8]. The species inchuded in the three
genera are Rhipicephalus appendiculatus, R, evertsi, R.
baquard, . composin, R b, B mterventus, R, kochi,
R junuloms, R prosfexratus, B puichelins, B simus,
Hyalomma albiparmanm, H. impeitatum, H. margimamm
myfipes, H. fumcaimm, hodes spp., dmblyomma
variegaium, 4. lepidum, 4. gemma, Hoemaphysalis leachr
and Haemaphyralis figces [8-12].

The exmeme changes in climate and land use pattems
practiced have icreased the inferaction between domestic

“The material contained in this chapter has been submitted to the Bmc One Health Outlook for publication”



with wild animals that could increase the sk of TBDs
transmizsion. Therefore, the ecoumence and development
of THPs are increaszingly linked to physical environmental
changes and wector-host imteractions [13-15). Tick and
TBDs hawve been recently reponted by smallholder farmer
from Southern Highland: of Tanzania Such reports
identified the presence of ficks and assorciated TBD: in
cattle at the wildlife-Ivestock interface. This stady aimed
to imwestizate using malecular approach the ecomrence of
THP:= of hoth i and zoonodic potential in ticks
infesting caffle at Kilombere and Innga Districts.

Material and Methods

Descriphion of the sindy area

The smdy was conducted in Eilombero and Innga
disiricts in Meorogore and Innga regions of Southerm
Highlands of Tanzania respectively. Kilombero district is
Lovamied buntympce, 6 INF—16* B aod 56 436 * 41" E, with
elevation ranping from 262 to 530 m above sea lewel and
covering an area of 14,246 km* in the Morogoro region
[14]. Average anmaal 5 in Eilombers distrct
range from 26=3f °C [17). Sampling willages in Kilombera
disirict were Merera, [dunda, Sazamaganza and Lufohy
villages. Irinza Hetrier In Incsted hatvesan 7" 423, 14" &
mndd 197 41" 5.0 E oud covar{ng on e = M0 576 b’
with an elevation ranging from #00 to 1200 m above s2a
level The awerape anmual temperatue in Innpa distrct
ranges from 20-25°C [17] Sampling villages in Innga
district were Mazombwe, Eizanza, Kitisi and Malizanga
villages.
Sample size estimation

Sample size was estmated base on CDC Epi info
sofiware version 7.2 4.0. Probability of type | emor (0.05
sided) and 307% estmated prevalence of catile with Gcks
were uzed [3]. A total of 740 cattle (402 fom Innga and
308 from Kilombero) of all ages from the study arsas
were myvestizated m this sdy.

Ethical approval

The permission to carmy out this sudy was granted by
the Distnict Veterinary Officers of Eilombero and Innga
Districts. The ethical approwal for this research was
obtained from Ethical Conmittee of the Sokoine
University of Agriooltoe.  Pernmit  oumber
SUAMADMTE. LEATI4 _130220%], Aximsl pwne's
comsents were songht verbally prier to data collection.

Simdy design and sampling method

A rmepeated cross-sectional smdy design  using
qualifative and quantitative metheds of data callection and
analysis was adopted. Tick sampling was performed from
JTamary through Aupnst 2021, The two distmcts wens
purpasively selected as they are bordering the wildlife
conservation areas. The sight smdy willapes (four from
each district) were selected due to previous enpagemsnt in
the past livestock studies. Thoee herds located
approximately 3-10 km apart and hawing at least 40 catile
were convemiently selected from each village with the
assistance of Livestock Exftension Officers (LEOs)
providing the mformation on areas where pastoralists hawve
settled with their animals. Fifieen to twenty catile from
each berd were mndomly selected and exammed for tick
infestation by the help of herdsmen

Tick collection
After a verbal concerm was given by the herd owner,
the animals were visually inspected for ticks all ower the
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legs, perineum and tail. Ticks were then remowed from
d HEerwrt el ieary b, of s serirmal™s hady nzing biont
ended forceps. The collecied ticks were placed imio
respective empty 15 ml falcon tobe labeled with uniqoe
identification mumber and ransferred info a dry shipper

immabilize the tcks unfl tansported to the Pamsitalogy
laboratory at the Deparmment of Veterinary Microbiology,
Pamasitolopy and Bistechmolopy, Sokoine Unfversity of
Agmiculfure.

Sorting of ficks into pools

The preserved ticks were faken from -B0°C, rinsed
with 70% ethanel then distilled water followed by brief
dryving on paper towel. Ticks wers sorted by sex and genem
based on the presence or absence of banded legs, calarsd
ar pafterned soufom and conscwhim, presence ar absence
of festoons and eyes and shapes of the mouthparts using
mapnifying hand lems [10,12]. The ticks wem= iuItIJ.E:
morphologically  identified to  species  using
sterepmicroscope (Brunel Stersomicroscope Lid, TED) a.l.ul
publizhed morpholegical keys for Afmican dcks by
expenenced laboratory persomme]l at the Parasitelogy
laboratory and confirmed by molecolar methods [10.18].
The sorted ticks were grouped info pools of 1-30 ticks
according to species, sex and collection site. The tick poals
were placed mbo a ayo wvial tubes 20 ml (Quanta
Biosciences, Gaithersburg, TS A). Multiple caryo vial tabes
were nsed for enporged ticks as soch ticks could not fit inte
a single fobe. The fick pools were then pressrved at -20°C
for later penomic DNA extraction. Peir dishes and forceps
nsed in the tick identification were cleaned after every
batch of ticks using distilled water, followed by wipe with
1% wirkon and 4% bleach, then distilled water and lasthy
wiped with 70% ethanol to aveid cross-contmination.

Total genomic DNA extraction

The frazen tick poals (p=91]) were thawed and cushed
nsing mator and pestle followed by addition of 0.5 ml Tri-
reapent in each 1.5 ml microcentrifuge twhe, vorexad for
5 secs and cenfrifiuped at 2000 = g for 5 min. The motor
and pestle were rinsed using distilled water, followed by
wips with 1% Virken and 4% bleach, then distilled water
and lastly wiped with 70% ethanol and lef o dry for 5
mimutes hefween each sample fo0  awold cross-
copfamimation [15]. For each sample 300 pl
msmadﬁulDH&nﬂuﬁm_mick-DHﬂhﬁnpinhu
Eit (D4068, Zymo Research, CA, USA) was used i
exmact DMA from the bomogenized tick pools for
paihnges coraan'n g mpar marmthcheer's natroctinms, The
exmacied DNA was elufed in 50 pl of DNase PN ase-fres
wralcy mral wiremad f —BC fir sobwcquont wn T WCH [19-
21]. Extraction conirol usimg distlled water was mchaded
in each extraction process fo moniter for the possibility of
Ioss-Contamination.

Detection of hast Mitochondrial (Cyi B) gens

The saccess of DA extraction process fom fick
poels was confimmed by determining the DINA
concenmation and punty. The obmined DNA wers
quantified using a WanoWVoe Phs Specoophotometer
(Thermo Sciemtific, Marlborough, Enpland, UK). The
DHA veld (mgpl) were defermined fom the
concenfration of DNA m the elofe, measured by
absorbance at 260 nm (ARG AIR0). In addition, a quality
copimel Cyt B PCE and gel eleciophoresis were
performed. A portion of mitochendrial Cyt B pens was
amplified by comventional PCE with a set of universal
primers and reacton conditons. The primers



CyiB_Foward- (3"-GAG GMC AAA TAT CAT TCT
GAG -3" and CyiB_Reverse- (5 -TAG GGC VAG GAC
TCC TCC TAG T-37) that preferentially amplifies a 437-
bp region af the Cyt B zene within the mitec hondrial DA
of wertebrates and Platmam Tag DMHA polymerass
(Invitrogen, Carlshad, CA, TUSA) were used [22] The
mixiure was amphfied m a themmal cycler (SmImphAmp
Scientific Inc) with an initial denammtion at 94°C for 2
min, followed by 30 cycles of 84%C for 50s, 52°C for 50s,
72°C for G0s, and a final extension step at 72°C for 10 min

Molecular detection of tick-borne pathogens

For screening of the DA extracts from tick peols for
TBP: of the genera Ampl.am Theileria and Habesia,
PCE. was performed using gemus-specific primers io a
thermal cycler (SimpliAmp themmocycler, Applied
Biosystems, Thermo Fisher Sciemtific Inc). The primer
pairs Ana W5-F (F-TAGTGGCAGACGEETGAGTA-I)
and Ana WS-E (3-AATTCOGAACAACGCTTGCC-37)
desipmed for this stody were used to amplify 424-bp
fragment of 165 rBMNA pene of dngplosma spp, The
primer A THE-F (-
GAGGTAGTGACAAGAAATAACAATA-IT) and THE-
B (S“TCTTCOGATCCCCTAACTTTC-3") were used to

amplify 540-bp of 185 rENA frapment of
Theileria/Babesia spp. [23].
The PCE ifications were in a total

roaction vokoomn of 29 pl corteiwing 2.9 pl off 10X FCR
buiter, 0.75 pl of 50 mbd MyCl, 05 pl of 19 ;b ENTPs,
1.0 (10 ) of e forward aid vovee piowr, 0,16 jd
of Platinum Taq DWA Polymemse (Invittegen, Carlsbad,
Cﬁ,[ﬂﬁ},l?lsplnfuﬂmlrp&:m-l!ﬂnf
template DNA I a themmal cycler (Simplidmp
themmocycler, Applisd Biosystems, Themmo Fisher
Scientific Inc). The cycling conditions were asﬁullm's. o4
S for 2 min, followed by 50 cycles of 84 °C for 30 5, 32
= for 50 5, 72 *C for | min and then 72 *C for 7 min.
Positive and no-template contrels were mchaded in all the
mums. The obtained PCE. products were separated ena 1.5
% (wi) agamse pel m Ix TBE buffer (SEEVA

5is, Heidelbery, (German) staimed with pel red
(Phonex Research Products, Candler, USA) and viewsd
under TNV transillominator.

Drata manapement and statistical amalysis

Tick pools data were stored using Micosoft excel
sofimare version 2109 and checkad for completion befors
doing statistical analysis. The pathopen detection mte in
tick pools was determined by dividing the mumber of
pathoeen positive tick pools by fotal mumber of ick poels
tested and was expressed as percenfage. Descriptive
statistics on pathogen detection rate was performed using
Epi Info software wersion 7.2.4 (CDC, Atlanta, TT54) o
compare the differsnce in propartion of pathogen positive
tick pools bolwoon e disirdcs xm] s, Fiakor's omct
test was performed to detect the difference betwesn the
proportion of pathogen positive tick pools in Innga and
Eilombero districts and seasons. The pathogen detection
rats in tick pools was used as dependent variable while
district and seazon were used as independent variables. The

p-vahae (0.05) was considered statistically sipmificantin all
statistical tests.
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Results

The ticks identified from this study were all from the
family Izodidae Mine tick species from three gemera
Rhipicephalus 719% (0=1.377), Ambjpomma 24.3%
(o=43%) and Hyaiomma 2 8% (0=53) were identified from
the 1,289 tick that were all collectsd from 304 randemby
selected catie from Iringa and Eilombero dismices. Of the
91 tick pools tested, female 25.15% (p=42 and male
53.85% (p=49) comprises O fick speciss, dmbiyommae
pemma, 4. voriegonem, 4 lepidum, Rhipicephalus
micropiuz, B appendicuiatz, ® decolorans, B eversi,
Hyalomma ryfipes and H. albiparmaam were the tick
species identified prior to processing for DNA extraction
and used fir soeeming of Amgpleomo spp and
TherleriaBabesiz spp., (Table 3.1).

The extracted il DA from the 91 tick poals had an
averape DNA yield of 1.427.1 = 120.1 ng/pl and 180 =
002 parity. Host DA was saocessfally amplified from all
9 mandomly selected tick pools. The amplification of the
host mitechondmal Cyt B geme vielded the expected
amplification products. This showed that DA
exfraction protoecol was efficient and shrted the DNA that
could be used for subsequent PCE. amplification of TEPs.
Eight ouf of nne fick species idemtified contaimed
Angplesma spp. similarly eizht out of mine tick species
confined Therleria/Babesia spp. (Table 3.1).

The 165 rRNA gene of dngpigzma spp. (Figure 3.1)
was successfully amplified in $6.04% (p=31) while, the
185 rBMA pene of MwileriaBabesia spp. (Figure 3.1) waz
amplified in 47 25% (=43) tick poals. Appearances of the
DA band of the target sizes wers the criterion for the
detection of the pathogens in the tick pools. Cwerall,
pathogens were detected by PCE in 70.33% (n=64) nck
pools. The detection rate of both dmapleoms and
TheilerinBabesia spp. was high in dAmbipomma lepidum
235.00% (p=14) followed by Rhipicephaiur evertsi 23 44%
(o=173) tick pools and least in Riipicephaiur decoloramus
and Hyalomma aibiparmatum tick pools each 1.56%
(o=1). dmgpiarma spp. detecion mte was high i
Rhipicephalus evertsi and Ambiyomma lepidum tick pools
each 2548% (p=13) while TheileriaBabesia spp.
detection rate was high in dmblpomma lepidum 15 58%
{n=11) followed by Rhipicephaiur eversi 2093% (=0
tick poals (Table 3.1).

Tick pools from Innga disrict showed a significanthy
higher proportion of pathopen defection 91.04% (p=61)
than Eilombera 12.50% (=3). (p < 0.001) (Table 3.1).
Tick pools from Irinpa district had a significantly higher
mono-imfacton @te of dnaplasma sppe 31.34% (p=21) az
compared fo Eilombero district. The mono-infaction rate
of Theileria/Babesia spp. was higher in fick pools form
Innza 1642% (p=11) than Eilbmbern B33% (p=2).
however the difference was not statistically significant (p
= 0.502). The co-infection rate of dnapiarma spp. and
TherleriaBabesia spp. was 32.97% (p=30) of all the tick
pools. A significant higher co-infection rate of 43.28%
(n=29) was recorded in tick pools from Innga district as
compared to 4.17% (p=1) in Kilombero district, (p < 0.05)
{Table 3.1). Pools of tick collacted during the wet season
showed a siznificantty higher pathogen detection rate
95 31% (p=461) compared totick pools collected during the
dry season 4.69% (p=3), (p < 0.03).
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Ne. of Momo and Co-infected tick pools
. - No.of ~_Anaplasms zpp. Thedleria’  Co-infection
Varishle Tick species No. of pools & Redwmin gy
et
Iringa R everst 17 15 6 2 7
R slcropls 6 5 3 0 2
R. decolovanes 1 1 1 0 0
R. appendiculates 5 5 0 3 2
H. rufipes 6 6 0 1 5
H. alparmonm 1 1 0 1 0
A. varicgatum 3 2 0 0 2
A. lepihuwe i3 16 5 3 8
A. gevema 12 10 6 1 3
Subtotal n (%) 6 610109 213139 11{164Y) 20(43.25)
Kilombero R. sdcroples 18 2 0 2 0
R. everest 1 0 0 0 0
R. appendiculatss 1 0 0 0 0
R. decolorares 1 0 0 0 0
A lepidim 1 0 0 0 0
A. genuna 1 0 0 0 0
A. varicpanum 1 1 0 0 1
Subtotal o (4) 24 3(1250) 0w 2833 1317
Grand total tick pook n (35) 91  64(W33) 21 @3.08) 13(149) 30(3297)
0.000 0.001 0502 0.000
Ambiyomma lepidum tick pools (Table 3.1). A higher
Di . multiple infection rate 43 28% was observed m tick
Ty ¢ ; . sty pools from Iringa district (Table 3.1). Tick pools
_In this study, diverse tick species were identified  from the wet season showed a significantly higher
inchiding  Ambjyomma,  Rhipicephaluz and  pathopen detection rate 9531%.

Hyalomma genera which has been

reported in Innga and other parts of Tanzamia [24]. .
The DNA of TBPs were detectad in 70.33% (n=64)
of all tick pools. The 16S rRNA gene of dnaplasma
spp. (Figure 3.1) was detected in almost half 56.04%
of the tick pools, and the 185 rRNA gene of
Theileria/Babesia spp. (Figure 3.2) was also detected
in almost half 47.25% of the tick pools 4rapiasma
spp and Theileria/Babesia spp were detected in
almost 25% of Rhipicephalus everssi and

The overall high pathogen detection rate m tick
pools during the study suggest that cattle from the
study areas in which the tick were collected may
serve as reservoir for the detected pathogens. This
study provides molecular evidence of the presence of
TBPs that are of vetennary importance in tick
collected on cattle in Kilombero and Iringa districts.
Finding from this study comoborate findings from
previous studies in Tanzania, Kenya and Italy, which
have demonstrated the existence of 4napiasma,



Therleria and Babesia spp. from wvariouns ecolopies
[15.24,25). This study coofinms the ecomrence of
Anaplasma and Thetleria'Babesia spp. in the tick
pools which is an evidence of livestock pathogens in
the Ixedid ticks collected from catile from Imea and
Eilombere districts.

Angplasma and TheileriaBabesia spp. DMA
was detected in all tick pools of a wide mnge of fick
species except in N albpomanum for dnapilasma
spp., and B decoloratur for Theieria/Babesia spp.
Anagpiasma and Theileria/Babesia spp DNA were
detected in B micropins while in B decoloraius only
Anapiasma spp DMNA was detected. Since all the ticks
were collected from cattle (on-bost ticks), the higher
THPs detection mate fm Ehipicephaiur avertsi and
Ambiyomma lepidum tick pools suggest that the twa
conld had the pathogens from the hosts taken during
blood feeding. Because the DN A was extracted from
the whole ticks in poals, detection of DNA fom the
transmit a particular pathogen especially if the tick is
not a biologecal wector of that pathogen unless DNA
exirsction wee from the tick"s mlbvwry glesis only.

Rhipicephalus micropius is known to be a pood
vecter of highly pathogenic Baberia BHovir.
Moreover, B micropiur and . decolorams have
Ereat velernnary significance as they are impertant
vectors of Babesiz Migemma and Babesiz boviz,
which canses bovine babesiosis [10,11]. The two are
also wectors of dnaplasma margingle which canses
apaplasmosiz inm  cartle  Rbipicephains  @vertsi
transmits B. bipeming in cattle [3,11]. dmbiyommg
warregaiem and 4. lapidum transmits the protorsans
Theileria mutans and Theileria velffera causing
benipn bovine theilerioses and dmaplgzma spp.
bacteriam  Ehriichis  ruminantiem  that cagses
heartwater im caftle, shesp and poars [10-13].
Rhipicephalus appendicuiatus tansmits  Theileria
parva that causes East Coast fewer in cattle and
different strains of Theileris porva that cause
Comider disease, it also tansmits dnaplasma bovis
causing anaplasmaesis n cartle [10.11].

Because, B, micropin: and R decoloramus are
known biolegical wectors of Baberis bovis and B
Bipeming that cause babesiosis in cattle, dnaplamma
margingie that canse anaplasmosis and Borralio
theileri that canse spirochastosis o cantle [10,11].
The TEPs DNA detected im R micropius, R
decaloratus, B evertsi. 4 lepidum and the other fick
pools suggest that the ticks play an important role in
the epidemiolozy of TBPs and the disease they canse.
Such TBD:= cause approximately 71% of cattle deaths
in Tanzamia [5]. Detection of TEPs DMA m tick does
not mean that ticks are capable tansmitting the
infection However, becanse of the fact that both
described [26]. there iz a hipgh possibility of a
suscepiible host to confact the infection especially
with 4. marginale, becanse of the mechanical nahmoe
of transmizsion [5].

higher pathogen detection m@E in
Rhipicephalus evertsi and dmblyomma lepidum tick
pools in this study could be attributed to the high
mumber of tick poals tested. Rhipicaphaiur ever is
hmmmmnﬂﬂbﬁmbwﬂmmtﬂe[i]
The lower pathogen detection rate in
decoloratus and Hyglomma aibipormatum in ﬂu&
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shady could be due to their fewer mumber of tuck poals
tesied. Both dmoplesma and Theilerio Bebesia spp.
DA were defected in Hyalomma ryffpes tick poals.
Hygiomma myfipes iz known fo tansmit 4
margmaie, that cause apaplasmosiz m catile. In
addifion, It alse transmits Thetleriz aanwiato,
Babesia occuifans, Rickensia comordi and Crimean
Comgo hemarrhagse fever wims (CCHFV) [12-14]
The significantly higher pathogen detection rate
on tick peols from Innga distrct could be contribuated
to great tick species diversity recorded in Irinpga
district since 4. epidum and B evertsi which wers
the most predominant tick species in Innga exhibited
higher infection rates of both dnaplosma spp. and
Thetleria/Baberia spp. The area is characfenized with
Miombo woodlands, shart vepetation which might be
favorable for the survival of the mmodid ticks [9]
Furthermore, Innga is lecated at a higher slevation
with anmual rainfall range of about 500-1600 mm and
has low temperatore range of about 20=25"C and low
homidity as compare to Eflombero. This difference
in climatic conditions could be among the faciors that
might hawe led to high tick species diversity in Inmga
as a result high pathogen detection mte. Mareover,
continnons movement of large number of Investock m
search of water and pasture ofien brings ivestock to
share the pasture with wild amimals in the wildlife-
livestock interface ecosystem bordening Ruasha
Mational Park [27,28]).
Becanse, the DNA was eximacted from tick
poals, the significamtly hipher co-infection rate of
Anaplgrma and Theileria/Babesia spp. recorded in
tick pools from Innga district o this study could alse
e dus to mono-infecton of different ticks in the
same pool. These findings suggest that catile from
this area are at high nisk of contacting the infection.
might have contmbuted to the hiph pathopen
detection rate oo tick pools from Innga considering
the nichness of the competent wectors [24]. Either
livestock or wildlife around the stody arsas could be
the anginal host of these pathogens or forementioned
tick species [15].
The lower pathopen defection rate in tck pools
from Eilombero might be atirinrted to fewer nomber
of tick pools which was due to lower tick species
diversity and distribution in the area. Distributon
limits of ticks are varable and are influenced by
several factors, inchuding climate, vepstation, host
densify, host susceptibility, and host paring habits
20,
[ ﬂTIlE climatir conditions in the area inchiding,
average anmual rainfall of 1200 to 1500 mm and
average annual temperatures @Ange of 2538 °C and
other factors might be unfaverable for other tick
species while favers B micropius which was the

predominant speCies in Eiflomberg.
I'hﬂm-'ﬂ.:rbm'.:r spp. DA was detected in B
micropins Gck pook ffom Kilombero. The high
number of £ micrapius tick pools compared to other
tick species in Kilpmbere in oument stady was due to
their high abundance and distribufion m the area. The
rapid expansion of £ micropius in Kilombero was
probably atimibuted to the shoner lifs cycle and hipher
egeg production capacity [30]. Additonally, their
ability to dewelop resistance it most available
acaricides might alse have fawored their expansion as
compared o maore susceptible tick species [20]. This



tick species is of great inberest as it is well known to
be a vector of highly pathopenic Babesia bigeming
and B. Bowis, causing babesiosis in cattle [31]. This
species is alse a vector of dnaplasma margingle,
which causes anaplasmesis in cattle [3]. However, m
this study dmaplarma spp. was not detected in any of
the tick pools fom Eilembera.

Livesiock in the smdy areas of Kilombero
Udznmpwa Mounfain Natdonal Pak with limited
Iiwestock-wildlife imteractions. The limited hivestock-
wildlife nferaction doe to forests, valleys, and
mountains conld have atmbuted to lower TEPs
transmission as a result the lower pathopen detection
rate. Moreower, the effects of climatic conditons on
the activity of ticks and ocoumence of TBPs have
been identified on other studies [15].

The TBPs in this stady were not sequenced to
identify the pathogens to species therefore, there is a

addition to 155 and 185 BNA. Further studies
concenmating on understanding the association
between climatic conditions and the occumence of
similar and other zoonotic TBPs could be usefil in
the early warning systems [32]. Information on tick
specmdlmm]rmddm'hmnwmﬂdalsnhﬂpm
improwve the undersanding of disease

which is prereguisite for conirol measures of ticks
and TBDs.

Conclusion

This smdy demonsiates the presence of
Theilaria, Babesia and dnagpiazma spp in the tick
pools obiaimed from cattle that could increase the sk
of mansmission of TBDs and decease livestock
production and productivity in Kilombere and Iinga
districts. The PCE. method has allowed the detection
of the pathogens i tick pools from the stody areas
where limited information of the TBPs ewists.
Howorar, detoctian of methogon's DNA doos ot
imply a Tansmission competence of the tick vector
concemed since they could have been obtamed from
the infestad cattle.

The finding from thiz study shows that ficks
iumhnga&sm.dlnrbmmmpuhngms'hm
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%};MMW: -Forme Pathogens
Arimomledrment:
Tha athors wonld liks to thask Prof Wortring Spsith and Dir Briam
Bird of the Unfversity of Califoria, Dris, USA for thair sepport
glh . Tha authors: wold also liks to extend themks o

Amthor™d contribmtioas

All mrhon coxtribeed to %o sudy conception and dedm
Mxigrial data collection amd anahysis wers periormed
by Walwr Lithaly Fhjp, Jabashi £ Meabmabe and

mm]’hﬁnhﬁm’hmmm
Ty Waltor Mgeia amd all avshors ¢
of te momscript All sfon mad and qp:md h ﬁml
fi e

Anlearyinhrenian
Walter §, Magesa- MSc. Ome Health Molocular Biology,
Departrant of Vaterory Micmbinlogy, Pamsstclogy and

46

Tameania

‘This research was fimdod ey the Fisalth for Aninm] and Livsiihood
Tnsprovamont Project (Gomt Mo, SE-B064-5-017) of the Sokoino
Unirearsity of Agricnlrs, Tanomis.

of dats and magerisls

'l'hm-lﬂ <]
‘-:l.'l.l]r:.nllln:gI munnlyn

Declarations

Erhics spproval smd comnsesst o

Thw sthical approval was obtxined from Fihi] Comsmittos of the
Sokome University of Agncobes, pemst momber -
SUAATME 14T 1502500, The permivdon to oy ot
hﬂf.hmimngﬂnlhyhhd
povemmant anthesities o Eilombes and inga Dismics. All
amars of the animals wem mfemed of the smdy amd their verbal
consant v ohtimed bofom comemancomant of dat collection.
Al sxpermmants wess parformed n acconianrs with mlovem
pmidalings and mgulations.

Comsent for publiction
¥iok applicable.

‘Competing imteresiz

The muthor: declhs that Sy hve no condlict of inieests relxed
‘o s womke.

.!.dl-inﬂ.t
mmw&ﬂpﬂhPﬂ Box 3015,
Momgom, Tawenia Deparment of Vistmry Medicne and
Puhlic Heaith, Sokoing University of Agricelites, P.O. Box 3021,
Momgam, Tammia

1. Wasilum P, Doda D. 5tndy on prevalance and idtfication

mysiams i
Fsamrh M17.12: 186109,

D‘" 1 : 1, Magagi
of & practical

Elmbala FT, Ml DT, st a2l Ocommence of Ticks in Cattle
in the Mew Pasioml F; Aras Dstmict
'l'-mn.]"l.fat}dnd.!lllé_lﬁ& =

B. Ehnmgﬂil‘hdﬁn'bmnrhnnrh-ﬂhml
ez of maot Africm ticks {Acei: Brodida)). Bl Foiomel
Eas. 1995 B(F30327.

9. Lynen G, Zmmon P, Baomoars C, Di G, Pl G, Pal M, ot
al Cattla ticks of the penam B and Arshhyrermms
tmmhm_l
with (ZE based on . extesie fiold sreey. Exp Appl
Acaral 2007,{43):-303-15.

10 Wakor AR, i&nmlEﬂrﬂ-hiI‘hzk

Tdestifiction of Species. Tho Usiversity of Edfinburgh.
2014; 163168 p.



1L
1Z

13

14.

1%

14

7.

1%

15

Il

Taichall BT, Easton E. Tick

:wﬂmmmmm

115 =i

Ambross M, Lioyd D, Madlleed JC. nmemo mesponses to
congolomts infacions Parasiiol Today.

18921

Hiiruch Coinger WE, Harvay AFC, Lisior & Faral
aspects of Rickettsial mctions in Kama. Trans B Soc Tmop
Mod Fyg 1960 362280,

wmw;muwnm
MY, Makimls FE, o Plhp:.l..-hl:.'nilﬂl.-l

Mhummymhnﬂan MIE:I—

mtm&mammm

H. Clirreris: chomge adeptafion sraiegias by local Srmons m
Eilombaro District, Tamrania Friiop I Emviron Stad Mooy
M2 TM-36

United Egpobiic of Tameania (UET). Tazwam Liatock

Seciar L6307 - X31-B3T. Mnistry of
! mﬂﬁhﬂ.ﬂl?‘ 1145
Hnikiﬂﬂq,mbhr]hﬁﬁ:mﬁﬂm.]‘hﬁ.h

Small Amim Pract 1991:21{1 16557 doi:10 101650195-
S616(31)50015-5

Mobmrarn A, Moradi M, Teleademany Z, Mostifni E,
IﬂA.'ﬁ&lml'Eli—!u- Molnculer datection
ic Smmr (OCHF ) vims
u:h from soothoystos Fan Tids Tick Bome Din

y
m%iﬂmnﬁ- Cithaley W, Momers 5, Exmgs EM
Oumaron F, etal A comprobersive sureey of the prevalence
and spafial dsinbetion of ticks nfsing catfle m. difownt
mmes of Camemon. Parasiies and Vechors.
M1 Il
Tokin 5 Booli A, Muotney M, Emkin A Dundr E

25

L

3L

47

E-adnq'lli}l &

h!; Mhﬁ]ﬂtdmnﬁﬂ..]lqkumﬂ,
Fg-n.ﬂ..]hg:.ﬁ.f‘:,qt:ll‘..
mad m}-ﬁpm.n.nt.l’mlml
Vactrs. 201 113,
Eim TY, Fuak V5, Eim JY, Nam 5, Loa L Mdwrmm &, ot al
Proaalecs of Tidk-Bome from Ticks Colleciad
fom Catic and Wild A in Tameomiz in HM12
‘BJI!-,S&:_'SJ—.‘IDS-&

EhclEu. Lo GR, Riihi &, Goco A, 5
Jomgujan F, i:l]:wh.m hagmoparsie by
Ve L blot Inhlmm'ﬂn-iﬂ:imﬁm
of ticks. i Sicily. Vet Pamsitol. 2001

E:mEH.DnIAFu‘IEkm in JC.

mmﬁmm.ﬁ ota
Fomg A, Mass B4, Chfioed DL Pml G, Mypandyi D,

al. Fsalth of aftican buffales
LA o et G
m:m-

Exrorals Eambarags D, Dabom CT, Myange J, o
of boving tsharculosis in cattle i tho Scethern Highlnds of
Tameania Vet Fos Commen. 20012 KEr600 14,
MEWQWLMEME
Crfnla 'V, ot al Tickhomss Arhovims, Soreilbnc im Market
Lhesock , Mabohi . Eama Emay hisc Dic
2006, 1 3T r1 074580,

Damian 0, Dopns b, Wozsnon 1T, Bag M. Moloolar
dnersity of hard tick spocs fmm selected areas of a
wildif-lvostock imoriicn ecovysmen ot Moo national

lhtﬁ Tm‘fqthﬂ]‘lljﬁ]l—ll
in M Bobinsom M. Tick infoctstions in.

stonsively gramed cattle and officacy trial of high-cis

mﬁm m for conime of Gicks
n

BiohfeC Vot Roo
Emll}cl-ﬁ.
HAluffn B, Bramdf] JAM, Zowed A, Adjei A W H,
Fabrsy NT, ot al. Crimean-Congo ﬁm:“rm
lromatock Gk and amirml handlar

waromaalance o
shatcir in Ghma BEMC Infect Din ib]'lﬁ:lﬂzl}:l—
5o 10.1 18651 2870-015-1550-5



48

CHAPTER FOUR

4.0 GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS
4.1  Discussion

The distribution and abundance of Ixodid tick species infesting cattle in Tanzania varies
greatly from one area to another. This study aimed to establish the distribution, abundance
and seasonal variation of Ixodid ticks infesting cattle and pathogens in selected areas of
Kilombero and Iringa districts of Tanzania and quantifying and identifying Ixodid tick

species using morphological and molecular techniques.

Tick infestation in animals generally varies with host and geographic factors. The host
(cattle) factors such as age, sex, body condition and breed can influence the susceptibility
of animals to tick infestation (Asmaa et al., 2014). Ticks also mostly dependent on
temperature and rainfall for their development and activities (Estrada-Pefia, 2015). Thus,
the distribution, abundance and seasonal variation of Ixodid ticks infesting cattle and

pathogens in the study areas were determined.

In this study, R. microplus was found to be the most abundant and have a wide geographic
range in Kilombero district, and it had a higher proportion during the wet season. It has the
highest infestation prevalence in the area. Theileria/Babesia spp. was detected in
R. microplus tick pools obtained on cattle from Kilombero. Rhipicephalus microplus is an
important vector for babesiosis and anaplasmosis in cattle (Baron et al., 2018; Silatsa et al.,
2019b). It is one of the most predominant tick species infesting livestock in Tanzania
(Kerario et al., 2017). Rhipicephalus evertsi and A. lepidum were the most abundant and
have a wide geographical range in Iringa district. They have higher proportions during the

dry season and also have higher infestation prevalence in the area. Pathogen detection rate
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was higher in tick pools from Iringa whereby R. evertsi and A. lepidum have shown the

highest pathogen detection rates.

The small difference on mean tick burden between Iringa and Kilombero district could
probably be due to similarities in agroecological setting and animal health practices in the
two districts. The higher tick infestation 14.53 + 1.71, observed in Iringa district during the
dry season could be attributed to the higher tick species diversity and the significantly
higher number of Amblyomma lepidum and Rhipicephalus evertsi observed in the area
during the dry season. Furthermore, the difference in climatic conditions, low temperature
range (20-25°C), relative humidity and higher elevation (900-2300 m) above sea level in
Iringa district could be the factors that have resulted in high tick infestation during the dry
season. The tick distribution and abundance in Iringa district could also be related to
factors such as hosts available, microclimate, grazing habits, cattle management and other
unknown factors which affect the development and growth of ticks. Ixodid ticks have been
reported from previous studies conducted on cattle and wild animals from Iringa (Kwak et
al., 2014; Kim et al., 2018). These findings corroborate with the previous studies, thus
suggest that ticks in Iringa are mostly found on cattle that live in and around wildlife-
livestock interface bordering the Ruaha National Park (Kwak et al., 2014; Kim et al.,
2018). However, for better understanding, future studies should conduct sampling
throughout the year, targeting a wider range of hosts including other domestic and wild
animals (Kemal et al., 2016). The significantly higher mean tick burden 17.30 £ 1.55 in
Kilombero during the wet season could be contributed to the high abundance of
R. microplus in the area. The higher temperature (26-38°C) and rainfalls (1200-1800 mm)
in Kilombero compared to (20-25°C) and (500-1600 mm) in Iringa during the wet season
could have favoured the developmental activities of the ticks in the area. This study

indicates that season coupled with hand spray of acaricides on cattle, environmental and
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climatic changes could have an impact on tick infestation (Okello-Onen et al., 1999;
Kerario et al., 2017). A similar observation was reported in Nigeria (Lorusso et al., 2013)

and Zambia (Simuunza et al., 2011).

The high prevalence of tick infestation observed in male 44.02% compared to female cattle
39.92% despite the higher number of female cattle examined during this study, suggest that
female cattle are less likely challenged by tick infestation. Lower tick infestation in female
cattle may signify that female cattle are more resistant to ticks than males, and this could
be attributed to testosterone, which reduce innate and acquired resistance to tick feeding
(Mapholi et al., 2014). Findings have been reported in other studies such as those of
Hughes and Randolph (2001). The equal challenge by tick infestation to juvenile and adult
cattle observed in this study could be attributed to the fact that adult and juvenile cattle
were grazed together in grasslands and bushy areas located far away from the households.
Similar findings have also been reported in previous studies in Tanzania (Swai et al., 2005)

and Central Nigeria (Lorusso et al., 2013; Kerario et al., 2017).

The lower mean tick infestation 9.61 + 0.85 observed in Tarime cattle breed compared to
14.79 £ 4.41 in other indigenous breeds in this study, could be due to the fact that Tarime
breed is more resistant to ticks and TBDs than other indigenous (Bos indicus) cattle breeds
(Laisser et al., 2016). The fact that these cattle were grazed at early stage in life could have
increased the frequency of contact with ticks at an early stage of life. This reflects the
confidence that Tarime cattle are naturally resistant to ticks and TBDs similar to reports in
previous studies in Lake zone, Tanzania (Chenyambuga et al., 2010; Laisser et al., 2016).
Similarly lower mean tick infestation among other indigenous cattle breeds was reported in
previous studies (Sajid et al., 2009; Piper et al., 2010; Asmaa et al., 2014). Although the

mechanism of resistance acquired by indigenous cattle breeds is not fully understood
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however, it could be attributed to less exposure to ticks and it could be related to frequency
of contacts with the parasites at an early stage of life, which could help in establishment of
pre-immunity against ticks (De Castro et al., 1991; Mapholi et al., 2014; Rehman et al.,

2017).

The weak variation in mean tick infestation observed between cattle with different body
conditions in this study could be due to the fact that the animals walk long distance for
grazing in the field and kept together at home and as a result all groups are equally exposed
to tick infestation. Similar findings among cattle health groups was reported in Mbeya

region, Tanzania (Kerario et al., 2017).

The lower mean tick burden 6.05 £ 0.77, reported on cattle with weekly tick control
frequency compared to 14.91 + 2.20, on cattle with monthly acaricide application and
18.60 £ 2.91, on cattle with unknown frequency of acaricide application could be attributed
to frequent control of ticks through hand spraying of acaricides. When using hand spraying
method, the acaricides might not reach the hidden body parts of the animal, as a result not
all ticks are killed (Kerario et al., 2018). A similar observation was reported in Mara and

Mbeya regions, Tanzania (Kerario et al., 2017).

The findings of high prevalence of R. microplus in this study is in accordance with studies
reported from Singida and Mbeya regions of Tanzania (Kerario et al., 2017). This study
reports the presence of H. rufipes which was not recorded in the previous study in Iringa
(Kwak et al., 2014). The tick species identified in this study were more abundant and
distributed in Iringa as compared to Kilombero district. Previous studies have reported
these Ixodid ticks in cattle and wild animals in Iringa municipality (Kwak et al., 2014).

The higher abundance and distribution could be attributed to the climatic conditions in the
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study areas which favor the reproduction of the tick species. The area is also characterized
with trees, short shrubs and grass cover which might be favorable for the survival of ixodid
ticks (Lynen et al., 2007). The higher proportion and wide distribution range of
Rhipicephalus microplus in the surveyed areas in Kilombero district (Table 5), could be
attributed to the environmental factor such as climate, temperature and relative humidity in
the area (Khajuria et al., 2015). Similar findings has been reported in various part of
Tanzania (Copland et al., 1986; Mamiro et al., 2016) and Zimbabwe (Sungirai et al.,
2018). Previous studies have shown that this tick occurs in humid localities with steppe

areas that have hot dry seasons (Walker et al., 2014).

The mitochondrial COI and 16S rRNA genes have been used in species identification and
developing tick phylogeny in Tanzania (Damian et al., 2021), Uganda (Muhanguzi et al.,
2020), and Malaysia (Low et al., 2015; Ernieenor et al., 2020). Both CO1 and 16S rRNA
have been reported to be suitable markers for tick species identification as compared to

12S rRNA and ITS2 (Jizhou et al., 2014b; Roy et al., 2018).

The lack of corresponding CO1 gene sequences in GenBank for A. gemma and intra-
species genetic variation could be considered as one of the limitations of the molecular
approach for tick species identification (Kumsa et al., 2016). Thus, for improvement in
sensitivity for the A. gemma ticks, further improvement of the database is needed. The tick
DNA sequence-based analysis for R. appendiculatus and R. decoloratus with CO1 and 16S
rRNA in this study did not provide conclusive results. This was due to the sequences
obtained were not of good quality after the purification and sequencing of the PCR product
and therefore were excluded from the analysis. However, it is believed that the former
could be a useful alternative to the latter for identification of tick species (Takano et al.,

2014). Similar findings have been reported in previous studies as described by Black and
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Piesman (1994). Failure to obtain clear sequences from the R. appendiculatus and
R. decoloratus from this study was surprising considering that CO1 and 16S rRNA are
conserved regions across Rhipicephalus spp. However, these results could be due to
co-amplification of different copies of the CO1 and 16SrRNA gene which could be due to
intraspecific variation as it has been reported for various species of Ixodid ticks (Kanduma
et al., 2016). It is therefore recommended to consider a whole mitochondrial genome
analysis or the use of different DNA barcoding genes from multiple conserved regions
such as 12S rRNA, 18S rRNA, CytB and ITS2 for their identification (Kanduma et al.,

2020).

In reference to this study, there is a worldwide development of DNA barcoding databases,
such as the Barcode of Life Database (BOLD) system (Ratnasingham and Hebert, 2007).
Therefore, further studies for updating the DNA database would be beneficial to the public

health for control of ticks and TBDs (Takano et al., 2014).

The overall high pathogen detection rate 70.33% (Table 3.1), on tick pools in this study
suggest that cattle from the study areas in which the tick were collected may serve as
reservoir for the detected pathogens. Findings from this study agree with findings from
previous studies in Tanzania, Kenya and Italy, which have revealed the existence of
Anaplasma, Theileria and Babesia spp. from various ecologies (Georges et al., 2001; Kim
et al., 2018; Oundo et al., 2020; Chiuya et al., 2021). The higher pathogen detection rate in
Rhipicephalus evertsi and Amblyomma lepidum tick pools (Table 3.1), in this study could
be attributed to the high number of tick pools tested and the larger number of ticks in their
particular pools. Moreover, the interaction between livestock and wild animals might have
contributed to the high pathogen detection rate on tick pools from Iringa considering the

richness of the competent vectors at the wildlife-livestock interface ecosystem around
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Ruaha National Park. Similar findings have been reported from previous studies in Kenya
(Okal et al., 2020) and Botswana (Raboloko et al., 2020). Rhipicephalus evertsi is known
to transmit Babesia bigemina in cattle (Kerario et al., 2017). Both Anaplasma and
Theileria/Babesia spp. DNA were detected in Hyalomma rufipes tick pools. This tick
species is known to transmit A. marginale, that cause anaplasmosis in cattle. Moreover, it

transmits Theileria annulata and Babesia occultans (Ikpeze et al., 2011).

4.2 Conclusions

This study reports the presence and distribution of ticks in cattle. It indicates the current
problem of ticks in cattle in Kilombero and Iringa districts as ticks were abundant and
widely distributed in all the study areas. Rhipicephalus microplus, R. evertsi and
Amblyomma lepidum were among the most predominant ticks. This study reports high
pathogen detection rate in tick pools in from study area. Findings from this study reflect
the presence of TBDs in the study areas that require further study on TBDs distribution and
characterization. Molecular data on ticks collected from the study area will become a
reference for tick taxonomy confirming morphological identification as well as provide
some data that could be used in their systematic classification. Our findings on the
presence and diversity of tick species in the two districts will help in contributing to future
studies and can be used as a baseline for subsequent tick studies in the study area and other

parts of Tanzania.

4.3  Limitations of the study

This study only reported tick infestation in cattle and not any other domestic animals in the
study area. The study was limited to only eight months and could not cover several seasons
of the year to include quite a few dry and wet seasons for good comparison of the

seasonality findings. Rhipicephalus appendiculatus and R. decoloratus were successfully
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amplified by PCR but their sequence analysis was not successful due to bad sequence
quality. Because of the limited resources and shorter duration of the study, only three
TBDs were detected and discussed. The PCR detection of Tick-borne pathogens DNA in

the tick pools from the study areas were not confirmed by sequencing.

4.4  Recommendations

The tick species identified in the study areas deserve serious attention at all levels in order
to minimize the spread of tick infestation and tick-borne pathogens to improve animal
health and livelihood. Further longitudinal studies using larger sample sizes of livestock
and wildlife that could contribute to improve ticks and TBDs control in the study area and
to determine whether the tick species identified in the current study are stably or
momentary in place are highly recommended. Furthermore, studies on tick species
diversity and distribution would help to improve the understanding of disease dynamics
which is perquisite for control measures of tick and TBDs in the study area and other parts
of Tanzania. Even though there are some limitations to this study, as mentioned above, the
findings from this dissertation have led to the development of the following
recommendations.

I.  To conduct active tick surveillance in domestic animals. This will enhance the
understanding of the diversity and distribution of tick species infesting cattle
national wide. It will also provide more information on predominant tick species
infesting cattle and other domestic animals in the study areas, and subsequently,

tick prevention and control efforts can be targeted towards a particular tick species.
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To conduct tick surveillance in wildlife and environment to determine the tick
species, present on wildlife and the role that these wildlife play in the maintenance
and spread of ticks in the study areas. This will also inform the risk of TBDs at the

interface of wildlife, domestic animals, and humans.

To understand tick distribution and seasonality in cattle and other domestic
animals, and the variations among different regions in Tanzania. This information
can be used to determine the timing of tick treatments in different parts of the

country.

To determine the pathogen diversity across tick species identified from the study
area to understand the potential vector role these ticks could be playing in the
transmission of TBDs. Such information will help in informing the risk of potential

TBDs that can be transmitted to other animals and humans.
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APPENDICES

Appendix 1: Images of adult Ixodid tick from cattle in the study areas

A Varisgatum(malz laft and engorzed
female right)

H. rufipes (male left and female right)
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R. microplus (male left and female right)

Va N

-
R. decoloratus (female) H. albiparmatum (male)
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Appendix 2: Informed concern form

Principal Investigator: Walter Simon Magesa MSc
Name of Organization: Sokoine University of Agriculture (SUA),
Morogoro, Tanzania
Title: DISTRIBUTION AND ABUNDANCE OF TICKS ON CATTLE AND
ASSOCIATED TICK-BORNE PATHOGENS FROM KILOMBERO AND IRINGA

DISTRICTS IN TANZANIA.

Introduction

We are from Sokoine University of Agriculture (SUA) and we are studying the
distribution, abundance of ticks on cattle and associated tick-borne pathogens infesting
cattle at Kilombero and Iringa districts. The study is financially supported by HALI project
from SUA. The purpose of this study is to generate baseline information on distribution
and abundance of Ixodid ticks on cattle and associated tick-borne pathogens in Kilombero
and Iringa Districts that will complement on designing appropriate control measures for
ticks and TBDs in the respective study areas and Tanzania at large. There will be no
money or anything offered to take part in this study. Ticks will be collected from cattle and
the surrounding vegetation. No human samples will be collected and no administration of
any drug will be done. The data collected will be used for establishing seasonal dynamics
of Ixodid ticks in terms of distribution, abundance and burden in cattle and environment.
Information obtained from this study will also aid in to determine occurrence of tick-borne
pathogens in the study areas. Furthermore, it will contribute to the national livestock sector
development goal and will be useful for rational control strategies of ticks and TBDs in

Tanzania.
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Confidentiality

The information that we will collect from this research project will be kept confidential and
will be stored in a file, which will not have the participants name on it, but a number
assigned to it. Which number belongs to which name will be kept under lock and key, and
will not be divulged to anyone except the scientists and representatives of the SUA.

“I have read, understand this information and agree to take part in this study”

Name: INterVIEWEe.........cccevveveeieeieeie e, Signature................. Date.......coeevvennen,

“I agree to abide to the above condition”

Name: INtErVIEWEN .........cccovvreniiiiicieeeee Signature............... Date.....ccccoevvenenn.
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Appendix 3: Herd Enrolment form

Data Recorded by:

Date: (d/mm/yyy) Time:

Herd ID: Phone Number:
1. District:

Iringa( ) Kilombero ()

Ward: Village:

2. GPS Coordinates:

Latitude: Longitude: Elevation:

3. Estimated number of cattle in the Herd:
1-20( )  21-100( ) 101-500( ) >500( )
4. History of the Acaricide use:
Yes( ) No( )
5. What measures are taken to prevent ticks? (Check all that apply)
Dipping () Hand spray () Hand picking ( ) None () Other () (If other please
specify)
6. Frequency of tick control
Weekly () Biweekly () Monthly () Occasionally ()

Individual Animal Data
Herd ID;: Animal ID:

1. Breed of cattle sampled:

2. Animal Sex: Male ( ) Female ( )
3. Animal Age: Months
4. Body Condition Score: 1-5( )

5. Total tick count on the animal:
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Appendix 5: Research permit Kilombero District

THE UNITED REPUBLIC OF TANZANIA
PRESINDENT’S OFFICE
REGIONAL ADMINISTRATION AND LOCAL GOVERNMENT

Regional Commissioner’s Office,
Boma Road

P. O. Box 650,

67117 MOROGORO

Telegraphic Address: “REGCOM”
Phones: 2934306/2934305

Fax No: 2601308/2604988
Website: www.morogoro.go.tz

Email: ras.morogero@tamisemi.go.dz
In Reply please quote:

Ref. No: AB. 175/245/01/95 10 March, 2021

District Administrative Secretary,
KILOMBERO.

Re: RESEARCH PERMIT

Please refer to the above mentioned subject.

2. | am introducing to you Mr. Walter Simon who is a bonafide MSc. (One Health
Molecular Biology) student with Registration Number MOH/D/2019/0021 of SUA and

who is at the moment required to conduct research in our Morogoro Region.

3. The title of the research is ‘Determination of distribution abundance and host

preference of hard ticks infesting cattle at Kilombero District’

4, The permit is granted February,2021 to July, 2021.

5. Please provide necessary assistance to enable the accomplishment of the
research.
6. Thank you for your cooperation.

Erick Ulomi

FOR: REGIONAL ADMINISTRATIVE SECRETARY

Copy: Director,
DPRTC,
Sokoine University,

i Mr Walter Simon - Researcher
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