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ABSTRACT

Bionomics of vector-borne pathogens (VBPs) is a complex phenomenon that involves
understanding the ecology of arthropod borne pathogens and vertebrate hosts potentially involved
in their transmission cycles. Investigations into the bionomics of viral and bacterial VBPs
circulating in Baringo and Homa Bay Counties of Kenya were carried out. Specifically, vertebrate
hosts represented in mosquito bloodmeals, presence of arboviruses in blood fed mosquitoes and
patients presenting with acute undiagnosed febrile illnesses in rural health facilities, and tick borne
pathogens (TBPs) diversity in ticks of animals were identified. Mosquitoes were trapped by BG
sentinel and CDC light traps, while ticks were sampled directly from domestic animals and
tortoises close to human habitation along the shores and adjacent islands of Lakes Victoria and
Baringo in Kenya. Blood and sera were also sampled from patients presenting with acute febrile
illnesses visiting four rural health facilities in Homa Bay County. Mosquitoes and ticks were sorted
and identified to species using standard morphological taxonomic keys. All the biological samples
(blood-fed mosquitoes, ticks and blood/sera) were processed using molecular and culture
procedures for detection of VBPs (arboviruses, Ehrlichia, Anaplasma, Rickettsia and protozoa).
Among 445 blood-fed Aedeomyia, Aedes, Anopheles, Culex, Mansonia, and Mimomyia
mosquitoes, 33 bloodmeal hosts were identified including humans, eight domestic animal species,
six peridomestic animal species and 18 wildlife species. Further detection of Sindbis and
Bunyamwera viruses was done on blood-fed mosquito homogenates by Vero cell culture and RT-
PCR in Culex, Aedeomyia, Anopheles and Mansonia mosquitoes from Baringo that had fed on
humans and livestock. In TBPs assay, 585 tick pools were analysed consisting of 4,126 ticks
collected in both study areas. More ticks were sampled in Baringo (80.5%), compared to Homa
Bay (19.5%). In Baringo, agents of ehrlichiosis were detected from Amblyomma and

Rhipicephalus ticks including Ehrlichia ruminantium (12.3%), Ehrichia canis (10.5%) and



Paracoccus sp. (4.4%). Agents of anaplasmosis included Anaplasma ovis (7.2%), Anaplasma
platys (4.4%) and Anaplasma bovis (4.0%), all from Hyalomma, Amblyomma and Rhipicephalus
ticks, as well as agents of rickettsiosis, including Rickettsia africae, Rickettsia aeschlimannii,
Rickettsia rhipicephali, Rickettsia montanensis and a Rickettsia sp. that was not conclusively
characterized. Babesia caballi, Theileria sp. and Hepatozoon fitzsimonsi were also detected from
both Rhipicephalus ticks and Amblyomma ticks. In Homa Bay, Ehrichia ruminantium (17.5%) and
Ehrichia canis (9.3%) were isolated from Amblyomma latum and Rhipicephalus pulchellus, as
well as Anaplasma platys (14.4%) and Anaplasma ovis (14.4%) from Amblyomma and
Rhipicephalus species. In determination of the occurrence of arboviruses among patients
presenting with acute febrile illnesses, acute Bunyamwera 3 (0.9%) and Sindbis 2 (0.6%)
infections were detected by RT-PCR and cell culture and Sindbis seroprevalence was determined
by plaque assay. Though a significant proportion of these patients tested positive for low
Plasmodium parasitemia, none were co-infected with Plasmodium parasites and arboviruses. This

study highlights the presence and relative importance of zoonotic VBPs in both study areas.
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CHAPTER ONE

INTRODUCTION AND LITERATURE REVIEW

1.0 General Introduction

Arthropods are responsible for hundreds of million cases of diseases in humans, livestock
and wildlife each year (Gubler, 2001). In the last decade, there has been a global re-emergence of
infectious diseases in man and animals, especially vector-borne diseases with increased frequency
of epidemic transmission and expanding geographical distribution (Mableson et al., 2014). This
broad group of infectious vector-borne diseases encompass viral, bacterial and protozoan agents,
including mosquito-vectored malaria, Dengue, Chikungunya, West Nile, Rift Valley and Yellow
fevers, tick-vectored Tick-borne encephalitis, Crimean-Congo haemorrhagic fever (CCHF) and
bacterial pathogens such as Rickettsia, Anaplasma and Ehrlichia (Braks et al., 2011). A major
problem is that the most of these important vector-borne diseases occur in the tropics, usually
resource poor settings where surveillance is scarce (Maudlin et al., 2009). However, increase
globalization has led to frequent human and animal mobility due to air travel and commerce. These
have led to vector-borne pathogen (VBP) problems not only in the tropics, but to the rest of the
world (Marks, 1986). This underscores the need for understanding the ecology of VBPs and

possible transmission dynamics around humans, domesticated animal hosts and wildlife.

1.1 Vector-Borne Disease transmission

Vector-Borne Pathogens (VBPS) fall into four main taxa of microorganisms: nematodes,
protozoa, bacteria (including Rickettsia and Anaplasma spp.) and viruses. The majority of these

are zoonotic and have wildlife hosts serving as primary vertebrate hosts (disease reservoirs)
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(Cantas and Suer, 2014). Humans and domestic animals are considered incidental hosts for most
VBPs, and they may or may not contribute to the transmission cycle on a temporary basis; as a
result, they are not usually required for survival of the pathogen in nature (Medlock and Jameson,
2010). An arthropod may transmit disease agents from one person or animal to another in one or

two basic ways, as outlined below.

1.1.1 Mechanical transmission

This consists of a simple transfer of the organism on contaminated mouthparts or other
body parts. No multiplication or developmental change of the pathogen on or in the arthropod
takes place during this type of transmission (Gray and Banerjee, 1999). Examples of pathogens
that are transmitted in this way include various enteric viruses, bacteria, and protozoa that have a
direct fecal-oral transmission cycle. Horseflies (family Tabanidae) that frequent numerous hosts
over a short period of time, can transmit blood-borne and pathogens mechanically (Desquesnes et

al., 2013).

1.1.2 Biological transmission

The most important type of transmission by arthropods is biological transmission. In this
mode of transmission, pathogens must undergo some type of biological development in the body
of the arthropod vector in order to complete its life cycle. The four types of biological transmission
include propagative transmission which occurs when the pathogen is ingested with the bloodmeal
undergoes simple multiplication in the body of the arthropod. Arboviruses replicate extensively in
various tissues of mosquitoes, and are transmitted to a new host in the salivary fluid of the
arthropod when it takes a bloodmeal (Kuno and Chang, 2005). Cyclopropagative transmission is
where the pathogen undergoes a developmental cycle (changes from one stage to another) and

multiplication in the body of the arthropod. Malaria parasites in mosquito enters as gametocytes



and eventually give rise to >200,000 sporozoites (Gubler, 2009). Cyclodevelopmental
transmission occurs when pathogen undergoes developmental changes from one stage to another,
but does not multiply. Microfilaria ingested by a mosquito may result in only one third-stage
infective larva. In most instances, however, the number of infective larvae is significantly lower
than the number of microfilariae ingested with the bloodmeal. Some viruses and rickettsiae are
transmitted from the female parent arthropod through the eggs to the offspring. If the pathogen
actually infects the developing egg, this is termed ‘transovarial transmission’. With some
arboviruses, however, only the ovarial sheath and oviduct are infected, and the egg becomes
infected as it passes down the oviduct and is inseminated. This type is distinguished from
transovarial transmission and is called ‘vertical transmission’. In either case, the newly hatched
arthropod larval stages are infected with the pathogen, which is then transmitted to subsequent
development stages of the arthropod (‘trans-stadial transmission’). Venereal transmission of
certain viruses like LaCrosse virus in mosquitoes has also been documented (Tesh et al., 1972).
Thus, male mosquitoes that become infected transovarially or vertically can transfer the virus to
uninfected female mosquitoes in the seminal fluid during copulation (Tesh et al., 1972). Finally,
certain arboviruses have been shown to infect their tick or mosquito vectors when infected and
uninfected arthropods co-feed in close proximity to each other on the same vertebrate host in the
absence of viremia in that host. The virus is apparently attracted to the uninfected arthropod
through a chemo-tactic response to the salivary fluid injected into the bite wound thus getting into

the system of unfected arthropod to make it infected (Gubler, 2009).

1.2 Vector-borne disease transmission cycles

Vector-borne disease transmission cycles typically involve a set of important pathogen(s),

arthropod vector(s), vertebrate host(s), and occur within a variety of particular environments
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(Figure 1). Vector-borne diseases in general are especially ecologically sensitive since
environmental conditions can have dramatic effects on the vectors, pathogens, and potential hosts

involved in transmission (Campbell-Lendrum et al., 2005).

Wector-borne dissase transmission cycles.

Enzootic cycles Epizaotic cycles Epidemic cycles

Figure 1: General model of vector-borne disease transmission occur in three environments and
involve diversity of pathogens, hosts and vectors. The three environments and transmission
cycles can be classified as natural (enzootic) that occur in the forests, rural (epizootic) and
urban (epidemic) (Ellis and Wilcox, 2009).

1.3  Evolution of vector-borne pathogens

Facets of globalization that include increased human populations, global change in land
use and their effects on climate change exert selective pressures on pathogens, causing them to
evolve to take advantage of the new environments, including hosts and vectors. Both West Nile
Virus (WNV), Chikungunya virus (CHIKV), as well as other RNA viruses, evolve rapidly after

being introduced to new locations and encountering new anthropophilic vectors (Holmes, 2003).
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The evolution of these viruses makes them more adaptable to transmission by vectors. This has
been observed in new stains of WNV, which exhibit increased transmission efficiency in Culex
pipiens and Cx. tarsalis mosquitoes (Moudy et al., 2007, Kilpatrick et al., 2008). What has been
less appreciated is the selective pressure currently imposed on zoonotic pathogens to adapt to being
transmitted efficiently amongst humans by competent vectors like Anopheles gambiae and Aedes
aegypti, and to a slightly lesser extent, by vectors that sometimes feed on non-human mammals

and birds (Kilpatrick and Randolph, 2012).

1.4  Key mosquito vectors that spread human and animal pathogens

Kenya has abundant ecological zones that are favorable for mosquito vectors including the
genus Anopheles. Over 140 Anopheles species have been recorded with at least eight considered
to be effective vectors of malaria (Gillies and Coetzee 1987, Gillies and de Meillon 1968). Two of
the most efficient vectors of human malaria, Anopheles gambiae sensu stricto and Anopheles
arabiensis are members of the An. gambiae complex (White 1974). Other recognized species of
the complex are Anopheles merus, Anopheles melas, Anopheles quadriannulatus, Anopheles
quadriannulatus B and Anopheles bwambae. Anopheles merus and An. melas are associated with
salt-water with a localized distribution along the eastern and western coasts of Africa, respectively,
while An. bwambae has only been found breeding in mineral springs in the Semliki forest in
Uganda (Coluzzi 1984). Anopheles quadriannulatus, found in south-east Africa (Coluzzi 1984)
and An. quadriannulatus B, which has been described in Ethiopia (Hunt et al., 1998) are not
considered vectors of human malaria as they are generally zoophilic. In addition to the An. gambiae
complex, other species known to be important in malaria transmission in Kenya include Anopheles
nili, Anopheles moucheti and Anopheles funestus which belongs to the Funestus group of which

there are two African subgroups (Funestus subgroup includes Anopheles aruni, Anopheles

5



confusus, Anopheles funestus, Anopheles parensis, Anopheles vaneedeni; Rivulorum subgroup
includes Anopheles brucei, Anopheles fuscivenosus, Anopheles rivulorum, and An. rivulorum-like
species) (Gillies 1987, Harbach 2004). Several of these vector species are found to occur in
sympatry in much of Africa and their importance in malaria transmission varies depending on
behaviour (e.g. biting activity, feeding and resting preferences), seasonal prevalence and vectorial
capacity (Coluzzi 1984, Fontenille et al., 2004). These differences contribute to the varied malaria
epidemiological patterns observed in Africa and, subsequently, different areas may require

different tools and strategies for optimal vector control.

Other mosquito vectors common in Kenya are those of Rift Valley fever (RVF), which is
usually transmitted to mammals by mosquitoes, and mainly depends on the availability of
competent vectors, susceptible hosts, and suitable ecological and environmental conditions that
favor mosquito survival and reproduction (Fontenille et a., 1998, Diallo et al., 2000). RVF vectors
can be classified into two major groups, namely primary and secondary vectors. In Kenya, the
known primary vectors, Aedes mcintoshi Huang and Aedes ochraceus Theobald, are believed to
serve as reservoirs for the virus (Fontenille et a., 1998, Fontenille et a., 1994, Traore-Lamizana et
al., 2001). Breeding of these vectors has mostly been associated with characteristic shallow
depressions on land called “dambos” (Linthicum et al., 1985). The dambos are usually flooded
after heavy rainfall, resulting in mass emergence of floodwater Aedes mosquitoes (Linthicum et
al., 1985, Linthicum et al.,, 1984). The primary vectors maintain RVFv transovarially by
transmitting the virus through to the eggs (Linthicum et al., 1985). The infected eggs can enter
diapause in dry dambos for long periods and hatch into infectious mosquitoes during periods of
extended rainfall. This may result in transmission of the virus to nearby animals and human beings
when the vectors seek blood meals. Once primary transmission of the virus has taken place,

secondary vectors belonging to the genera Culex, Anopheles and Mansonia, which take over
6



flooded grounds for breeding, contribute to the amplification of the virus due to their ubiquitous
biting patterns, consequently resulting in outbreaks (Woods et al., 2002, MclIntosh and Jupp 1981,

Linthicum et al., 1999, Anyangu et al., 2007).

Arboviral diseases such as dengue, yellow fever and chikungunya fever are transmitted
from one susceptible host to another, principally by Aedes aegypti. These emerging and resurging
diseases cause global concern (WHO 2012, Kyle 2008). The global incidence of dengue has risen
rapidly in recent decades and the disease is now endemic in more than 100 countries in Asia,
Africa, and the Americas. Infections from arboviral diseases have also risen and are now estimated
at 50-100 million infections every year, with 21,000 fatalities (WHO 2009). This puts some 3.6
billion people, that is, half of the world's population, mainly in t