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ABSTRACT

Livestock production contributes 12% of the Kenyan Gross Domestic Product (GDP) and 40
% of the Agricultural GDP. Milk is the main livestock product and urban and peri-urban
areas provide a ready market, which has led to proliferation of smallholder dairy farms in
these areas. Among the major threats to optimum production on the dairy farms are tick-borne
diseases. Among these diseases, anaplasmosis and ehrlichiosis caused by Anaplasma and
Ehrlichia species respectively, are only second to East Coast Fever in their deleterious effects.
Information on these infections in cattle in smallholder farms in peri-urban Nairobi County
has been scanty and unconfirmed. In the recent past, there has been rising cases reported from
these peri-urban areas to the University of Nairobi Veterinary Hospital and diagnosed on
microscopy as ehrlichiosis. Confirmation of the infections and identification of the species
involved was not done, mainly because the clinical presentations were unspecific and the
microscopy used had a low sensitivity. The objectives of this study were to investigate the
species of Anaplasma and Ehrlichia infecting dairy cattle in peri-urban Nairobi, assess the

risk factors associated with these infections and the tick vectors that harbour the pathogens.

A cross-sectional study was undertaken in peri-urban Nairobi County, where four sub-
counties; Kasarani, Lang’ata, Dagorretti and Westlands were purposively selected for the
study. A total of 314 apparently healthy dairy cattle from 109 farms were randomly recruited.
Whole blood, serum samples, and all ticks found attached to the cattle were collected. A pre-
tested questionnaire was used to collect data on potential risk factors for the infections on the
farms. Giemsa-stained blood smears were screened under a microscope for Ehrlichia and
Anaplasma pathogens and antigen Enzyme-linked immunosorbent assay (ELISA) used to

screen for the presence of Ehrlichia ruminantium in the sera. Whole blood DNA was

XV



extracted and tested for presence of Anaplasma and Ehrlichia DNA through amplification of
the 16S rRNA gene using Polymerase Chain Reaction (PCR). Anaplasma and Ehrlichia
species confirmation was done by sequencing of the PCR amplicons. Morphological
identification of the ticks was done and DNA extracted from individual ticks and then
analysed for Anaplasma and Ehrlichia pathogens through PCR amplification of 16S rRNA
gene using same primers as used on blood. Genetic identities of the pathogens from both

blood and ticks were confirmed through BLASTn analysis and phylogenetic reconstruction.

On microscopy, 249 of the 314 (79.3%) sampled cattle had Ehrlichia-like inclusion bodies in
their white blood cells but only 55 of 292 (18.6%) serum samples tested positive for E.
ruminantium on the Ag-ELISA. On PCR, out of 306 blood DNA samples analysed 61
(19.9%) and 10 (3.3%) were positive for Anaplasma and Ehrlichia species, respectively.
Sequencing of representative samples; 54.1% (33/61) for Anaplasma species and 60% (6/10)
for Ehrlichia species revealed infections with Anaplasma platys, A. marginale, A. bovis and

Ehrlichia minasensis.

Location of farms in Lang’ata Sub-county (p=0.009) and presence of ticks on cattle (p=0.007)
were factors significantly associated with sero-positivity to E. ruminantium in cattle. The
higher prevalence in Lang’ata Sub-county could be because it borders the Nairobi National
Park and wild animals are reservoirs for tick-borne diseases including E. ruminantium.
Transmission by ticks is also the major route for E. ruminantium infections in susceptible
cattle. Cleaning of cowsheds fortnightly compared to cleaning every day was significantly

associated with sero-positivity to E. ruminantium (p=0.008) and occurrence of Anaplasma
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and Ehrlichia on PCR (p=0.034). Accumulated slurry compromises animal welfare increasing

stress to the animals and predisposing them to diseases.

Sixty-six (21%) of the 314 cattle examined had ticks. A total of 94 adult ticks were found on
the cattle and of these 63(67.0%), 18(19.1%), 13(13.8%) were in the genera Rhipicephalus,
Amblyomma and Hyalloma, respectively. Although R. (boophilus) decoloratus was the most
prevalent 24.5% (23/94) the re-emerging R. (b) microplus 6.4% (6/94) were also identified.
Reports of R (b) microplus in Kenya, which is a highly invasive species, have previously only
been in the coastal region and its identification in other parts of the country implies possible
emergence of infestations and the associated diseases. Rickettsia were found in the ticks, with
Rickettsia (R.) conorii in H. rufipes and A. variegatum, R. aeschlimanii in R. (b) microplus
and H. rufipes and E. ruminantium and E. canis in A. variegatum. These Rickettsia have all
previously been reported in the tick vectors, but the zoonotic importance as well as economic

impact these pathogens in the smallholder farms needs to be investigated.

Although clinical disease was not evident in the study cattle, control measures remain
paramount since relapse of clinical disease due to Anaplasma and Ehrlichia is possible
especially when animals are stressed. This study provides the first report of A. platys and E.
minasensis infections in dairy cattle in Kenya. These are emerging pathogens, with A. platys
being considered potentially zoonotic. Further studies to characterise these pathogens
including their transmission and pathogenicity in cattle are recommended. There is need for
countrywide studies to determine the extent of spread of R. microplus tick so as to pre-empt

possible infections of cattle with pathogens it vectors such as B. bovis and E. minasensis.
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CHAPTER 1: INTRODUCTION

1.1 Background

Agriculture accounts for 26% of the Kenyan Gross Domestic Product (GDP) and of these,
40% is from livestock (FAO, 2020). Consequently, livestock production as a sub-sector
contributes 12% of the Kenyan Gross Domestic Product (GDP) (Behnke and Muthami, 2011).
Milk is by far the most important of the livestock products estimated to be four times more
important than meat (Kenya Markets Trust, 2019; De Jong et al., 2015). Approximately 80%
of milk in Kenya is produced by smallholder dairy farms commonly practicing integrated

livestock and crop production (MoALF, 2019; Odero-Waitituh, 2017).

There is high concentration of milk production in the urban and peri-urban areas of Kenya
owing to the product marketing influence and convenience of such areas (Thorpe et al., 2000).
This has been observed in Nairobi County where the high population of approximately 4.3
million people (Kenya National Bureau of Statistics, 2019) has raised the demand for milk
and other animal products thereby resulting in increased peri-urban farming (Kaitibie et al.,
2010). Despite the high potential and dominance of the dairy sector, its overall production
levels are lower than expected due to constraints of high cost of farm inputs and equipment,
low milk prices, suboptimal nutrition and diseases. Among the most important diseases that
contribute to this suboptimal dairy production are the tick-borne diseases (TBDs) (Rademaker

et al., 2016; Maingi and Njoroge, 2010; Wesonga et al., 2010).

East Coast Fever (ECF), anaplasmosis, babesiosis and ehrlichiosis are the major tick-borne
diseases of cattle in Kenya (Adjou Moumouni et al., 2015; Wesonga et al., 2017).

Anaplasmosis is only second to ECF in its impact on the smallholder dairy farms in peri-
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urban, Nairobi (Gakuya and Mulei, 2005). Anaplasmosis and ehrlichiosis are caused by the
bacteria in the genera Anaplasma and Ehrlichia respectively. In Kenya, anaplasmosis due to
Anaplasma marginale is the most widely reported, with few reports of A. bovis (Adjou
Moumouni et al., 2015; Njiiri et al., 2015). Anaplasma centrale has not been reported in
Kenya possibly because of the less pathogenic nature of the organism thus clinical disease is
rarely reported (Kocan et al., 2010a). The severity of disease condition due to A. marginale is
related to the extent of destruction of red blood cells and sudden deaths can occur in naive
cattle (Aktas and Oziibek, 2017; Kocan et al., 2010a). Elsewhere cattle have been
documented to be infected with A. phagocytophilum causing tick borne fever (Stuen, 2007;
Silaghi et al., 2018; Atif, 2015) and A. platys causing undescribed disease (Dahmani et al.,
2015; Ben Said et al. 2017). Noting the wide pathogen range that can potentially cause
anaplasmosis in cattle, it was paramount to investigate the specific pathogens in circulation in

dairy cattle in Kenya.

On the other hand, ehrlichiosis (heart water) is caused by Ehrlichia ruminantium which is
mainly a cattle pathogen (Allsopp, 2010). The disease causes severe economic losses in
Africa where approximately 150 million animals are at risk of infection (Allsopp, 2010; de la
Fuente, et al. 2008). The estimation of these losses in endemic areas such as Kenya is
complicated by the fact that farmers do not provide regular reports, definitive diagnoses are
hardly delivered (Allsopp, 2010) and infections often coincide with other TBDs such as
anaplasmosis and East Coast Fever (Allsopp, 2015). Despite this, the few economic studies
that have been carried out have pointed to quite substantial economic losses. A study in
Tanzania recorded economic losses of USD 22.6 million/year with cattle mortality accounting

for 8.8 million USD (Kivaria, 2006) while Melaku et al. (2014) reported losses from



mortalities, cost of acaricides and antibiotics, losses in milk and meat at approximately USD

7884.67 million/year in Ethiopia.

There have been few reports of ehrlichiosis in ruminants (Njiiri et al., 2015; Wesonga et al.,
2006) as well as its detection in ticks in Kenya (Omondi et al., 2017). The difficulty in
diagnosing ehrlichiosis due to its non-pathognomonic clinical signs has led to underestimation
of the economic losses, especially in endemic countries like Kenya (Allsopp, 2015).
Furthermore, its high economic importance, as reported in Tanzania and Ethiopia (Kivaria,
2006 and Melaku et al. (2014), necessitates continued investigation into the existence of this

pathogen so as to put in place appropriate control measures.

Tick-borne diseases are vectored by a number of tick species that are wide spread in Kenya
(Keesing et al., 2018; Oswe et al., 2018; Kariuki et al., 2012). Following the structural
adjustment policy affecting delivery of animal health services in Kenya in late 1980s, tick
control was greatly affected leading to an upsurge of tick borne diseases (Mutavi et al., 2018).
Thereafter, tick control and disease management was left in the hands of communities who
had little knowledge on control measures especially handling of acaricides (Mutavi et al.,
2018; Mugambi et al., 2012). The mishandling and misuse of acaricides (Sungirai et al., 2016;
Mugambi et al., 2012) has resulted in increased health risks to the environment, animals and
people (De Meneghi et al., 2016). Since then, tick-borne diseases have consistently been a
threat to the livestock sector in Kenya where it is estimated that nearly 80% of the animals are
affected and is estimated that one animal dies of TBD each second in Kenya (Kanduma,

2018).



The spatial distribution of tick vectors is related to the occurrence of the specific diseases they
transmit (Doudier et al., 2010). The problem of TBDs is enhanced by the dynamic population
of the tick-vectors and the increased susceptibility of exotic cattle breeds and their crosses,
which are commonly kept by the smallholder dairy farmers (Behnke and Muthami, 2011,
Kaitibie et al., 2010;). Additionally, the inevitable climate change, increase in human
population and the constantly evolving changes in land use patterns in Kenya especially urban
and peri-urban areas, are some of the reasons that have also led to changes in the
epidemiology and diversity of TBDs (Keesing et al., 2018; Rademaker et al., 2016; Mureithi
and Mukiria, 2015; Kilpatrick and Randolph, 2012). This has resulted in challenges of
predicting outbreaks of tick-borne disease and mapping of tick vectors (Keesing et al., 2018)
to guide in the control efforts. Other than climate change, the development in diagnostic
techniques and increased public health interest have resulted in detection of emerging
pathogens causing infections in both animals and human (Kilpatrick and Randolph, 2012;

Randolph, 2010).

Tick-borne diseases (TBDs) cause both economic losses and public health risks. Although the
exact economic impact has not been comprehensively evaluated and quantified in Kenya, they
have been shown to cause colossal losses through mortalities, chemotherapy, acaricide
application and decreased production through decreased weight gain and reduced milk yield
(Mugambi et al., 2012; Wesonga et al., 2010; Kivaria, 2006; Muraguri et al., 2005). McLeod
and Kristjanson (1999) approximated the economic losses associated with tick borne
pathogens in Kenya to be approximately Kshs. 30 billion (USD 281 million). In a case study
in Njiru Sub-county in Nairobi County, the livestock farmers reported that tick infestation and

tick-borne diseases have contributed to nearly 30% of food insecurity in the area (Mureithi



and Mukiria, 2015). This implies that households that depend on livestock lose their income
and animal proteins sources which have been shown to substantially reduce stunting in
children (Choudhury and Headey, 2018). Overall, there is increased poverty levels on the
livelihoods of livestock-dependent communities due to loss of income from production and
their sources of animal protein (Kanduma, 2018). Additionally, domestic animals have been
reported as potential reservoir for zoonotic infections (Ybafiez and Inokuma, 2016; Sen et al.,
2011), thereby posing health risk to animal owners who are in constant contact with them

(Chien et al., 2019; Mtshali et al., 2015; Parola and Raoult, 2001).

Smallholder dairy farming in peri-urban Nairobi, Kenya has been estimated to produce 4.3
million kilograms of milk annually with an annual rise in this value (Alarcon et al., 2017).
Despite the importance of the smallholder dairy farms, they are faced with unique challenges
mainly because of extensive land sub-division in the urban and peri-urban areas of the city.
This implies that there are small land sizes for cattle housing and minimal spaces for growing
of fodder (Alarcon et al., 2017). This coupled with minimal knowledge on animal welfare
concerns have resulted in farmers practising sub-optimal animal husbandry consisting of
dilapidated cattle houses, lack of roofing, inadequate walk alleys, rugged concrete or stone
floors with pot-holes that hurt the cattle hooves and accumulated slurry that prevent cattle
from lying down (Nguhiu-Mwangi et al., 2013; Aleri et al., 2012). These stressful conditions
decrease the immunity of the animals predisposing them to increased infections (Garry,

2008).

Moreover, the cattle are commonly housed close to the people’s houses and at times sharing

houses with people further posing health risk to the human occupants in the presence of



zoonotic infections (Alarcon et al., 2017). With the outsourcing of fodder and hay from
roadsides and in tick-infested areas (Kiambi et al., 2018; Rademaker et al., 2016), tick-borne
diseases remain a great threat to these production systems. It remains paramount to
understand the tick-borne pathogens circulating in these unique production systems with the

aim of mitigating their effects through appropriate control measures.

Therefore, this study was carried out to investigate the causative agents of tick-borne diseases
in the Anaplasma and Ehrlichia genera, assess the associated risk factors associated with their
occurrence as well as analyze Anaplasma and Ehrlichia spp. harbored by ticks infesting dairy

cattle in smallholder dairy farms in peri-urban Nairobi.

1.2 Problem statement

East Coast Fever, anaplasmosis and babesiosis have been considered to be the most important
tick borne diseases in Kenya (Rademaker et al., 2016; Adjou Moumouni et al., 2015;
Wesonga et al., 2010; Gakuya and Mulei, 2005). However, in the recent past (since 2014), a
number of dairy cattle examined by clinicians from the University of Nairobi Veterinary
Hospital (Ambulatory Services) have revealed infection of cattle with suspected ehrlichiosis
(unpublished data). Clinical presentation of the cases has been varied and unspecific with
some cattle appearing clinically healthy, others presenting with unthriftness,
lymphadenopathy, gradual loss in body condition with others succumbing to the infection.
The clinical presentation observed in the clinical cases is not typical of the commonly
reported tick-borne diseases in Kenya. On further microscopic examination in the laboratory,

moruli were observed in the white blood cells of the affected animals (unpublished data). The



pathogens involved in these infections remained unclear, hence the need for further

investigation.

Additionally, a retrospective review of the trend of tick-borne diseases screened
microscopically from the blood samples submitted to the hematology laboratory of
Department of Clinical Studies, Faculty of Veterinary Medicine, University of Nairobi (2010-
2019) revealed a rise in the incidence of bovine ehrlichiosis as other tick-borne diseases
decreased (unpublished data) (Figure 1.1). Using the percentage of infections calculated
against the total cases of TBDs reported in that period, the trends indicated a spike in the
cases diagnosed as ehrlichiosis in the recent past (2013-2019) (Figure 1.1). The broad
diagnosis of all these cases as ehrlichiosis raised the need to further understand the diversity
of the pathogen involved and to characterize potentially zoonotic pathogens that may be in

circulation.

Anaplasmosis and ehrlichiosis have been overlooked for a long time in Kenya. Although
these diseases do not cause high mortalities as compared to East Coast Fever (Muraguri et al.,
2005), the decreased productivity (Kocans et al., 2010a) and associated increased
susceptibility to other tick borne infections (Woldehiwet, 2010) cannot be underestimated.
Furthermore, they constitute a high number of zoonotic pathogens in the Anaplasmataceae
family (Eremeeva and Dasch, 2011). Investigation into the causative agents of anaplasmosis
and ehrlichiosis in smallholder dairy cattle in peri-urban Nairobi and the risk factors
associated with their occurrence will shed light into the disease burden they contribute to both

livestock and human populations.
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Figure 1.1: Trends in the percentage of cases of cattle diagnosed with various tick borne

diseases in the last 10 years using records from Hematology Laboratory, Department of

Clinical Studies, Faculty of Veterinary Medicine, University of Nairobi.

1.3 Objectives

1.3.1 Overall objective

To determine the prevalence, risk factors, molecular epidemiology and the tick vector
identification of Anaplasma and Ehrlichia species infecting dairy cattle in the smallholder

farms in peri-urban sub-counties of Nairobi County, Kenya.



1.3.2 Specific objectives
1. To determine the prevalence of Anaplasma and Ehrlichia pathogens infecting dairy
cattle in smallholder farms in peri-urban Nairobi.
2. To assess the risk factors associated with the occurrence of Anaplasma and Ehrlichia
pathogens in smallholder dairy farms in peri-urban Nairobi.
3. To detect and characterize the specific species of Anaplasma and Ehrlichia infecting
dairy cattle in the study area using molecular markers.
4. To identify ticks infesting dairy cattle in peri-urban Nairobi and the species of
Anaplasma and Ehrlichia they harbor.
1.3.3 Hypothesis
1. There is low prevalence of Anaplasma and Ehrlichia pathogens infecting dairy cattle
in smallholder farms in peri-urban Nairobi.
2. A varied number of household, management, animal level factors are responsible for
infection of dairy cattle with Anaplasma and Ehrlichia pathogens in the study area.
3. A wide range of Anaplasma and Ehrlichia pathogens including the zoonotic ones are
infecting dairy cattle in the study area.

4. Different genera and species of hard ticks infest dairy cattle in the study area and they
harbor various species of Anaplasma and Ehrlichia pathogens.
1.4 Justification

Despite the well-known economic and public health importance of tick borne diseases
worldwide and even in Kenya, there is limited information on the molecular epidemiology of
these diseases, especially those caused by parasites in the Anaplasma and Ehrlichia genera.
Some of the species in these genera are of zoonotic potential hence posing a health risk to
people when cattle are infected. The ambiguity of the clinical presentation of the reported

cases at the University of Nairobi, as well as unavailability of confirmatory tests being
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conducted at the laboratory, presented with a challenge of understanding the specific

pathogens infecting the dairy cattle, the risk factors of infections and the tick vectors.

The mentioned diagnosis of ehrlichiosis using presence of moruli in white blood cells is
ambiguous since a number of pathogens in the Family Anaplasmataceae can present with
moruli in bovine white blood cells (Aguiar et al., 2019; Cabezas-Cruz et al., 2019; Igbal et
al., 2019; Priyanka et al.,, 2017; Kasari et al, 2010). Moreover, the reorganization of
pathogens between the Anaplasma and Ehrlichia genera by Dumler et al. (2001) indicated the
close relatedness of these pathogen implying that definitive diagnosis should rely on

molecular diagnosis other than morphological identification.

This study therefore aimed at understanding and clarifying the tick-borne pathogens infecting
dairy cattle in the peri-urban areas of Nairobi using molecular techniques as well as assessing
farm management factors that are associated with their occurrence. Additionally, the study
analyzed ticks infesting these animals to determine the pathogens that they harbor. In
knowing the tick-borne pathogens in the Anaplasma and Ehrlichia genera infecting cattle,
veterinarians will be guided to consider these infections among their differential diagnosis,
prompting early diagnosis and treatment. Furthermore, by comprehending these infections
and the risk factors involved, appropriate control measures will be put in place thereby
ensuring healthy cattle. Consequently, this will contribute to food security, leading to poverty
eradication as envisioned in Sustainable Development Goal (SDG) 2. Moreover, healthy cattle
will have high production of both milk and meat hence increasing livestock’s contribution to
national GDP, thereby the attainment of two-digit economy as envisioned in Kenyan Vision

2030.
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CHAPTER 2: LITERATURE REVIEW
2.1 Etiology and transmission of anaplasmosis and ehrlichiosis
Anaplasma and Ehrlichia pathogens causing anaplasmosis and ehrlichiosis respectively are
obligate intracellular gram negative bacteria of the Family Anaplasmataceae and are of both
veterinary and public health concern (Eremeeva and Dasch, 2011; Rymaszewska and Grenda,
2008). The terms anaplasmosis and ehrlichiosis have been used loosely to refer to diseases
caused by pathogens in the genus Anaplasma and Ehrlichia respectively (The Center for Food

Security and Public health, 2013; Mcquiston et al., 2003).

The Family Anaplasmataceae has been of interest due to the growing emerging species of
zoonotic interest (Silaghi et al., 2017). Pathogens in this family multiply in intracellular
vacuoles called moruli found in the cytoplasm of cells in both vertebrates and invertebrates
(Kocan et al. 2010a). Reclassification of various species from the two genera has been
undertaken concluding that the genus Anaplasma has five species; A. marginale, A. centrale,
A. platys, A. bovis and A. phagocytophilum while the genus Ehrlichia has the species E.

ruminantium, E. chaffeensis, E. canis and E. ewingii (Dumler et al., 2001).

Anaplasma species documented to infect domestic ruminants including cattle are Anaplasma
marginale (A. maginale), A. centrale, A. ovis, A. bovis, A. phagocytophilum and more recently
A. platys (Park et al.,, 2018; Dahmani et al., 2015) while Ehrlichia ruminantium (E.
ruminantium) is the main species of Ehrlichia known to infect cattle (Allsopp, 2015).
Ehrlichia minasensis is an emerging Ehrlichia species that has been shown to infect cattle and
the disease condition it causes in cattle remains under study (Cabezas-Cruz et al., 2019;

Zobba et al. 2014). The Persistent Infection (PI) is a common state in animals infected with
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Anaplasma or Ehrlichia species where they remain asymptomatic but can act as source of
these infections to susceptible animals (Brown and Barbet, 2016; Kocan et al., 2010a; Garry,

2008).

Human disease has been associated with Anaplasma phagocytophilum, Anaplasma platys,
Ehrlichia chaffeensis, E. ewingii, E. canis and E. ruminantium (Bakken and Dumler, 2015;
Maggi et al., 2013; Louw et al., 2005). Despite close contact with animals infested with ticks
being identified as a risk factor for human infections with Anaplasma and Ehrlichia species
(Li et al., 2011; Vorou et al., 2007), this practice is still common in Kenya (Alarcon et al.,
2017; Ndeereh et al., 2016). There is need to investigate the occurrence and identity of these

pathogens in cattle so as to control them and prevent potential infections in humans.

The tick bites are the main mode of transmission of Anaplasma and Ehrlichia species
(Baneth, 2014). In addition to bacteria, ticks can also transmit rickettsia, protozoa and viruses
(Rajput et al.,, 2006; Shyma et al., 2013). Ticks are only second to mosquitoes in
transmission of important animal and human diseases (Parola and Raoult, 2001). In addition
to transmission of pathogens, they can also cause tick toxicosis and tick worry (Shyma et al.,
2013). The ability of hard ticks to feed for long hours and painless bites facilitate the
transmission of pathogens (Stuen et al., 2013). While few ticks such as Ixodes spp are
attracted to human and can transmit pathogens (Atif, 2015; Stuen et al., 2013), others like
Rhipicephlus microplus do not feed on people (Parola et al., 2003). Generally, ticks feed on a
variety of hosts, both wild and domestic animals but humans are usually a coincidental host

(Alberti et al., 2005).
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Anaplasma marginale is transmitted by Rhipicephalus (boophilus) microplus (Aguirre et al.,
1994) although other ticks’ species can still transmit (Kocan et al., 2004). The closely related
Anaplasma centrale is transmitted by Rhipicephalus simus (Potgieter and van Rensburg,
1987) while A. bovis has been detected in a number of Rhipicephalus and Ambylomma species
(Omondi et al., 2017). Anaplasma phagocytophilum is transmitted by Ixodes ticks in the
temperate regions (Stuen et al., 2013), but multiplicity of ticks and mites and possibly tick-
infested migratory birds transmit the organisms in other areas (Stuen, 2007). Rhipicephalus
sanguineous is the vector known to transmit A. platys (Pesapane et al., 2019; Ybariez et al.,
2016). Amblyomma ticks are the known vectors that transmit E. ruminantium (Allsopp, 2010)
but biting insects and blood transfusion could also transmit these organisms (Al-badrani,
2013). Ticks have been shown to develop a persistent infected state to allow them transmit

these pathogens to hosts (Kocan et al., 2003).

In addition to tick vectors, other modes of transmission have been documented. Mechanical
transmission through fomites and biting flies is common for Anaplasma marginale (Kocan et
al., 2010a) while iatrogenic transmission has been observed at the peak of routine procedures
in farms (Garry, 2008). Vertical transmission of E. ruminantium in small ruminants (Bonto
Faburay et al., 2007a) and cattle (Deem et al., 1996) has also been reported. Migratory birds
and cattle egrets can provide alternative routes of transmission for these pathogens across
continents (Atif, 2015; Bjoersdorff et al., 2001; Stuen 2007) resulting in temperate pathogens
being detected in the tropics. There being a wide range of potentially pathogenic Anaplasma
and Ehrlichia species, clarifying the specific species involved in the infections in dairy cattle

in peri-urban areas of Nairobi is paramount so as to develop targeted control measures.
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2.2 Prevalence of anaplasmosis and ehrlichiosis

Assessment of prevalence of tick-borne pathogens influences the need to put in place control
measures (Uilenberg, 1995). Anaplasma marginale is an important pathogen that has been
detected widely in Africa (Ben Said et al., 2018; Hove et al., 2018; Mekonnen et al., 2002).
The prevalence reported is varied depending on geographic location; East Africa at 50%
(Adjou Moumouni et al., 2015), Southern Africa 97.3% (Fernandes et al., 2019), North Africa
19.4% (Dahmani et al., 2019) and West Africa 39.1% (Lorusso et al., 2016). This wide spread
distribution of A. marginale may be associated with the tropical and sub-tropical climate
common in Africa which supports the vector ticks Rhipicephalus (boophilus) species

(Constable et al., 2017).

Reports of A. bovis infection in cattle have been relatively low ranging between 0.4 and 4.4%
(Rjeibi et al., 2018; Belkahia et al., 2015; Ceci et al., 2014; Muhanguzi et al., 2010) except
for a study in western Kenya that reported 39% in indigenous calves ((Njiiri et al., 2015).
Although the clinical significance of A. bovis is low when evaluated singly, the overall effect

of infections with multiple pathogens needs to be investigated.

Low prevalence of A. phagocytophilum has been reported in Africa as observed by Teshale et
al. (2018) in Ethiopia and Muhanguzi et al. (2010) in Uganda where they recorded similar
prevalence of 2.7% in cattle. Contrary to this, Dahmani et al. (2015) reported a high
prevalence of 41% in cattle in Algeria. This may be explained by the use of a new marker

gene to detect Anaplasma species contrary to the one used by the previous authors.
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There has been relatively low prevalence (based on molecular techniques) of E. ruminantium
in Africa including Kenya; 0.6% in Ethiopia (Teshale et al., 2018), 0.4% in Kenya (Njiiri et
al., 2015), 1.1% in Nigeria (Lorusso et al., 2016) and 1.7% in Uganda (Byaruhanga et al.,

2015).

Co-infections are a consistent finding by many studies investigating Anaplasma and Ehrlichia
species (Ben Said et al., 2018; Rjeibi et al., 2018; Adjou Moumouni et al., 2015; Belkahia et
al., 2015; Njiiri et al., 2015). This is explained by multiple pathogens that can be present in a
tick at the same time (lweriebor et al., 2017; Mtshali et al., 2015), facilitating multiple

infections (Raileanu et al., 2018; Eremeeva and Dasch, 2011).

2.3 Risk factors for anaplasmosis and ehrlichiosis

Abiotic and biotic factors influence the occurrence of anaplasmosis and ehrlichiosis. The
abiotic factors include seasonality, geographic location, climatic conditions and management
practices while biotic factors are age, breed, sex, tick infestation and physiological status (Ben
Said, et al., 2018). Some of the abiotic factors influence distribution of the tick vectors and
thereby the associated pathogens (Tembo et al., 2018; Walker et al., 2014a). Important
management factors in smallholder dairy farms include housing, sources of feeds, parasite
control and biosecurity measures (Sivakumar et al., 2017; Nguhiu-Mwangi et al., 2013; Aleri

etal., 2012).

Management factors especially stressors due to housing and nutrition have been shown to
influence the animals’ immunity thereby the response to infection (Abuelo, 2020). Acaricide

application, frequency of application as well as the presence of the tick vector have an
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influence on the occurrence of Anaplasma and Ehrlichia infection (De Meneghi et al., 2016;
Mugambi et al., 2012; Swai et al., 2008). Indeed, Belkahia et al. (2015) reported increased
Anaplasma infections in farms with poor management. Animal movement and presence of

wildlife are also potential risk factors for the infection (Adjou Moumouni et al., 2015).

Host factors affects development and severity of Anaplasma and Ehrlichia infections.
Younger animals up to 2 years tend to be resistant to Anaplasma marginale infections or may
develop mild signs (Constable et al., 2017; Kocan et al., 2010a). This resistance has been
associated with passive immunity passed through colostrum although other unexplained
factors tend to play a role (Constable et al., 2017; Garry, 2008). Despite this, when stressors
such as starvation, transportation or extreme weather conditions are present, the animals still
come down with the clinical disease (Garry, 2008). On contrary, younger animals are more
susceptible to E. ruminantium infections than adults (Melaku et al., 2014). Similarly, E.
minasensis has been reported to cause severe disease in calves than adults with the later
commonly being persistently infected and acting as sources of infections to the calves

(Aguiar, 2017).

The exotic dairy breeds of cattle and their crosses which are commonly kept in peri-urban
Nairobi due to their high milk production (Rademaker et al., 2016), have higher susceptibility
to tick-borne diseases (Mattioli et al., 2000). Some physiological states of the cattle such as
pregnancy and lactation suppress immunity predisposing cattle to infection (Leblanc, 2020;
Kocan et al., 2010b). The variability in the management practices of cattle kept in peri-urban
areas of Nairobi necessitates the need to assess important risk factors that predispose cattle to

infection by Anaplasma and Ehrlichia species.
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2.4. Pathogenicity and clinical signs of anaplasmosis and ehrlichiosis

The pathogenicity and disease caused by Anaplasma and Ehrlichia species varies with the
specific pathogen and the host affected (Eremeeva and Dasch, 2011; Rar and Golovljova,
2011; Gajadhar et al., 2010). Anaplasma marginale causes anaplasmosis in domestic and wild
ruminants. Kocan et al. (2010a) describes the disease associated with this pathogen to be
either paracute where animals die without any prior signs, occurring in highly susceptible
animals or acute form which is common in endemic areas. In the acute form, animals present
with fever, pale mucous membranes, drop in milk production, abortion in pregnant animals
and infertility in males, gastrointestinal signs associated with dehydration with few animals

presenting with neurologic deficits (Aktas and Oziibek, 2017).

Anaplasma centrale is a closely related pathogen to A. marginale although they differ in their
morphology and virulence (Rymaszewska and Grenda, 2008). Some authors even think that it
is a naturally attenuated strain of A. marginale (Rar and Golovljova, 2011). Anaplasma
centrale causes a mild disease to cattle but its infection results in immunity to A. marginale
(Kocan et al., 2003). On this basis live vaccines against A. marginale have been developed

(Kocan et al., 2010a).

Anaplasma bovis is a monocytic pathogen infecting cattle, goats, wild deer (Yang et al., 2015;
Ceci et al., 2014; Liu et al., 2012) and sometimes dogs (Sakamoto et al., 2010). The infection
is commonly asymptomatic but when the clinical disease occurs, it presents with fever,
lymphadenopathy, pale mucous membranes and reduced weight gain (Noaman and Shayan,

2010). Although A. bovis has been detected in cattle in Kenya (Njiiri et al., 2015), little
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emphasis has been placed on it as an economically important pathogen. Co-infections with
this pathogen are common (Rjeibi et al., 2018; Belkahia et al., 2015) therefore its role in
enhancing the pathogenicity of other Anaplasma species needs to be investigated (De Waal,

2000).

Anaplasma phagocytophilum is a zoonotic species known to infect white blood cells of a wide
range of hosts (Eremeeva and Dasch, 2011; Stuen, 2007). Its indiscriminate host range has
been associated with high adaptability and its capacity to circumvent host immune pathways
(Silaghi et al., 2018; Stuen, et al., 2013). It is among the most important tick-borne zoonosis
causing life threatening disease to humans (Bakken and Dumler, 2015). Since livestock and in
particular cattle have been documented as potential domestic reservoirs (Atif, 2015; Noaman
and Shayan, 2009; Stuen et al., 2013), caution is needed in the various management practices
to minimize potential transmission. In cattle, A. phagocytophilum mainly affects the weak
animals and presents with unspecific clinical signs such as fever, abortion and reduced weight
gain (Stuen et al., 2013). The greatest challenge is the immunosuppression caused by this

pathogen thereby predisposing animals to secondary bacterial infection (Woldehiwet, 2010).

Anaplasma platys has been known to be a dog pathogen that causes canine infectious cyclic
thrombocytopenia (Pesapane et al., 2019). Zobba et al. (2014) in their study investigating
Anaplasma pathogens in Mediterranean region, detected pathogens closely related to A. platys
in cattle and goats. These pathogens were however detected in the neutrophils and had high
sequence identity of 93% to the platelet associated organisms. A suggestion that a cell tropism
may have occurred. Subsequently a number of other authors have detected A. platys-like

pathogens in cattle (Chien et al., 2019; Dahmani et al., 2019; Fernandes et al., 2019; Dahmani
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et al., 2017a). This could be explained by the diverse evolutionary adaptations of the
pathogens in the anaplasmataceae family enabling them to infect different cells of the
hematopoietic system as well as endothelial cells (Eremeeva and Dasch, 2011). The
implication in the diagnosis needs to be considered noting a possible cross reaction with other

neutrophil associated pathogens like Anaplasma phagocytophilum.

Ehrlichia ruminantium is the major Ehrlichia pathogen causing ehrlichiosis in cattle. It has
been associated with great economic losses in cattle in Africa and Carribean Islands (Allsopp,
2010). Due to its serious socio-economic impact on the livelihood of communities, Ehrlichia
ruminantium infection has been OIE (World Organization for Animal Health) listed as a
notifiable disease (OIE, 2018a). Clinical disease due to E. ruminantium is commonly overt
and is characterized by fever, emaciation, pale mucous membranes and lymphadenopathy
(Melaku et al., 2014; Njiiri, 2012). The indiscriminate nature of this pathogen allows it to
infect a range of other animals including dogs and wild animals (Peter et al., 2002; Allsopp
and Allsopp, 2001). The zoonotic potential of this pathogen has been suspected following the
death of 3 children in South Africa who presented with neurologic symptoms and on post-
mortem the moruli were observed in endothelial cells of the brain and E. ruminantium DNA
detected in their tissues (Louw et al., 2005). The continued investigation into this pathogen

would deepen the understanding into its pathogenicity and possible reservoir hosts.

The clinical disease associated with the emerging E. minasensis is characterized by fever,
depression and lymphadenopathy (Aguiar et al., 2019; 2014). Although the acute form of the
disease leading to fatality has been reported in a calf in Brazil (Aguiar et al., 2019), the

common clinical disease is asymptomatic and closely related to chronic canine ehrlichiosis
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(Aguiar et al., 2017). An overlap in the clinical signs of E. ruminantium and E. minasensis
such as fever and lymphadenopathy has been reported but postmortem findings are very
different (Aguiar et al., 2019). While the gross findings in E. ruminantium infection are
associated with increased permeability of endothelial cells therefore hydrothorax, hydro
pericardium, edema in lungs and brain (Allsopp et al., 2015; Melaku et al., 2014) those of E.
minasensis are mainly diffuse swelling of the lymph nodes especially the mesenteric ones

with no lesions in other organs (Aguiar et al., 2014).

Ehrlichia chaffeensis causes disease in dogs and humans. The human disease manifests with
varying symptoms; fever, headaches, muscle pains, malaise, nausea, abdominal pain, non-
productive coughs with some severe cases of renal failure and neurological problems (Ismail
et al., 2010; Li et al., 2011; Aktas et al., 2010). Majority of the cases have been related with
occupation, indicating higher incidence among the peasants keeping livestock (Stuen et al.,
2013; Li et al., 2011). Recently, Jagero et al. (2016) and Kitaa (2014) detected E. chaffeensis
in buffalo and dog respectively for the first time in Kenya. The epidemiological role of
ruminants as reservoirs for E. chaffeensis is not known since there is no documented natural
infection apart from the experimental infection of calves by Delos Santos et al. (2007).
Ehrlichia canis which is typically a canine pathogen has also been reported to cause human
disease (Perez et al., 2006). The strain involved in this infection appeared different since the
patients did not mount immune response typical to E. canis infection in dogs. Confirmation of
the species of the pathogen circulating in a given geographic area would aid in early diagnosis

and intervention.
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2.5. Diagnosis of anaplasmosis and ehrlichiosis

The clinical diagnosis of anaplasmosis and ehrlichiosis is very challenging due to the
ambiguity in the clinical signs or subclinical presentation in both animals and humans thus
necessitating the use of laboratory techniques (Battilani et al., 2017; Silaghi et al., 2017; Jin et
al., 2012). The available diagnostic techniques are microscopy, serology and molecular based
(Ybaiiez et al., 2014; Gokce et al., 2008). The decision to use one or the other or a
combination of these techniques, depends on the degree of sensitivity required, the stage of

the infection (Jin et al., 2012) and the availability of the test.

Presumptive diagnosis of Anaplasma or Ehrlichia pathogens can be made on microscopic
observation of moruli in the cytoplasm of white blood cells or erythrocytes. Microscopy has
routinely been used since it is cheap and easily availability (Al-badrani, 2013; Noaman and
Shayan, 2009; Dumler et al., 2005). The results depend on one’s experience and at times
artefacts can be confused for moruli, hence the low sensitivity that has been associated with
this technique (Teshale et al., 2018, 2016; Eremeeva and Dasch, 2011; Walker et al., 2004).
Moreover, the method cannot differentiate the different species of the organisms (Paddock
and Childs, 2003). Nevertheless, Atif (2015) emphasizes its usefulness in acute phase of the

infections but its accuracy declines rapidly thereafter.

Several serological tests have been developed to detect infections with Anaplasma and
Ehrlichia pathogens; these include competitive enzyme-linked immuosorbent assay
(CELISA), indirect ELISA, card agglutination test and indirect fluorescent test (IFAT) (OIE,
2008). Competitive enzyme-linked immuosorbent assay has been particularly used to detect

carrier animals and those that are persistently infected (Brown and Barbet, 2016). Serological
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tests have been used to detect exposure to Anaplasma and Ehrlichia infection but not
necessarily an active infection (Njiiri et al., 2015; Muhanguzi et al., 2010). Despite their high
sensitivity compared to microscopy (Milner and van Beest, 2013; Da Costa et al., 2005),
cross-reactivity between species remains a major challenge (Atif, 2015; Dreher et al., 2005;
Semu et al., 2001). This has been associated with genetic relatedness of the pathogens
(Dumler et al., 2001). The challenges of cross reactivity and the fact that hosts are usually
sero-negative at the initial stage of the infection implies that direct methods; mainly molecular

needs to be used for diagnosis (Silaghi et al., 2017).

Molecular techniques are the most sensitive methods for diagnosis of Anaplasma and
Ehrlichia infections and are used as confirmatory tests ( M’Ghirbi et al., 2016; Dahmani et
al., 2015; Njiiri et al., 2015). They involve the use of marker genes to detect pathogen’s DNA
in whole blood or buffy coat (Dumler et al., 2001; Sen et al., 2011). They overcome
challenges of crossreactivity with closely related species in additon to detection of strain
variation of pathogens, thereby their differences in virulence (Al-Khedery and Barbet, 2014;
Dunning Hotopp et al., 2006). Moreover, these techniques allow for sequencing and
phylogenetics so as to predict future patterns of invasion and diversity (Eremeeva and Dasch,

2011; Ogden and Rosenberg, 2006).

The conserved gene 16S rRNA has been extensively used as a sensitive tool for detection and
phylogenetic classification of Anaplasma and Ehrlichia species (Dumler et al., 2001; Lewis
2001). Other authors have used it in combination with other genes such as heat shock protein
(groEL), citrate synthase (gltA), 23S rDNA and major surface protein 4 gene (msp4)

(Belkahia et al., 2015; Dahmani et al., 2015; Ybafiez et al., 2014). Combined gene assays are
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used to enhance sensitivity since genes with multiple copies such as membrane surface
proteins (MSP) are more sensitive for detection of Anaplasmataceae while more conserved
genes (16S rRNA) are useful for database cross matching and sequence comparisons (Silaghi
et al., 2017). Nevertheless, when detecting species in the genera Anaplasma, Ehrlichia and
Rickettsia simultaneously, 16S rRNA has been used singly (Soares et al., 2020). Therefore,
the current study utilized 16S rRNA gene to confirm the Anaplasma and Ehrlichia species in

circulation among dairy cattle in the study area as well as pathogens harboured by the ticks.

2.6. Treatment and control of anaplasmosis and ehrlichiosis

Long-acting tetracycline is the main drug used both for treatment and prophylaxis of
anaplasmosis and ehrlichiosis in livestock (Dinkisa, 2018; Hove et al., 2018; Melaku et al.,
2014; Stuen et al., 2013). However, rifamycin and sulphonamides have also been shown to be
effective (Dinkisa, 2018). Enofloxacin has been used to clear the carrier state which is
commonly not cleared by tetracycline (Kocan et al., 2010). On the other hand, doxycycline is
the recommended drug for Anaplasma and Ehrlichia infections in dogs and humans (Kitaa et

al., 2014; Botelho-Nevers et al., 2012; Chapman et al., 2006).

Current disease prevention and control strategies in domestic animals are based on the
reduction of tick-infestation by chemical acaricides such as organophosphates, carbamates or
pyrethrines through dipping or with variety of pour-on applications (Kanduma 2018; Minjauw
and Mcleod, 2003). This is not always effective when the aspects of controlling pathogens in
the wildlife are not incorporated ( Walker et al., 2014b; Kariuki et al., 2012). Moreover, the
widespread acaricide resistance especially among the one host tick reduces the effectiveness

of this method (Vudriko et al., 2016; Jonsson, 2006). Other factors such as method of
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application, spraying at the tick predilection sites and correct dilution of acaricide have been
thought to influence its effectiveness (Wesonga et al., 2017). To reduce environmental
contamination by acaricides that can potentially pose health risk to animals and humans, use
of footbath dips have been advocated (Stachurski, 2000). A multiple strategy approach
involving compulsory dipping of animals, movement restriction, isolation of sick animals and
restricting transportation has been encouraged to eradicate some of the important tick borne

diseases (Walker, 2011).

Killed and live attenuated vaccines have been developed to control clinical signs associated
with Anaplasma and Ehrlichia infections (Kocan et al., 2003; Palmer et al., 1999). These
however, do not protect against persistent infected state which is largely responsible for
mechanical and vector transmission (Kocan et al., 2010b), while others do not provide
adequate protection against the clinical disease (Eskeland et al., 2019). Re-infection remains a
challenge when animals are exposed to areas with different strains of the pathogen (Faburay
et al., 2007a). Despite this vaccination has been thought to be economical in comparison to
the huge economic losses incurred due to tick-borne diseases (De Waal, 2000). Alternatively,
infect and treat regimes in calves infected with A. marginale have been attempted although
post-inoculation reactions have been observed (Kocan et al., 2010b). Identifying the major
pathogens in a given geographic area and evaluating the available control strategies will guide

on choosing the appropriate action.

2.7. Molecular classification of Anaplasma and Ehrlichia pathogens
Anaplasma and Ehrlichia pathogens are intracellular gram negative bacteria that reside as

moruli in eukaryotic cells (Ismail and McBride, 2017). They consist of a small genome (0.8-
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1.5Mb) thereby relying mostly on the host cell for survival (Dunning Hotopp et al., 2006). On
molecular analysis of the 16S rRNA and heat shock protein (groEl) gene, the
Anaplasmataceae family consists of Anaplasma, Ehrlichia, Neorickettsia and Wolbachia
genera (Dumler et al., 2001). This reclassification was based on their molecular
characteristics rather than the previously used criterion of their morphology, ecological,

epidemiological and clinical presentation (Dumler et al., 2001).

The phylogenetic trees constructed using 16S ribosomal RNA (rRNA) gene yielded 4 distinct
clades. These were; Anaplasma (including formerly Ehrlichia phagocytophila group,
Ehrlichia platys and Ehrlichia bovis), Ehrlichia (including Cowdria ruminantium),
Wolbachia and Neorickettsia (including Ehrlichia sennetsu and Ehrlichia risticii) (Ybafez et
al., 2014; Dumler et al., 2001). Ehrlichia phagocytophilum, E. equi and an agent causing
human granulocytic ehrlichiosis were reclassified as one pathogen Anaplasma
phagocytophilum (Ismail et al., 2010; Woldehiwet, 2010). The 16S rRNA gene can be used
for confirmation of species where 97% similarity has been recommended as cutoff for similar
species (Janda and Abbott, 2007). The close relatedness of these pathogens has influenced

diagnosis where cross-reactivity remains a great challenge especially when using serology.
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CHAPTER 3: MATERIALS AND METHODS
3.1 Study area
The study was conducted in the peri-urban areas of Nairobi County in which Nairobi, the
capital city of Kenya is located (highlighted in red in the location of Nairobi County within
the map of Kenya, with the magnified map of the study area indicated by a blue arrow in

Figure 3.1).

The county lies at 1.28333 latitude and 36.81667 longitude and 1795 m above sea level. The
average temperature of Nairobi County is 19° C while the annual rainfall is 869mm. The
average It consists of 17 sub-counties, the highest number of administrative units in a single
county in Kenya. The city has a population of 4.3 million people (KNBS, 2019). Livestock
keeping is practised at the peri-urban areas of the city and the main livestock kept are dairy
cattle, small ruminants (sheep and goats), pigs, broilers, layers, broilers and indigenous
chicken (Alarcon et al., 2017). The smallholder dairy production systems constitute nearly
80% of Nairobi peri-urban dairy farming and these have been established to meet the high
demand for the milk within small land sizes. The only previous study that investigated TBDs

in peri-urban areas of Nairobi reported an incidence of 7.7% (Gakuya and Mulei, 2005).

For purposes of data collection, the county was mapped into four quadrants, taking the central
business district (CBD) as the center. The north quadrant bordered by Thika road and Waiyaki
Way (A), the east quadrant bordered by Mombasa road and Thika road (B), south quadrant
bordered by Lang’ata road and Mombasa road (C) and the west quadrant bordered by

Lang’ata road and Waiyaki Way (D) (Figure 3.1).
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MAP OF NAIROBI CITY COUNTY
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3.2 Sample size calculation

The prevalence of Anaplasma and Ehrlichia species was presumed to be 11.4% from an
average of previous studies in Western Uganda by Muhanguzi et al. (2010) at 5.2%, Iran at
24% (Soosaraei et al., 2020) and Sudan at 5.1% (Eisawi et al., 2020). Using the Cochran’s
sample size calculation formula (Bartlett et al., 2001), the sample size was calculated as

follows:

Sample size = (Z1-a2?p (1-p))/ d? where;

Z1-a2? = Standard normal variate (at 5% type 1 error (p < 0.05) it is 1.96)

p = Expected proportion of Anaplasma and Ehrlichia infection in the population based on
previous studies

d = absolute error of precision (5% was used)

(1.962 X 0.114 (1-0.114))/ 0.052 = 156 cattle

A minimum of 156 cattle were to be included into the study.

A smallholder dairy unit in peri-urban Nairobi has been described to have 1-5 dairy cattle
(Alarcon et al., 2017; Nguhiu-Mwangi et al., 2013) with nearly 71% keeping 1-3 cattle
(Odero-Waitituh, 2017). Taking the median number of animals per farm to be 3 dairy cattle, a
minimum of 52 farms were required. Consequently, the number of cattle recruited from the
four sub-counties were as follows: Dagoretti - 105 cattle in 53 farms, Kasarani - 102 cattle in
38 farms, Lang’ata - 60 cattle in 10 farms and Westlands - 47 cattle in 8 farms. These were

randomly selected as described below.
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3.3 Study design

This study was approved by the Biosecurity, Animal Use and Ethics Committee (BAUEC) at
the Faculty of Veterinary Medicine, University of Nairobi, Kenya (FVM BAUEC/2016/122).
Blood collection in the cattle was carried out in accordance with the guidelines laid down by
BAUEC requiring keen adherence to animal welfare and strict observance of biosecurity

measures during handling of infectious materials.

In each of the four study quadrants of Nairobi County, purposive sampling was used to
identify one sub-county with the highest cattle population and with a database of dairy farms
for inclusion to the study. The sub-counties identified in each quadrant were Westlands (north
quadrant), Kasarani (east quadrant), Lang’ata (south quadrant) and Dagorretti (west quadrant).
Using the databases kept in each sub-county veterinary office as the sampling frames, random

sampling was used to identify farms to be recruited to the study.

Every tenth farm listed was contacted on phone and the study was well described to the farm
owner. The farm owner then gave verbal consent if they were willing to participate, otherwise
if they declined to give consent, the next dairy unit was recruited. Cattle in the study farm
were grouped into three age groups (calves< 12 months, yearlings 12 < 24 months and adults
> 24 months). Maximum of two cattle in each age-group were included in the study for each
farm. If there were more than two cattle in the specified age-group in one farm, simple
random sampling was used to select the two. In this case, each animal was allocated a number

and this was inscribed on a piece of paper before folding it, then the farmer was asked to
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select two of the papers. The animals indicated on the papers that the farmer picked were to

be included in the study.

A pretested questionnaire was administered by the principal investigator to the animal owner
or the stockman who spent most time with the cattle to collect farm level management factors
(feeding system, source of fodder, cowshed cleaning, tick control, nature of housing,
introduction of new animals) as well as animal-level factors (age, sex, breed, and lactation
status) that were thought to be associated with occurrence of Ehrlichia and Anaplasma

infections (Appendix 1).
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3.4 Sample collection

3.4.1 Blood collection and serum harvesting

The study cattle were identified and physically restrained in a crush. Using the coccygeal
vein, a total of 6 milliliter (ml) of blood were collected using a syringe and needle after
swabbing the veni-puncture site with 70% alcohol-soaked cotton wool. Approximately 3 ml
of whole blood was put into ethylenediaminetetraacetic acid (EDTA)-coated vacutainers
(Becton Dickinson (BD) Vacutainer Systems Europe, UK) to be used for molecular analysis
while 3 ml was collected in plain vacutainers (Becton Dickinson(BD) Vacutainer Systems
Europe, UK) for ELISA assay. These were labelled by date and unique identity of animal

sampled and the farm of origin.

A thin blood smear was prepared immediately after collecting the blood while still in the
farm, labelled and fixed using absolute ethanol awaiting Giemsa staining later in the
laboratory. The blood smears and the blood collected from plain vacutainers were transported
to the Hematology and Biochemistry Laboratories in the Department of Clinical Studies,
University of Nairobi while the whole blood samples were transported in a cool box with ice
packs to the Molecular Laboratory at the Department of Public Health, Pharmacology and
Toxicology of the University of Nairobi and stored at -20°C pending subsequent analysis.
Blood collected in vacutainers without anticoagulant was allowed to stand for 2 hours and
then the serum was decanted into a labeled Eppendorf tube, centrifuged for 5 min at 6000
revolutions per minute (rpm), then decanted i