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Summary 

 

Most arbovirus isolations in East Africa have been recorded from mosquitoes but less 

information is available about tick-borne viruses including Crimean-Congo hemorrhagic fever 

virus (CCHFV), which is prevalent in Africa with a mortality rate of up to 40%. The study 

envisioned gaining an in-depth understanding of the circulation, transmission and diversity of 

tick-borne viruses in Ijara District of North Eastern Kenya, a pastoral ecozone with a defined 

population size of 19,259 that are served by 8 health facilities where arbovirus activity among 

mosquitoes, animals and humans is frequently reported. The study aimed at determining the 

prevalence of CCHF antibodies in humans that attend selected health facilities in Ijara District, 
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identify tick-borne viruses among tick vectors and genetic diversity of the tick-borne viruses 

circulating among ticks and/or their host animals.  

 

A total of 517 human serum samples were screened for the presence of IgG and IgM antibodies 

to CCHF using CCHF-IgG and IgM ELISA test kits (VectoCrimean-CHF-IgG and IgM ELISA; 

Vector-Best, Novosibirsk, Russia). A multivariable logistic regression model was used to 

investigate the exposure to CCHFV in patients enrolled in this study. In this first part of the 

study, a single patient tested positive for anti-CCHF IgM, while 96 were positive for anti-CCHF 

IgG, suggesting an overall seroprevalence of CCHFV in Ijara District of 19%. The results 

indicate the possibility of acute CCHFV infections occurring without being detected in this 

population. 

 

A total of 10,488 ticks were also sampled from livestock and wild animal hosts and processed in 

1,520 pools of upto 8 ticks per pool. The sampled ticks were classified to species, processed for 

virus screening by cell culture using Vero cells, RT-PCR, and sequencing. Bunyamwera (BUN), 

Dugbe (DUG), Ndumu (NDU), Semliki forest (SF), Thogoto (THO), and West Nile (WN) virus 

strains were isolated and identified.  

 

Phylogenetic analysis based on nucleotide sequences showed that the Kenyan isolates 

clustered closely to their respective reference strains. Semliki forest virus (SFV) isolate 

(ATH00510) sequence obtained by 454 sequencing, clustered closely to the Kenyan strains 

(HQ848388 and JF972635) isolated from mosquitoes sampled in North Eastern Province of 

Kenya. Ndumu virus (NDUV) (ATH002166) was similar to the Ugandan strain (JN989958). All 

BUNV strains isolated in the study clustered distinctively on a tree branching comprising viruses 

of Bunyamwera serogroup. The two Dugbe viruses detected in this study were highly similar to 
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each other and formed a cluster with the United Kingdom (NC004159 and U15018) strains. 

Thogoto virus was divergent from strains obtained from Germany, Senegal, Turkey, USA and 

Vietnam. WNV strains isolated in Kenya clustered relatively close to viruses isolated in Russia, 

Europe and the United States belonging to lineage 1 of WNV. The identification of WNV 

Lineage 1 in Ijara District brings in to light the ability of this virus to spread across wide 

geographical regions taking into consideration that this virus lineage is also found in Europe, 

America, India and the Middle East. These study findings provide additional evidence on the 

potential role of ticks and animals (both livestock and wildlife) in the circulation of tick-borne 

viruses as well as viruses previously known to be mosquito-borne. It also provides a basis in 

understanding the genetic diversity of arboviruses circulating in Ijara District. 
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Chapter 1 

 

Literature Review 

 

1.1 Introduction 

 

Arboviruses are viruses that survive in nature by transmission from infected arthropods 

(mosquitoes, ticks, sandflies and midges) to susceptible hosts (vertebrates) (Ochieng et al., 

2013). These viruses multiply within the tissues of the arthropod to produce high titres of virus in 

the salivary glands and are then passed on to vertebrates (humans and animals) by the bites of 

the infected arthropods (Kuno and Chang, 2005). Arboviruses constitute the largest biologic 

group of vertebrate viruses. At present, more than 550 arboviruses have been identified, among 

which are more than 130 virus species which can cause disease in susceptible vertebrate hosts 

including humans (Gao et al., 2010). Arboviruses of public health significance include members 

of the Flaviviridae, Bunyaviridae, and Togaviridae families (Donald et al., 2012). Approximately 

half of the isolations from field-collected arthropods are from mosquitoes and a third are from 

ticks; however, this difference may represent a sampling bias, since many more mosquitoes are 

collected and tested for viruses than ticks (Karabatsos, 1985, Sang et al., 2006).  

 

Tick-borne viruses are classified according to their antigenic relationships, morphology and 

replicative mechanisms (Alatoom and Payne, 2009). They are found in six different viral families 

(Asfarviridae, Reoviridae, Rhabdoviridae, Orthomyxoviridae, Bunyaviridae, and Flaviviridae) and 

at least nine genera (Lwande et al., 2013). Some as yet unassigned tick-borne viruses may 

belong to a seventh family, the Arenaviridae. With only one exception (African swine fever virus, 

[ASFV]), all tick-borne viruses are RNA viruses. Tick-borne viruses pose a significant threat to 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



2 

 

the health of humans (tick-borne encephalitis virus [TBEV], CCHFV) and animals (ASFV, 

Nairobi sheep disease virus [NSDV]) (Labuda and Nuttall, 2004). 

 

Tick-borne viruses predominantly cause acute central nervous system illness ranging from mild 

aseptic meningitis to encephalitis with coma, paralysis and death; acute short benign fevers with 

or without an exanthema; hemorrhagic fever that might be extensive, internal or external and 

associated with capillary leakage, shock, jaundice, liver damage and death; and polyarthritis 

and rash (Chin, 2000). The majority of human infections are asymptomatic or may result in a 

nonspecific flu-like syndrome and only a small proportion of infected patients’ progress to 

encephalitis (Alatoom and Payne, 2009). Humans are incidental hosts because they do not 

produce significant viremia and do not contribute to the transmission cycle (Alatoom and Payne, 

2009). They acquire infection during blood feeding by an infected arthropod vector. Laboratory-

acquired infections can also occur after handling of infected tissues and body fluids (Calisher, 

1994). These viruses can be diagnosed by serology, virus isolation in cell culture and molecular 

based assays (Hall et al., 2012).  

 

It is clear that certain demographic and societal changes in the past years have had a major 

impact on the ecology of tick-borne viral diseases. Modern transportation ensures faster and 

increased movement of humans, animals and commodities and their pathogens between 

regions and population centers of the world. Although the reasons behind this dramatic 

resurgence of tick-borne viral diseases are complex, Gubler (2002) listed the following factors: 

Demographic changes including global population growth, population movements and 

unplanned and uncontrolled urbanization; Societal changes such as human encroachment on 

natural disease foci, modern transportation, containerized shipping; Agricultural changes 

including changes in land use, irrigation systems, deforestation; Changes in pathogens due to 
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increased movement in humans and animals and genetic changes leading to increased 

epidemic potential; Changes in public health operations including lack of effective vector control, 

deterioration of public health infrastructure to deal with tick-borne viral diseases, lack of disease 

surveillance and prevention programs and probable climate change (Gubler, 2002). 

 

Surveillance reports based on virus isolations and serologicstudies in cattle from Kenya, the 

Central African Republic and South Africa have identified tick-borne viruses from the families 

Bunyaviridae, Flaviviridae, Rhabdoviridae, Reoviridae and Orthomyxoviridae (Sang et al., 2006, 

Butenko et al., 1981, Burt et al., 1996, Guilherme et al., 1996, Johnson et al., 1980). The most 

serious human pathogen among the tick-borne viruses in African regions is Crimean Congo 

hemorrhagic fever (CCHF) virus, a member of the Nairovirus genus that can cause fatal 

hemorrhagic disease (Elliott, 1997, Shepherd et al., 1987). Outbreaks of CCHF have occurred 

in China, South Africa, Pakistan and Russia (Burt et al., 1998, Khan et al., 1995, Weaver and 

Barrett, 2004).   

 

The identification of CCHFV in a patient in Kenya (Dunster et al., 2002) prompted the 

investigation of the prevalence of this virus and other tick-borne viruses in humans and vectors 

in Kenya. 

 

1.2 Classification of Arboviruses 

 

Arboviruses are classified into seven major virus families (Asfarviridae, Reoviridae, 

Rhabdoviridae, Orthomyxoviridae, Bunyaviridae, Togaviridae and Flaviviridae) and are 

transmitted by arthropods, mainly mosquitoes and ticks (Moreli and da Costa, 2013). 

Togaviridae (Alphavirus), Flaviviridae (Flavivirus) and Bunyaviridae (Bunyavirus) are the three 
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main virus families in which most clinically significant arboviruses belong. Alphaviruses and 

Bunyaviruses are usually transmitted by mosquitoes, Flaviviruses transmitted by either 

mosquitoes and ticks and Phleboviruses which are transmitted by sandflies (apart from Rift 

Valley fever virus (RVFV), which is mosquito-borne) (Calisher and Karabatsos, 1988, 

Karabatsos, 1985, Van Regenmortel and Fauquet, 2000). Examples of these arboviruses 

include O’nyong’nyong (ONN), Chikungunya (CHIK), Semliki forest (SF), Ndumu (NDU), Sindbis 

(SIN), West  Nile (WN), Bunyamwera (BUN), Thogoto (THO), dengue (DEN), yellow fever (YF), 

CCHF, Usutu (USU) and Kyasanur forest disease (KFD) amongst others. Arboviruses replicate 

in the arthropod vector (tick, mosquito, sandfly and midge) preceding transmission to the 

vertebrate host (animal and human) (Weaver et al., 1997). Arboviruses persist in the vector 

population by vertical transmission which involves passage of the virus from an infected 

arthropod vector to its progeny (Kuno and Chang, 2005).  

 

1.2.1 Classification of Tick-Borne Viruses 

 

Tick-borne viruses belong to 6 virus families (Asfaviridae, Orthomyxoviridae, Rhabdoviridae, 

Flaviviridae, Bunyaviridae and Reoviridae) (Nuttall, 2009). Each family is characterized by a 

unique genome organization and replication strategy. Thus tick-borne virus transmission has 

evolved independently at least six times during the phylogenetic period that can be traced today 

(Labuda and Nuttall, 2004). Among virus families containing arboviruses, only the Togaviridae 

(genus Alphavirus) does not contain any tick-borne members, although some mosquito-borne 

Alphaviruses (e.g. SIN) have occasionally been isolated from ticks (Gresikova et al., 1978). 

Eighty percent (80%) of tick-borne viruses are members of the Orbivirus, Nairovirus, 

Phlebovirus and Flavivirus genera in the Reoviridae, Bunyaviridae and Flaviviridae families 

respectively. 
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In general, the association between the arthropod and the transmitted virus is very intimate and 

highly specific. Comparatively few arthropod species act as vectors. In fact, less than 10% of 

the known tick species are incriminated as virus vectors and they are mostly found in large tick 

genera. For argasid ticks these are Ornithodoros and Argas and among ixodid ticks, virus 

vectors are found mostly in the genera Ixodes, Haemaphysalis, Hyalomma, Amblyomma, 

Dermacentor, Rhipicephalus and Boophilus. Some tick vector species transmit one or two virus 

species and a few transmit several species; Ixodes ricinus is a good example of the latter. It is 

widespread across most of the European continent reaching northern parts of Africa. In many 

forested areas, it is the most abundant tick species with a very broad vertebrate host range. All 

these features make it a highly efficient vector of several arboviruses and also a main vector of 

viruses from three different virus families, e.g. TBEV and louping ill Virus (LIV) of Flaviviridae, 

Tribec virus and Eyach virus of Reoviridae, and Uukuniemi virus of Bunyaviridae (Table 1).
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Table 1. Distribution of tick-borne viruses with associated tick species and animals 

 

Virus  
Classification: 
family genus Vector 

Animals 
affected  Disease  

Endemic 
presence 

African swine fever  
Asfarviridae; 
Asfivirus  Argasid spp. Pigs Systemic febrile illness Africa 

Colorado tick fever 
Reoviridae; 
Coltivirus Dermocentor andersonii 

Humans, 
small 
mammals  Systemic febrile illness 

North 
America 

Crimean-Congo 
hemorrhagic fever  

Bunyaviridae; 
Nairovirus  Hyalomma spp. Humans 

Systemic febrile 
illness/Hemorrhagic 
fever 

Africa, 
Asia, 
Europe  

Dugbe virus  
Bunyaviridae; 
Nairovirus  

A. variegatum, A. gemma, A. 
Lepidum, R. pulchellus Humans Systemic febrile illness Africa 

Kemerovo  
Reoviridae; 
Orbivirus Ixodes spp. 

Humans, 
Rodents, birds Systemic febrile illness Asia 

Kyasanur Forest  
Flaviviridae; 
Flavivirus Haemophysalis spp. 

Humans, 
small 
mammals  Encephalitis  India 

Louping ill virus  
Flaviviridae; 
Flavivirus Ixodes ricinus Sheep, cattle Encephalitis  British Isles 

Nairobi sheep 
disease 

Bunyaviridae; 
Nairovirus  Rhipicephalus appendiculatus Sheep, goats 

Hemorrhagic 
fever/gastroenteritis East Africa 

Omsk hemorrhagic 
fever  

Flaviviridae; 
Flavivirus Dermocentor reticulates Humans Hemorrhagic fever Asia 

Tick-borne 
encephalitis virus 

Flaviviridae; 
Flavivirus Ixodes spp. 

Humans, 
wildlife Encephalitis  

Europe, 
Asia 

Thogoto 
Orthomyxoviridae; 
Thogotovirus 

Boophilus, Amblyomma, 
Rhipicephalus, Hyalomma Sheep Abortion Africa 

 

Source: (Whitley and Gnann, 2002, Labuda and Nuttall, 2004, Pfeffer and Dobler, 2010)
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1.2.2 Classification of Mosquito-Borne Viruses 

 

Mosquito-borne viruses belong to the families Togaviridae, Flaviviridae and Bunyaviridae 

(Karabatsos, 1985, Gubler, 2001). They are found in the genus Alphavirus, Flavivirus and 

Bunyavirus (Feng et al., 2012) which include: eastern equine encephalitis virus (EEEV), western 

equine encephalitis virus (WEEV), Venezuelan equine encephalitis virus (VEEV), SINV, Ross 

River virus (RRV), CHIKV, Lacrosse virus (LACV), RVFV, California encephalitis virus (CEV), 

DENV, YFV, Zika virus (ZIKV), WNV, St. Louis encephalitis virus (SLEV), and Japanese 

encephalitis virus (JEV) (Table 2). The main focus of this study was on tick-borne viruses. 
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Table 2. Distribution of mosquito-borne viruses with associated mosquito species and animal hosts  

 

Virus  
Classification: 
family genus Vector 

Animals 
affected  Disease  

eastern equine 
encephalitis  

Togaviridae; 
Alphavirus  

Culex melanura, Culex (Melanoconion) 
spp. (Latin America) 

Passerine, 
birds 

Febrile illness, 
encephalitis 

Venezuelan equine 
encephalitis  

Togaviridae; 
Alphavirus  Culex (Melanoconion) spp. Rodents  

Febrile illness, 
encephalitis 

western equine 
encephalitis 

Togaviridae; 
Alphavirus  

Culex tarsalis, Culex quinquefasciatus 
(North America) Birds 

Febrile illness, 
encephalitis 

Chikungunya  
Togaviridae; 
Alphavirus  Aedes spp. Primates Arthralgia/rash 

O’nyong’nyong 
Togaviridae; 
Alphavirus  Unknown Unknown Arthralgia/rash 

Ross River 
Togaviridae; 
Alphavirus  Culex annulirostris, Oculerotatis vigilax Marsupials  Arthralgia/rash 

Dengue 1,2,4 (sylvatic 
genotypes)  

Flaviviridae; 
Flavivirus Arboreal Aedes spp. Primates 

Febrile illness, 
hemorrhagic syndrome 

Dengue 1-4 (endemic 
genotypes) 

Flaviviridae; 
Flavivirus Aedes aegypti, Aedes albopictus Humans 

Febrile illness, 
hemorrhagic syndrome 

Japanese encephalitis  
Flaviviridae; 
Flavivirus Culex tritaeniorhynchus, Culex spp. Birds 

Febrile illness, 
encephalitis 

St. Louis encephalitis 
Flaviviridae; 
Flavivirus Culex quinquefasciatus Birds Encephalitis  

West Nile  
Flaviviridae; 
Flavivirus Culex spp.  Birds 

Febrile illness, 
encephalitis 

Yellow Fever 
Flaviviridae; 
Flavivirus Aedes, Sabethes and Haemagogus spp. Primates 

Hepatitis, hemorrhagic 
disease 

 

Source: (Weaver and Barrett, 2004) 
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1.3 General Classification of Ticks 

 

Ticks belong to a relatively small group of arthropods, comprising of approximately 860 species 

(Horak et al., 2002, Furman and Loomis, 1984).Ticks can be separated from insects and other 

mandibulate forms (Centipedes, Millipedes, and Crustaceans) into the subphylum Chelicerata 

on the basis of the presence of anterior pair of chelicerae that function as trophic appendages. 

The suborder of Ixodides (order Acarina) contains the hard and soft ticks of the families 

Ixodidae and Argasidae (Beaver et al., 1984). The Superfamily of Ixodiodea includes the 

families of ticks, namely Argasidae, Ixodidae and Nuttalliedae (Keirans, 2009). The Ixodidae 

family contains more than 650 species which fall into four subfamilies and thirteen genera. The 

Argasidae family contains approximately 150 species and five genera. The Nuttalliedae family 

contains only one species in one genus (Hoogstraal, 1956). The Ixodidae are known as hard 

ticks due to their hard dorsal shield (scutum) and they attach to their host for prolonged periods. 

The Argasid ticks, known as soft ticks and feed secretively for short periods. The lone species 

Nuttalliella namaqua infests hyraxes in Africa (South Africa and Tanzania) and is of minor 

veterinary or medical importance (Bedford, 1934, Keirans et al., 1976) (Table 3). 

 

1.3.1 Basic Tick Biology 

 

Ticks are dorso-ventrally flat, non-segmented blood sucking parasites (Anderson and 

Magnarelli, 2008). The adult and nymph consist of four pairs of legs whereas the larvae consist 

of 3 pairs of legs.  The synganglion, eyes and salivary glands are all found in the body of the 

tick. The mouth parts are found on a moveable part of the body called the basis capituli. The 

basis capituli, mouthparts and palps form the capitulum. The mouthparts comprise; two palps 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



10 

 

which serve as sensory apparatus, two chelicerae for cutting and one hypostome for anchorage 

and feeding (Soneshine, 1993).  Hard and soft ticks can be differentiated by examining several 

biological and morphological criteria for example the presence or absence of scutum, 

oviposition and their feeding patterns (Krantz, 1978). 

 

1.3.1.1 Soft Ticks (Argasidae) 
 

The soft ticks lack a dorsal cuticular shield known as scutum but possesses a soft leathery 

exoskeleton. Mouth parts of soft ticks project ventrally (Molyneux, 1994). Although sexual 

dimorphism is limited in these ticks, the male genital opening is small and curved.  Soft ticks lay 

eggs in several batches of hundreds after each blood meal and have more than one nymphal 

stages. These ticks are found in cracks, crannies, nests, burrows and buildings where they 

attach to sleeping hosts. Soft ticks belong to the genera Antricola, Argas, Nothaspis, 

Ornithodoros and Otobius (Guglielmone et al., 2010). 

 

1.3.1.2 Hard Ticks (Ixodidae) 
 

The hard ticks consist of a dorsal cuticular shield and their mouth parts project anteriorly. In 

male ticks, the scutum covers the entire dorsal surface but only covers approximately a third of 

the entire dorsal surface in females (Mehlhorn, 2010). Hard ticks lay eggs in a single batch of 

thousands and undergo only one nymphal stage. The male ticks die after mating whereas the 

females die after oviposition. These ticks can be found on grass or attached on animal hosts.  

Hard ticks are found in the genera Rhipicephalus, Amblyomma, Aponomma, Dermacentor, 

Haemophysalis, Hyalomma and Ixodes (Soneshine, 1993). 
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The Ixodes spp. have an anal groove which curves around anterior to the anus. Ixodes spp. 

have no eyes, festoons, or scutal ornamentation. Their palpi are thickest at the junction of palpal 

segments II and III. Amblyomma spp. have large mouthparts which are longer than the basis 

capituli; the second palpal segment is at least twice as long as it is width. They possess eyes 

and have an ornate scutum. Reptiles and ground-feeding birds serve as hosts for the immature 

Amblyomma ticks whereas mammals serve as hosts for the mature ticks. Their long mouthparts 

make Amblyomma ticks especially difficult to remove manually and frequently cause severe 

wounds on their hosts that may become infected by bacteria or screwworms. Several African 

Amblyomma ticks that infest livestock are vectors of Ehrlichia ruminantium, the rickettsial agent 

that causes heart water. Amblyomma ticks have also been found on various species of wildlife 

which serve as hosts (Soneshine, 1991).  

 

Hyalomma ticks are moderately large ticks with long mouthparts. Most Hyalomma ticks undergo 

a 3-host life cycle whereas a few undergo either a 1- or 2-host cycle. A unique feature of 

Hyalomma ticks is the ability of some of the 3-host species to develop in 1- or 2-host cycles. 

Hyalomma ticks are found in central and southwest Asia, southern Europe and Africa (Kampen 

et al., 2007) (Table 4). Livestock and wildlife serve as hosts of Hyalomma ticks. Hyalomma ticks 

are the most abundant in livestock, including camels. Although Hyalomma ticks consists of 

about 25 species only 15 are important vectors of infectious agents to livestock and humans for 

example H. anatolicum anatolicum has the ablity to transmit Theileria annulata, Babesia equi, B 

caballi, Anaplasma marginale, Trypanosoma theileri, and arboviruses such as CCHFV to 

humans (Latif et al., 2004). 

 

Aponomma spp. have palpi elongate, eyes absent, frequently ornate, tarsi of male is humped 

and armed with ventral spurs) (Horak et al., 2007). They feed mainly on reptiles. Haemaphysalis 
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spp. have palpi with flared second segments. Like Ixodes, these ticks lack eyes, but they differ 

in having festoons and a posterior anal groove. Rhipicephalus spp. have a roughly hexagonal 

basis capituli, festoons and cleft coxae I. Boophilus spp. also have a hexagonal capitulum but 

they lack festoons. The coxae I are not cleft but have anterior projections. They posses eyes but 

they lack the anal groove. Dermacentor spp. have a rectangular basis capituli and 11 festoons. 

The scutum is ornamented (brightly coloured). The coxae, especially of the males, progress in 

size from I to IV. Otocentor spp. resemble Dermacentor but have only seven festoons (Spickett, 

1994a). 

 

Table 3. Basic key in tick classification  

 

Argasidae Antricola 4

Soft tick Argas 140

Otobius 2

Ornithodoros 90

Ixodidae - Group 1: Prostriata Purely the genus

Hard tick Ixodes

Ixodidae - Group 2: Metastriata Amblyomma 100

Hard tick Aponomma 26

The difference between the two groups is 

determined by the location of an anal groove, 

anterior to the anus in Prostriata, and posterior 

to the anus in Metastriata.

Anocentor 1

Boophilus 5

Dermacentor 31

Haemaphysalis 150

Hyalomma 21

Rhipicephalus 63

Margaropus 3

FAMILY MORE COMMON GENERA NUMBER OF SPECIES

Approx 250

Nutalliellidae - morphological features of both 

the Argasidae and Ixodidae

Nuttalliella namaqua Lone species found in South Africa 

and Tanzania.

  

Source: (Guglielmone et al., 2010) 
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There are three families of ticks: the Ixodidae (hard ticks), Argasidae (soft ticks) and 

Nuttalliellidae (one species only). 

1.3.2 Life Cycle of Ticks 

 

All tick species undergo a six-legged larval stage, one or more eight-legged nymphal stages and 

an eight-legged adult stage. Hard ticks have a single nymphal stage, while soft ticks may have 

as many as eight (Furman and Loomis, 1984) (Figure 1). The life cycle of ticks involves 

interaction with a great variety of hosts, which are classified as ―one-host,‖ ―two-host,‖ ―three-

host,‖ or ―many-host‖ species. One-host ticks complete all feeding and molting on a single 

animal, usually a large-sized, wandering host (sheep, cow, horse, deer, antelope, buffalo). In 

two-host ticks, the molt from larva to nymph occurs on the first host, which is usually a small 

mammal or bird and the engorged nymph drops to the ground, where it molts to the adult stage. 

The adult must then find a second, usually much larger host. Like one-host ticks, there are only 

about a dozen two-host ticks, almost all of them ixodids, including several associated with 

livestock. All other ixodid ticks are three-host species that detach after engorging at each life 

stage, with molts taking place off the host Figure 1 (Walker and Bouattour, 2003).  
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Figure 1. Tick life cycle 

 

Many-host ticks are typically argasids, which feed on a number of different animals during their 

life cycle, the adults feeding several times (Soneshine, 1991). Copulation takes place following 

the last molt, after which the female engorges and produces eggs, which are laid on the ground 

or in some sheltered location (Furman and Loomis, 1984). 
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1.3.3 Tick Ecology 

 

The interaction of ticks with their environment is essential to the spatial and temporal variations 

in the risk of infection by tick-borne pathogens (Randolph, 2004). The environment is composed 

of biotic factors (such as the hosts on which the ticks feed on) that may affect the physiology, 

population and evolution of ticks. Abiotic factors such as climate and habitat structure can also 

determine the survival of the various developmental stages of the tick since the tick has to take 

a blood meal from the host and detach from the host and molt to the next stage. It is only under 

suitable climatic conditions that a developmental stage of a tick is able to molt to the next    

stage (Spickett, 1994b).  

 

Abiotic factors such as humidity and moisture content affect tick survival and development 

Humidity has an intense effect on tick activity since it plays a major role in determining the 

questing time of a tick. Seasonal variations in temperature as a result of global warming can 

also affect the number of times hosts and pathogen-carrying vectors come into contact 

(Greenfield, 2011). 
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Table 4. Arboviruses associated with diverse tick species in different areas in Africa 

Family Genus Virus species Main tick vector species Geographical distribution 

Asfaviridae Asfivirus African swine fever virus O. moubata, O. erraticus sub-Saharan Africa

Orthomyxoviridae Novel Quaranfil Argas arboreus Egypt

Johnston Atoll Ornithodoros capensis central Pacific, easren Australia, New Zealand and Hawaii

Thogotovirus Thogoto virus Rhipicephalus, Boophilus, Hyalomma spp, A. variegatum central and East Africa

Dhori virus H. dromedarii, H. marginatum Egypt

Rhabdoviridae Vesiculovirus Barur virus H. intermedia Kenya and Somalia 

Reoviridae Orbivirus Chenuda virus Argas hermanni Egypt

Essaouria virus O. maritimus Morocco

Kala Iris virus O. maritimus Morocco

Wad Medani virus R. sanguineus, Hyalomma spp East Africa

Bunyaviridae Bunyavirus Bahig virus Hyalomma spp Egypt

Matruh virus H. marginatum Egypt

Nairovirus Crimean-Congo hemorrhagic fever virus H. marginatum; isolated from many ixodid spp Many countries in Africa

Abu Hammad virus Argas hermanni Egypt

Pretoria virus Argas africolumbae South Africa

Dugbe virus A. variegatum sub-Saharan Africa

Nairobi sheep disease virus R. appendiculatus East and central Africa 

Bandia virus O. sonrai Senegal

Qalyub virus O. erraticus Egypt

Phlebovirus Tunis virus A. reflexus Tunisia

Bhanja virus H. punctata Africa

Forecariah virus B. geigyi Guinea

Kismayo virus R. pulchellus Somalia

Wanowrie virus Hyalomma spp Egypt

Flaviviridae Flavivirus Kadam virus R.pravus Uganda

Unassigned tick-borne viruses Nyaminini virus Argas arboreus, Argas walkerae Egypt, Nigeria, South Africa

Aride virus A. loculosum Seychelles

Jos virus A.variegatum, B. decoloratus Nigeria, Senegal  

 

Source: (Labuda and Nuttall, 2004, Presti et al., 2009)
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1.4 Epidemiology of Arboviruses 

 

1.4.1 Epidemiology of Tick-Borne Viruses 

 

Tick-borne viruses have a worldwide distribution and pose a significant threat to the health of 

humans (CCHFV, TBEV) or livestock (ASFV, NSDV) (Donald et al., 2012). Most tick-borne 

viruses belong to the genus Orthobunyavirus, Nairovirus, Flavivirus in the Bunyaviridae and 

Flaviviridae families respectively (Labuda and Nuttall, 2004) (Table 4). 

 

CCHFV, (family Bunyaviridae, genus Nairovirus) is a combination of two (virus names) Crimean 

(Russia) and Congo and later found to be the same antigenically with similar symptoms (Casals, 

1969). Crimean hemorrhagic fever virus (CHFV) was first discovered in Crimea during the 1944 

-1945 epidemic where approximately 200 military personnel were infected with the virus 

(Chumakov, 1945).  Congo virus was first isolated in the Democratic Republic of Congo and 

Uganda from blood collected from two patients suspected to have the virus (Simpson et al., 

1967, Woodall et al., 1967). Despite the geographical differences in terms of their isolation, CHF 

and Congo viruses were found to be similar and thus this led to the name CCHFV (Hoogstraal, 

1979). 

 

CCHFV is an acute, highly-contagious viral zoonosis transmitted to humans mainly by ticks of 

the genus Hyalomma and also through direct contact with blood or tissues of viremic hosts 

(Vorou et al., 2007). However evidence indicates that Rhipicephalus, Boophilus, Dermacentor, 

and Ixodes spp. also transmit CCHFV (Appannanavar and Mishra, 2011, Bell-Sakyi et al., 2012) 

for example; CCHFV has been isolated from Rhipicephalus bursa sampled from goats in 

Greece (Papadopoulos and Koptopoulos, 1980). Experimental studies performed in the 
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laboratory have shown that soft ticks such as Argas walkerae, Ornithodoros savignyi, 

Ornithodoros porcinus  and Ornithodoros sonrai  are incapable to transmit CCHFV  (Shepherd 

et al., 1989, Soneshine, 1993). 

 

In humans CCHF typically presents with high fever of sudden onset, malaise, severe headache 

and gastrointestinal symptoms. Prominent hemorrhages associated with leucopenia and 

thrombocytopenia may occur in late stages of the disease with fatality rates ranging from 10% to 

50% (Vorou et al., 2007, Ergönül, 2006).  

 

 

 

Figure 2. Geographic distribution of Crimean-Congo hemorrhagic fever virus  
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CCHFV is widely distributed throughout large areas of sub-Saharan Africa, the Balkans, 

northern Greece, European Russia, Pakistan, the Xinjiang province of Northwest China, the 

Arabian Peninsula, Turkey, Iraq and Iran, in a total of 28 countries in Africa, Asia, the Middle 

East and Europe (Appannanavar and Mishra, 2011). 

 

CCHF manifests itself in four major phases namely: incubation, pre-hemorrhagic, hemorrhagic 

and convalescence (Appannanavar and Mishra, 2011).The incubation phase occurs 

immediately after exposure to a tick-bite, which lasts up to a period of 1 to 3 days (Swanepoel et 

al., 1987). During the pre-hemorrhagic phase the patient manifests with the following symptoms; 

fever, chills, severe headache, dizziness, photophobia, back pain, abdominal pains, vomiting, 

diarrhea and loss of appetite. This phase can last up to a period 5 to 12 days (Swanepoel et al., 

1987). Hemorrhagic phase occurs in severe cases and lasts up to a period of 3 to 6 days. 

Hemorrhagic manifestations such as bleeding in the form of melena, hematemesis, epistaxis 

occurs.  

 

CCHFV is widely distributed in more than 30 countries in Africa, Asia, southeast Europe and the 

Middle East (Rodrigues et al., 2012) (Figure 2). CCHFV has been reported in many parts of the 

world including some parts of Africa such as: South Africa, Democratic Republic of Congo, 

Mauritania, Burkina Faso, Tanzania, Kenya and Senegal; In Asia they include Pakistan and 

China; In the middle east countries such as Iraq, the United Arab Emirates (UAE), Saudi Arabia 

and Oman; Southeast Europe in Crimea, Astrakhan, Rostov, Bulgaria, Albania, Kosovo and 

Turkey.  In the year 2000 new outbreaks of CCHFV were reported from Pakistan, Iran, Senegal, 

Albania, Yugoslavia, Bulgaria and Turkey, Kenya and Mauritania (Ergönül, 2006) (Table 5). 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



20 

 

Table 5. Documented outbreaks of Crimean-Congo hemorrhagic fever virus 

Location Years Numbers of cases Case fatality rate (%) Occupation

Southeast Europe

Crimea 1944-45 200 10 Military members

Astrakhan 1953-63 104 17 Agricultural workers

Rostov 1963-69 323 15 Agricultural workers

Bulgaria 1953-74 1105 17 Agricultural workers, health-care workers 

1975-96 279 11 Agricultural workers

1977-03 138 21 Agricultural workers

Albania 2001 7 0 Agricultural workers, health-care workers 

Kosovo 2001 18 33 Agricultural workers 

Turkey 2002-05 500 5 Agricultural workers 

Asia

China 1965-94 260 21 Agricultural workers

1997 26 24 Agricultural workers

Kazakhstan 1948-68 75 50 Agricultural workers

Tajikistan 1943-70 97 23 Agricultural and laboratory workers

Pakistan 1976 14 29 Shepherd, health-care workers

1994 3 Not known Health-care workers

2000 9 18 Agricultural workers, health-care workers 

Middle east

United Arab Emirates (UAE) 1979 6 50 Health-care workers

1994-95 11 73 Agricultural workers

Sharjah 1980 1 0 Storekeeper

Iraq 1979-80 55 64 Agricultural workers

Saudi Arabia 1990 7 Agricultural workers

Oman 1995-96 4 Not known Agricultural workers

Iran 2003 81 18 Agricultural workers

Africa

Zaire (DRC) 1956 2 0 Physician

Uganda 1958-77 12 8 Laboratroy workers

Mauritania 1983 1 0 Camel herd owner 

2004 38 29 Agricultural workers, health-care workers 

Burkina Faso 1983 1 0

South Africa 1981-86 32 31 Farmers, health-care workers

Tanzania 1986 1 0 Student

Southwest Africa 1986 1 0

Kenya 2000 1 100 Agricultural worker  

Source: (Ergönül, 2006) 
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Serological studies indicate that the virus is present in Egypt, France, India, Portugal and 

Turkey (Karti et al., 2004). CCHFV has the potential to cause community and nosocomial 

outbreaks. An outbreak of CCHF for the first time in India was reported from Gujarat, in 

January 2011 (Lahariya et al., 2012). 

 

CCHFV transmission cycle involves tick-vertebrate-tick.  Main animal hosts include domestic 

and wild vertebrates, including cattle and goats (Woodall et al., 1965, Causey et al., 1970), 

sheep (Yu-Chen et al., 1985), hares (Chumakov, 1974), hedgehogs (Causey et al., 1970), a 

Mastomys spp. mouse (Saluzzo et al., 1985), and even domestic dogs (Shepherd et al. 

1987a). Antibodies to CCHFV have been detected in cattle, horses, donkeys, sheep, goats 

and pigs from various parts of Europe, Asia and Africa (Watts, 1989). Though paucity of data 

exists on CCHFV infection in birds, few experimental studies conducted suggest resistance 

of domestic fowl and passerine species to the virus, though experimental infections of birds 

have been less well documented. Guinea fowls and ostriches have been confirmed to show 

a transient viremia (Mostafavi et al., 2013). Ostriches serve as hosts for CCHFV and have 

been associated with the 1984 to 1996 CCHF outbreak which occurred in ostrich abattoirs 

(Swanepoel et al., 1998). 

 

CCHFV can be diagnosed using virus isolation, serological and molecular assays such as 

virus inoculation in Vero cells, intracerebral inoculation in mice, immuonfluorescence 

(Shepherd et al., 1986), ELISA targeting IgM and IgG antibodies and reverse transcriptase 

polymerase chain reaction (RT-PCR) (Burt et al., 1996). 

 

NSDV (Bunyaviridae, Nairovirus), is probably the most pathogenic tick-borne virus known for 

sheep and goats. It is transmitted by an Ixodid tick, both transstadially and transovarially and 

causes an acute gastroenteritis. In totally susceptible populations mortality rates of over 90% 
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regularly occur. The infection also causes abortion in sheep and goats. The disease is 

known to occur in East Africa, Somalia and Rwanda. It may exist in the South East of 

Ethiopia. No evidence for its existence has been found in those parts of Africa where the 

principle vector tick, Rhipicephalus appendiculatus has a seasonal breeding cycle. Thus 

countries like Zambia, Zimbabwe and Botswana appear to be free from the disease (Davies, 

1997a). Antibodies to NSDV have been detected in cattle sera and cross-reactivity for 

Nairobi sheep disease, Hazara, and Dugbe viruses have also been detected in human 

patients who were positive for CCHFV infection during a study carried out by (Burt et al., 

1996) in South Africa. Cross-reactions within the Bunyaviridae family may be a limitation in 

epidemiological studies based on serology only. 

 

DUGV, (Bunyaviridae, Nairovirus) is also member of the Nairobi sheep disease group. 

DUGV has been reportedly isolated from several tick species, including A. gemma and R. 

pulchellus, the species from which Kupe virus was isolated (Honig et al., 2004, David-West 

and Porterfield, 1974). In the 1999 Kenya abattoir survey, DUGV was isolated from 4 

species of ticks, A. variegatum, A. gemma, A. lepidum, and R. pulchellus (Sang et al., 2006). 

A study conducted by Burt et al. (1996) confirmed that DUGV causes mild febrile illness and 

thrombocytopenia in humans. Little is known about the epidemiology of Kupe virus other 

than its isolation from ticks infesting cattle. The pathogenesis, if any, of Kupe virus in 

mammals is unknown (Sang et al., 2006). 

  

Bhanja virus (BHAV) is, together with two African tick-borne viruses Kismayo (Butenko, 

1979) and Forecariah (Boiro et al., 1986), a member of Bhanja group (family Bunyaviridae) 

(Matsuno et al., 2013) that has not yet been assigned to a recognized genus ((ICTV), 2009, 

Van Regenmortel and Fauquet, 2000). The virus was first isolated from the tick 

Haemaphysalis intermedia collected from a paralyzed goat in Bhanjanagar District, India 

(Ganjam, Orissa State, India) in 1954 (Shah and Work, 1969). The known geographic 
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distribution of BHAV (Hubalek, 1987) involves Southern and Central Asia, Africa and 

Southern (partially central) Europe. In Europe, BHAV has so far been isolated in Italy 

(Verant et al., 1970), Croatia (Vesenjak-Hirjan et al., 1977), Bulgaria (Pavlov et al., 1978), 

Slovakia (Hubálek et al., 1988), Romania (Ungureanu et al., 1990), and Portugal (as Palma 

virus) (Filipe and Casals, 2008). 

 

TBEV (Flaviviridae, Flavivirus), is transmitted to people by ixodid ticks that thrive in rich, 

moist, undergrowth found on forest floors (Briggs et al., 2011). They feed during spring and 

summer-hence the first isolate was called Russian spring and summer encephalitis. 

Between 3500 and 10,000 cases of encephalitis occur in rural and urban Russia every year, 

largely because the city boundaries frequently overlap with the forests (Gritsun et al., 2003).  

In Russia, up to 5% of ticks carry this virus and 1-5% of infections result in clinical disease, 

with case fatality rates of 30-60%. 3-7 days after an infected tick bite, people infected with 

tick-borne encephalitis in western and central Europe characteristically present with a 

biphasic illness commencing with an influenza-like illness that lasts up to 1 week. 

Subsequently, the patient could become transiently asymptomatic before 20-30% may 

develop the neurological phase of the disease, which can affect the meninges, brain 

parenchyma, spinal cord and nerve roots in various combinations to give aseptic meningitis, 

meningoencephalitis, meningoencephalomyelitis or meningoencephaloradiculitis with a case 

fatality rate of 1-2%. 10-20% of severe cases show long-lasting or permanent 

neuropsychiatric sequelae. 

 

LIV, a UK descendant of TBEV, (Zanotto et al., 1995) is found in ticks on the Irish, Scottish, 

Welsh and English moorlands where sheep graze. It is the only tick-borne Flavivirus found in 

the British Isles and is geographically the most westerly virus in this group. Although this 

virus causes encephalitis, (Davidson et al., 1991) there is only one record of a human fatality 

(Cooper et al., 1964). LIV causes encephalomyelitis in sheep and red grouse, both of which 
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are reared on lowlands and then introduced onto moorlands where they have little 

opportunity to develop immunity or resistance to this disease.  

 

Powassan virus (Flaviviridae, Flavivirus), emerged in East Russia about 2000 years ago 

(Zanotto et al., 1996) and is related to tick-borne encephalitis from East Asia. They share the 

forest ecosystem and both produce biphasic fever and encephalitis in people. However, 

Powassan virus is also found in Canada and North America, where it occasionally produces 

encephalitic disease in human beings. This disease was possibly introduced into America by 

infected ticks on animals or associated foodstuffs, arriving from East Asia. 

 

Omsk hemorrhagic fever (OHF) (Flaviviridae, Flavivirus), is an acute viral disease 

prevalent in some regions of western Siberia in Russia (Holbrook et al., 2005). The 

symptoms of this disease include fever, headache, nausea, severe muscle pain, cough and 

moderately severe hemorrhagic manifestations. A third of patients develop pneumonia, 

nephrosis, meningitis or a combination of these complications. The only treatment available 

is for control of symptoms. No specific vaccine has been developed, although the vaccine 

against tick-borne encephalitis might provide a degree of protection against Omsk 

hemorrhagic fever virus (OHFV). The virus is transmitted mainly by Dermacentor reticulatus 

ticks, but people are mainly infected after contact with infected muskrats (Ondatra 

zibethicus). Muskrats are very sensitive to OHFV (Růžek et al., 2010). 

 

Kyasanur Forest disease virus (KFDV) (Flaviviridae, Flavivirus) and the closely related 

Alkhumra virus (Charrel et al., 2001) cause hemorrhagic disease in human. KFDV was 

isolated from sick and dying monkeys in 1957 in Shimoga District (Karnataka State), India. It 

had probably circulated in ticks (haemaphysalis spp.) and forest animals for many years, 

rarely causing infections in people (Nichter, 1987). However, forest clearances for 

urbanisation during the 1950s brought scavenging monkeys into closer contact with ticks 
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infected with KFDV on the exposed forest floor (Trapido et al., 1959). Veterinary scientists 

investigating the sick monkeys were bitten by infected ticks and developed hemorrhagic 

disease (Banerjee, 1988, Mehla et al., 2009). KFDV has subsequently caused epidemic 

outbreaks of hemorrhagic fever annually, affecting 100-500 people with a case fatality rate of 

2-10% (Gould and Solomon, 2008).  

 

Kadam virus (KADV) (Flaviviridae, Flavivirus) was isolated from a pool of male Hyalomma 

dromedarii ticks taken near a dead camel in Wadi Thamamah, Riyadh, Saudi Arabia (Al-

Khalifa et al., 2007). The virus was previously isolated from Rhipicephalus and Amblyomma 

ticks in Uganda and Kenya, where results of seroepidemiological survey showed KADV 

infection of humans and cattle. The question of pathogenicity of Kadam viremia in camels, 

other domestic and wild vertebrates and humans remain to be answered. The natural history 

and epidemiology of KAD virus are unstudied (Sang et al., 2006, Wood et al., 1982). 

 

THOV, (Orthomyxoviridae, Thogotovirus) was first isolated from a pool of ticks collected 

from cattle in 1960 in Thogoto forest near Nairobi, Kenya (Haig et al., 1965). Subsequently 

the virus has been repeatedly isolated from ticks as well as vertebrates (humans and 

livestock) in Africa, Asia and Europe. Neutralizing antibodies have been detected in man and 

a wide variety of animals including cattle, camel, sheep and goats (Davies et al., 1986). 

THOV has constantly been established in areas where tick-infested domestic animals reside 

and has been isolated from ticks in the genera Boophilus, Amblyomma, Rhipicephalus and 

Hyalomma, as well as humans and domestic animals (cattle and camels) (Ogen-Odoi et al., 

1999, Karabatsos, 1985) Furthermore this virus was first isolated from mongoose indicating 

possible transmission of this virus to wildlife (Ogen-Odoi et al., 1999). This virus can also be 

passed on by co-feeding ticks through non-viremic transmission (Jones et al., 1990). In 

Kenya THOV was first isolated from a pool of ticks comprising of Boophilus decoloratus, 

Rhipicephalus appendiculatus, R. simus and R. ewertsi in 1960 in the Thogoto forest near 
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Nairobi (Haig et al., 1965). THOV has been shown to cause widespread abortion (Davies et 

al., 1984) and pyrexia in sheep (Haig et al., 1965). During a surveillance carried out by Sang 

et al (2006) on tick-borne arbovirus in market livestock in Nairobi, this virus was isolated 

from A. gemma, A. lepidum and Rhipicephalus pulchellus. 

 

Dhori virus (DHOV) (Orthomyxoviridae, Thogotovirus) has a wide distribution; it has been 

isolated in southern and eastern Europe, Central Asia and Africa from ticks, mainly species 

of the genus Hyalomma (Anderson and Casals, 1973, Sang et al., 2006, Karabatsos, 1985) 

Antibodies against DHOV have been detected in large domestic animals (camels, horses, 

and goats), as well as in humans living in endemic regions (Anderson and Casals, 1973, 

Filipe and Casals, 2008).  Dhori virus has also been isolated from large breeding colony of 

sea gull on the Malyi Zhemchuzhnyi Island in the north-western area of the Caspian Sea. 

Furthermore antibodies against this virus were also detected in the sea gulls (Iashkulov et 

al., 2008). Dhori virus has been detected in Hyalomma marginatum ticks sampled from cattle 

in southern Portugal (Filipe and Casals, 2008). Five human cases of accidental aerosol 

infection with DHOV were reported among a group of laboratory workers in the former USSR 

(Butenko et al., 1987). These individuals developed an acute febrile illness characterized by 

headache, retro-orbital pain, myalgia, general weakness and a prolonged period of 

convalescence; two of these people also developed mild symptoms of cranial nerve 

involvement with radicular syndrome (Butenko et al., 1987).  
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1.4.2 Tick-Borne Viruses in Kenya 

 

Tick-borne arbovirus surveillance studies carried out in Kenya indicate the presence of tick-

borne viruses circulating amongst pastoral communities.  DUGV, DUGV-like and DHOV 

have been isolated from ticks species (A. gemma, Rh. Pulchellus and Boophilus annulatus) 

sampled from livestock especially camels and cattle in pastoral zones of Kenya (Mutisya, 

2011). CCHFV a tick-borne virus that causes severe hemorrhagic fever has also been 

detected in hyalommid ticks sampled in North eastern, Kenya which is essentially a pastoral 

eco-zone (Sang et al., 2011). A surveillance study conducted at abattoirs in Nairobi, Kenya 

detected tick-borne viruses such as DUGV, an unknown virus related to DUGV, THOV, 

Bhanja, Kadam, DHOV, Barur and foot-and-mouth disease (FMDV) viruses obtained from 

Rhipicephalus pulchellus, Amblyomma gemma, R. appendiculatus and A. variegatum 

species (Sang et al., 2006). 

 

The first reported human case of CCHF in Kenya occurred at a farm that was heavily 

infestedby ticks (Dunster et al., 2002). The patient was a 25 year old male farmer who 

presented with fever, headache, nausea, vomiting, severe muscle pains, neck stiffness and 

diarrhea four days before being admitted at a mission hospital in western Kenya. On the fifth 

day the patient’s condition deteriorated leading to massive bleeding from the nose, mouth 

and upper and lower gastrointestinal tract. The patient died on the sixth day after 

resuscitation efforts turned futile. Differential diagnosis of malaria parasites, typhoid,  

dysentery and meningitis deemed negative. The patient’s serum sample was later shipped 

to the Viral Hemorrhagic Fever Reference Laboratory in Nairobi for further screening. The 

sample tested positive by RT-PCR for CCHFV and negative for both anti-CCHFV specific 

IgM and IgG antibodies (Dunster et al., 2002). This virus has also been detected in 

Rhipicephallus pulchellus ticks sampled from dying sheep in a veterinary laboratory in 

Kabete, Nairobi and in hyalommid ticks sampled from livestock in North eastern region of 
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Kenya during an arbovirus surveillance aimed at determining the level of human exposure to 

tick-borne viruses (Sang et al., 2006, Hoogstraal, 1979) 

 

NSDV, also in the genus Nairovirus, causes fever, hemorrhagic gastroenteritis and abortion 

in sheep and goats in East Africa (Davies, 1978). Epizootics of NSDV have been reported in 

various parts of Africa where susceptible herds of sheep have been moved to NSDV-

endemic areas, resulting in decimation of whole herds (Davies, 1978). NSDV was first 

discovered in Nairobi, Kenya by Montgomery in 1917. NSDV is endemic in Kenya, Uganda, 

Tanzania, Somalia, Ethiopia, Botswana, Mozambique and Democratic Republic of Congo 

though recent sequence data indicate that the same virus can also be found in many places 

in India and Sri Lanka where it is called Ganjam virus. NSD is a viral infection known to 

affect sheep and goats. In Kenya NSD epidemics have been linked to livestock trading in the 

surrounding areas of Kenya’s main capital. Studies have shown that prognosis in 

susceptible sheep and goats are poor, although mild infection may occur. Though studies 

have been conducted on other animals such as; cattle, buffalo, equids and other mammals 

no virus has been detected. NSD is highly pathogenic in small ruminants with a mortality 

rate of 90% due to acute hemorrhagic fever. Human infections are uncommon however they 

can acquire the virus through accidental needle stick injury especially among laboratory 

personnel ensuing in mild febrile illness. The African field rat (Arvicathus abysinicus 

nubilans) is known to serve as a potential reservoir host of NSD. NSDV can be transmitted 

transovarially and transstadially by diverse tick species with Rhipicephalus appendiculatus 

serving as the primary vector. Though the virus is shed in urine and feaces of infected 

animals NSD is transmissible through contact (Holzer et al., 2011).   

 

DUGV which is another member of the Nairovirus genus, has been repeatedly confirmed in 

tick-borne virus surveys in Africa and causes mild febrile illness and thrombocytopenia in 

humans (Burt et al., 1996). In Kenya, DUGV has been isolated from diverse tick species 
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including; A. variegatum, A. gemma, A. Lepidum and R. pulchellus. In a survey conducted 

by Sang et al. (2006) on ticks infesting market livestock in Nairobi, Kenya, approximately 26 

isolates of DUGV were made (Sang et al., 2006).  Kupe virus which is closely related to 

DUGV is also found in the genus Nairovirus and has been isolated from A. gemma and R. 

pulchellus ticks sampled from hides of cattle in Nairobi, Kenya (Sang et al., 2006). The 

impact of Kupe virus on human and animal health is yet to be established (Crabtree et al., 

2009b). 

 

BHAV, an unassigned member of the Bunyaviridae family, has also been isolated in this 

region  (Burt et al., 1996, Johnson et al., 1980). BHAV is a tick-borne virus first identified 

from the Haemaphysalis intermedia species sampled from a paralyzed goat in Bhanjanagar 

(district Ganjam, Orissa State, India) in 1954. BHAV is endemic Africa, southern and central 

Asia and southern (partially central) Europe. Subsequent isolations of this virus have been 

obtained from diverse tick species including; Haemaphysalis punctata, H. sulcata, 

Dermacentor marginatus, Hyalomma marginatum, H. detritum, H. dromedarii, H. truncatum, 

H. asiaticum, Rhipicephalus bursa, R. appendiculatus, Boophilus decoloratus, B. annulatus, 

B. geigyi and Amblyomma variegatum. Sheep, goat, cattle, African hedgehog and African 

ground squirrel serve as veterbrate hosts of BHAV. The virus causes apparent infection 

characterized by fever and encephalitis in young ruminants of sheep, goat and cattle. In 

humans BHAV causes symptoms such as; photophobia, vomiting, meningo-encephalitis and 

pareses (Hubálek et al., 1988).  

 

Other tick-borne viruses present in Africa include THOV from the genus Thogotovirus, 

Orthomyxoviridae family, isolated in Kenya. THOV has been isolated from diverse tick 

species in Africa and southern Europe. THOV has been associated to cause widespread 

abortion in large sheep flocks. THOV is known to infect humans in natural settings. DHOV 

which belongs to the same family as THOV has been isolated from ticks in Africa, India, 
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eastern Russia, Egypt and southern Portugal. DHOV causes febrile illness and encephalitis 

in humans; Barur virus, Rhabdoviridae family, isolated from adult Rhipicephalus pulchellus 

ticks collected from camels near Mogadisho, Somalia; and Kadam virus (KADV) from the 

genus Flavivirus, Flaviviridae family; and Chenuda virus from genus Orbivirus, Reoviridae 

family, confirmed serologically in cattle in South Africa (Butenko et al., 1981, Burt et al., 

1996, Johnson et al., 1980).  

 

Genetic diversity in tick-borne viruses is generally thought to reflect dispersal and movement 

patterns of the typical enzootic reservoir host(s), with more localized hosts of limited home-

range (such as small mammals) leading to greater virus diversity and spatial structure than 

more mobile long range hosts (such as birds) that presumably spread viruses over large 

geographical regions (Brault et al., 1999, Sammels et al., 1999, Gould et al., 2001). 

Movement of vectors can also potentially influence tick-borne virus molecular epidemiology 

through reassortment with new members of their genus (Tabachnick, 1992, Merrill et al., 

2005).  

 

Most of the evidence used to relate host or vector movement to genetic variability in viruses, 

however, is either indirect (e.g. estimates of migration in tick vectors using molecular data; 

(Merrill et al., 2005), anecdotal (e.g. reports of migrant birds with active virus infections; 

(Calisher, 1971, Lord and Calisher, 1970, Crans et al., 1994) , or relies on assumptions 

based on broad-scale information about animal dispersal and movement patterns (e.g. 

(Rappole and Hubalek, 2003, Reed et al., 2003). By knowing how animal movement 

influences the prevalence of virus at a site (Brown et al., 2007) and the virus genetic 

diversity, we can better predict spatial variation in infection rates or epizootic potential. 

 

Knowledge on how tick-borne viruses vary genetically in space is important in identifying 

where strains that potentially infect humans or animals may occur. Studies on a continental 
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scale have suggested that tick-borne viruses show greater genetic diversity, often with 

multiple strains or subtypes sometimes co-circulating in the same geographical area. For 

example studies on the evolution and dispersal of Tick-borne Encephalitis group of viruses 

on the Eurasian continent conducted by Zanotto et al. (1995) suggest that these viruses 

expanded their range over a time period of approximately 1700–2100 years in a westerly 

direction from Far-Eastern Asia (Hayasaka et al., 1999). Further research indicates that the 

latest TBE group of viruses evolved around 300 years ago (Zanotto et al., 1995). Studies in 

Russia and the Baltics show that human activities play a major role in what may have 

contributed to the circulation of different TBEV strains in the European and Siberian parts of 

Russia (Kovalev et al., 2009). The number of western TBEV isolates from central Europe is 

less hence paucity of data on their genetic variability (Suss, 2008). Little is known about the 

genetics of African tick-borne viruses other than CCHF in South Africa.  

 

1.4.3 Epidemiology of Mosquito-Borne Viruses 

 

Mosquito-borne viruses have a wide geographical distribution. They cause both human and 

animal diseases worldwide. All mosquito-borne viruses are RNA viruses that undergo high 

error rates that cause mutations at some point during RNA transcription due to mistakes 

caused by viral polymerase. Mosquito-borne viruses are the most abundant of the 

arboviruses (Karabatsos, 1985). Mosquito-borne viruses such as YF, DEN, SIN, WN, Usutu 

(USU) and RVF constitute some of the major emerging viruses (Jones et al., 2008). The 

major mosquito transmitted arboviruses in East Africa are WNV, SFV, NDUV, RVFV, DENV, 

YFV, USUV, SINV, CHIKV and Zika (ZIKV). These viruses fall into Flaviviridae, Togaviridae 

and Bunyaviridae arbovirus families. 
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1.4.3.1 Flaviviridae 
 

WNV is a member of the Japanese encephalitis (JE) antigenic complex in the family 

Flaviviridae, genus Flavivirus. WNV was first isolated in West Nile District of Uganda 

(Smithburn et al., 1940). It was later on isolated in Europe (Hubalek and Halouzka 1999), 

followed by Asia (Zeller and Schuffenecker, 2004), Australia where it is called Kunjin virus 

(Mackenzie et al., 1994) and United States of America (Lanciotti et al., 1999, Hayes and 

Gubler, 2006). 

 

WNV fall into five lineages namely, Lineages 1, 2, 3, 4 and 5. Lineage 1 consists of three 

sub-lineages: 1a found in Africa, Middle East, Europe and the United States; 1b found in 

Australia; and 1c found in India. Lineage 2 is widely distributed in Sub-Saharan Africa 

(Petersen and Roehrig, 2001). Lineage 5 is found in India (Bondre et al., 2007). 

 

WNV is primarily transmitted by mosquitoes mainly in the genus Culex. WNV transmission 

cycle involves passeriform birds and Culex mosquitoes with human and equids serving as 

dead-end hosts (Malkinson and Banet, 2002). WNV can be transmitted by diverse species of 

mosquitoes and ticks (hard and soft) (Hoogstraal, 1985).  

 

WNV has been isolated from soft ticks of Ornithodoros capensis (Mirzoeva et al., 1974, Lvov 

et al., 1975) and Argas hermanni (Schmidt and Said, 1964) found in Africa and Eurasia. 

Further, the virus has also been isolated from O. savignyi (Hurlbut, 1956), O. moubata 

(Whitman and Aitken, 1960), O. erraticus, O. capensis (Vermeil et al., 1960). A. arboreus 

(Abbassy et al., 1993) has been shown to be a possible vector through experimental studies 

carried out in the Laboratory. WNV has also been isolated from hard ticks such as: 

Hyalomma asiaticum, H. detritum, H. marginatum, Rhipicephalus turanicus, R. bursa, 

Amblyomma variegatum, Ixodes ricinus and Dermacentor marginatus (Shalunova et al., 
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1968, Chumakov et al., 1968, Mirzoeva et al., 1974, Lvov et al., 1975, Darwish and 

Hoogstraal, 1981, Hayes and Monath, 1989, Hubálek and Halouzka, 1999).   

 

Though WNV has been isolated from ticks, the potential role of ticks in the natural history of 

WNV transmission remains unknown (Hoogstraal, 1985). WNV lineage 1 has been 

implicated as a major cause of neurological disease in humans and horses in the USA and 

Europe. A study carried out by (Venter et al., 2009) on lineage 2 WNV as cause of fatal 

neurologic disease in horses, highlights the potential of this virus to cause neurologic 

disease in both horses and humans in southern Africa. WNV causes infection in both 

domestic and wild animals such as: horse, striped skunk, eastern chipmunk, eastern gray 

squirrel and domestic rabbit (Anderson et al., 2001). WNV can present mild symptoms such 

as: fever, headache, body aches, eye pain, rash, vomiting and swollen lymph nodes. In 

severe cases the virus causes encephalitis, myelitis, meningitis and death (Carson et al., 

2006). 

 

DENV is a member of the Flaviviridae family genus Flavivirus. DENV has four serotypes 

namely: DENV-1, DENV-2, DENV-3 and DENV-4. DENV is a mosquito-borne virus 

transmitted by mosquitoes of the genus Aedes. Aedes aegypti species of mosquitoes are 

the principal vectors of DENV whereas Aedes albopictus are the secondary vectors (Gubler 

and Kuno, 1997). Humans serve as amplifying and reservoir hosts of DENV. DENV can also 

be transmitted through blood transfusion and organ transplants (Wilder-Smith et al., 2009). 

The possibility of DENV being transmitted from pregnant mother to the fetus has been 

documented (Wiwanitkit, 2009). 

 

DENV is endemic to more than 100 countries in the world.  DENV has a significant impact in 

public health. Approximately 2.5 billion people are at risk of DENV infection and 50 to 100 

million people are infected each year (Gubler and Kuno, 1997). DENV is known to cause 
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outbreaks in different parts of the world. In Mogadishu, Somalia, probable cases of dengue 

were identified in August 2012. DENV cases were identified in May 2012 in Mandera, 

Kenya. Approximately 1,148 cases of DENV were reported in the Atlantic Islands as of 

November 4, 2012. An outbreak of DENV occurred from September 2011 to April 2012 in 

South Pacific and Southeast Asia specifically in the Federated States of Micronesia where 

1,200 cases and two deaths were reported. More DENV cases have been reported to be 

present amongst US travelers returning from DENV endemic zones such as: Singapore, 

Malaysia, Cambodia, Taiwan, Philippines, Vietnam, India, Sri Lanka and Thailand in 2012. In 

Australia sporadic cases of Dengue have been reported in northern Queensland. Cases of 

Dengue have also been associated with travelers in the Middle East that is; Jeddah in Saudi 

Arabia, Pakistan and Yemen. In America and the Caribbean, Dengue has been identified in 

Latin America, and amongst US travelers from Brazil, Cuba, the Dominican Republic, 

Ecuador, Haiti, Jamaica and Puerto Rico (Ranjit and Kissoon, 2011). 

 

DENV infection causes mild febrile illness which manifests itself by the following symptoms: 

fever, headache, muscle pain, joint pain and rash to life-threatening dengue hemorrhagic 

fever that results in bleeding, thrombocytopenia and shock syndrome or organ dysfunction 

due to low blood pressure (Whitehorn and Farrar, 2010). 

 

YFV belongs to Flaviviridae family genus Flavivirus. It is closely related to WNV, St. Louis 

encephalitis virus (SLEV) and JEV. YFV is a mosquito-borne virus transmitted by 

mosquitoes in the genus Aedes.  Aedes egypti, Aedes luteocephalus, Aedes furcifer, Aedes 

bromeli and Aedes simpsoni species of mosquitoes serve as potential vectors of YFV. 

Mosquitoes can transmit YFV by biting infected human and monkeys and then disseminating 

the virus to other susceptible hosts (Fontenille et al., 1997). 
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There are three transmission cycles of the YFV namely: sylvatic, intermediate and urban. 

The sylvatic cycle involves transmission of the virus between monkeys and the mosquitoes. 

In this cycle humans are the incidental hosts since they can acquire the virus especially 

when they visit forests. The intermediate cycle involves transmission of the virus between 

humans to humans and monkeys to human by a variety of wild mosquitoes, mainly Ae. 

luteocephalus, Ae. Furcifer. The urban cycle involves transmission of the virus between 

humans and urban mosquitoes, primarily Aedes aegypti (Barrett and Higgs, 2007).  

 

YFV causes acute febrile illness characterized by sudden onset of fever, chills, 

severe headache, back pain, general body aches, nausea and vomiting, fatigue and 

weakness. In some cases YFV can cause severe illness characterized by high fever, 

jaundice, bleeding and eventually shock and failure of multiple organs (Chastel, 2003). 

 

YFV is endemic in South America, West (Benin, Ghana and Togo), Central (Angola, 

Cameroon and Burundi) and East Africa (Kenya, Uganda and Tanzania) (Karunamoorthi, 

2013). Though evidence suggests that past YFV outbreaks have occurred, the first 

documented epidemic of YFV in Kenya was reported between 1992 and 1993 in Kerio 

Valley (Reiter et al., 1998, Sanders et al., 1998).  There is no specific treatment for YF; care 

is based on symptoms. YFV can be prevented by vector control, protective clothing and 

vaccination (Johansson et al., 2010). 

 

Usutu virus (USUV) belongs to family Flaviviridae genus Flavivirus. Like WNV, USUV 

belongs to the JE serogroup (Calisher and Gould, 2003). USUV is a mosquito-borne virus 

transmitted by mosquitoes of the genus Culex, Coquillettidia and Mansonia (Meister et al., 

2008). The transmission cycle of USUV involves mosquitoes, which serve as vectors and 

birds which serve as the vertebrate hosts for the virus. USUV is known to be emerging since 

it has been established in new regions of the world. Evidence indicates that the first isolation 
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of USUV was in South Africa in 1959 from Culex mosquitoes. Subsequently, the virus has 

been isolated from other mosquitoes, rodents and birds in sub-Saharan Africa (Weissenbock 

et al., 2002). Though paucity of data exists on the association of USUV with febrile illness, it 

is documented that the virus causes a neuroinvasive infection in immunosuppressed 

individuals (Weissenböck et al., 2010). Outbreaks of USUV have occurred in Vienna, south-

east Hungary, south Italy, west Switzerland and north Czech Republic, Poland causing 

death amongst bird species (Hubálek, 2008, Meister et al., 2008, Manarolla et al., 2010).  

 

ZIKV is a mosquito-borne virus classified in the Flaviviridae family genus Flavivirus related to 

YF, DEN, WN, and JE viruses. Ae. africanus, Ae. apicoargenteus, Aedes luteocephalus, 

Aedes aegypti, Aedes vitattus, Aedes hensilli and Aedes furcifer species of mosquitoes 

serve as potential vectors of ZIKV (Fagbami, 1979, Marchette et al., 1969, McCrae and 

Kirya, 1982). ZIKV was isolated from Aedes africanus mosquitoes trapped in the Zika forest 

Uganda in 1948 (Dick et al., 1952). Experimental studies conducted in a laboratory in 1956 

indicate that artificially infected Aedes aegypti can transmit the virus to mice and monkeys 

(Boorman and Porterfield, 1956). ZIKV was first isolated from a rhesus monkey in Zika forest 

in 1947 (Dick, 1952). Subsequent isolations of ZIKV in humans have been documented in 

Uganda and Nigeria (Dick, 1952). Antibodies to ZIKV has also been detected in humans in 

Uganda, Tanzania, Egypt, Central African Republic, Sierra Leone and Gabon, and in parts 

of Asia including India, Malaysia, the Philippines, Thailand, Vietnam, and Indonesia.  ZIKV is 

associated with the 2007 outbreak that occurred on Yap Island in the Federated States of 

Micronesia (Lanciotti et al., 2008). ZIKV causes Zika illness which is characterized by mild 

headache, maculopapular rash, transient fever, malaise, anorexia, diarrhea, vomiting, 

constipation, abdominal pain, dizziness, conjuctivitis, retro-orbital pain, edema and back pain 

(Filipe et al., 1973, Olson and Ksiazek, 1981, Lanciotti et al., 2008, Duffy et al., 2009).  
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1.4.3.2 Togaviridae 
 

SFV is a virus of the genus Alphavirus of the family Togaviridae. SFV is a mosquito-borne 

virus which was first isolated in Uganda by the Uganda Virus Research Institute in 1942 

(Smithburn and Haddow, 1944).  In Kenya SFV was isolated from Aedes mcintoshi, Aedes 

circumluteolus and Aedes ochraceus sampled from El-humow and Garissa (Crabtree et al., 

2009a). SFV is endemic to Central, Eastern and Southern Africa. SFV is known to cause 

disease in both human and animals. SFV is known to cause mild febrile illness in humans. 

SFV has been documented to have caused an outbreak among French soldiers serving in 

the Central African Republic (Mathiot et al., 1990). Though SFV poses a low risk to 

laboratory personnel compared to other Alphaviruses (Winkler, 1995, Winkler and Blenden, 

1995), a single death has been reported due to laboratory infection (Willems et al., 1979).  

 

NDUV family Togaviridae genus Alphavirus was first isolated from Mansonia uniformis and 

Aedes circumluteolus species of mosquitoes in a field station in Ndumu, Northern Natal, 

South Africa in 1956 (Kokernot et al., 1961). In Kenya NDUV was isolated from Aedes 

mcintoshi, Aedes ochraceus and Mansonia uniformis species of mosquitoes sampled from 

Desai, El-humow, Garissa, Logumgum and Baringo.  Antibodies against NDUV have been 

detected in humans in various parts of southern Africa (Kokernot et al., 1961, Karabatsos, 

1985). A study carried out by Masembe et al., (2012) showed that pigs are potential 

reservoirs of NDUV. 

 

SINV is a member of the Togaviridae family, genus Alphavirus. It is a mosquito-borne virus 

transmitted mainly by Culex species. The transmission cycle of SINV involves arthropod 

vectors (mosquitoes) and vertebrate hosts (birds). Humans acquire this virus through a bite 

of infected mosquito.  SINV was first isolated in Egypt in 1952 and since then it has been 

detected in South and East Africa, Israel, Philippines and Australia. In Kenya SINV was 

isolated from Cx. quinquefasciatus and Ae. sudanensis sampled from Garissa (Crabtree et 
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al., 2009a). In Africa the virus has been isolated from humans in Cameroon, Madagascar 

and the Central African Republic (Karabatsos, 1985) and South Africa (Shirako et al., 1991). 

SINV causes sindbis fever in humans which presents with arthralgia, rash and malaise. It 

has also been associated with pogosta disease whose symptoms include: rash, fever,  chills, 

sore throat, muscle pains, headache, coughing, fatigue and arthritis (Kurkela, 2007).  

 

CHIKV belongs to the family Togaviridae genus Alphavirus (Brooks et al., 2004). CHIKV is a 

mosquito-borne virus transmitted by mosquitoes belonging to the genus Aedes. Aedes 

aegypti is serves as the principal vector whereas Aedes albopictus serves as a secondary 

vector to CHIKV transmission (Robinson, 1955, Jupp and McIntosh, 1988, Diailo et al., 

1999). CHIKV transmission cycle involves mosquitoes which serve as arthropod vectors and 

humans who serve as vertebrate hosts. Though during epidemics humans serve as the 

reservoirs whereas during the inter-epidemic periods, monkeys, rodents, birds serve as 

reservoirs of CHIKV (Diailo et al., 1999).  

 

CHIKV was first discovered in 1952 during an outbreak that occurred on the Makonde 

Plateau, along the border between Tanganyika and Mozambique (Robinson, 1955). 

Subsequent outbreaks of CHIKV have been reported in India, Pakistan, Sri Lanka, 

Myanmar, Thailand, the Philippines, Cambodia, Vietnam, Hong Kong and Malaysia. Other 

CHIKV outbreaks have occurred in the islands such as Madagascar, Comoros, Mayotte the 

Seychelles and Mauritius, Mombasa and the Reunion (Enserink, 2006, Mourya and Mishra, 

2006). Evidence of CHIKV amongst travelers from endemic areas to Europe, Canada, the 

Caribbean (Martinique) and South America is well documented (Parola et al., 2006). CHIKV 

is also known to have caused an outbreak in the Democratic Republic of the Congo between 

1999 and 2000 with concomitant outbreaks occurring in Indonesia (Pastorino et al., 2004). In 

Kenya CHIKV affected communities living in Lamu and Mombasa situated near the Indian 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

http://en.wikipedia.org/wiki/Arthralgia
http://en.wikipedia.org/wiki/Rash
http://en.wikipedia.org/wiki/Malaise
http://en.wikipedia.org/wiki/Rash
http://en.wikipedia.org/wiki/Fever
http://en.wikipedia.org/wiki/Chills
http://en.wikipedia.org/wiki/Sore_throat
http://en.wikipedia.org/wiki/Myalgia
http://en.wikipedia.org/wiki/Headache
http://en.wikipedia.org/wiki/Cough
http://en.wikipedia.org/wiki/Fatigue_(medical)
http://en.wikipedia.org/wiki/Arthritis


39 

 

Ocean. In Lamu for example approximately 13, 500 people were infected with the virus 

(Sergon et al., 2008). 

 

CHIKV is associated with high morbidity which is experienced during outbreaks. Though 

CHIK is a self-limiting disease just like most arboviral infection it causes mild febrile illness to 

severe disease. Febrile illness is characterized by fever, severe arthralgias, myalgias, skin 

rash and arthritis. The severe form of CHIK infection is characterized by asthenia, 

exacerbation of arthralgias, inflammatory polyarthritis, meningoencephalitis, fulminant 

hepatitis and bleeding. The latter form of CHIK infection can be life-threatening and 

eventually lead to death (Johnston and Peters, 1996, Brink and Lloyd, 1994). 

 

1.4.3.3 Bunyaviridae 

 

RVFV is belongs to the family Bunyaviridae, genus Phlebovirus. RVFV is transmitted 

through bite of infected mosquitoes, exposure to infected blood, body fluids and tissues 

(Gerdes, 2004). RVFV has been associated with intermittent epizootics and sporadic 

epidemics in East Africa (Bird et al., 2009, Daubney and Hudson, 1932). RVFV was first 

isolated in Kenya in 1930 (Meegan and Bailey, 1988).  It has caused outbreaks in the Rift 

Valley of Kenya and Tanzania (Megan and Bailey, 1989). Subsequent outbreaks of RVFV 

have occurred in South Africa and Sudan.  In 1977 to 1979 RVFV caused an outbreak in 

Egypt that resulted in the infection of 200,000 people of which 600 died. There was also loss 

in livestock with 50% of the cattle dying (Meegan, 1979). In West Africa RVFV has been 

documented to have caused an outbreak in Mauritania (Faye et al., 2007, Nabeth et al., 

2001).  

 

RVFV has been reported to cause three major epidemics in South Africa. The first Epidemic 

was occurred between 1950-1951 (Alexander, 1951), followed by 1973-1975 (Coetzer, 
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1977) and the most recent outbreak occurring between 2008-2011. This virus has been 

shown to affect livestock and wildlife in South Africa (Métras et al., 2011). 

 

RVFV poses a significant impact in both human and animal health. RVFV affects livestock 

especially sheep and cattle causing severe infection with sporadic spill over to other 

domestic animals and humans. RVFV causes hepatitis, encephalitis, retinitis, blindness 

and/or a hemorrhagic fever; with a case fatality rate of approximately 10–20% (Madani et al., 

2003). It causes abortion especially in sheep and other livestock (Bird et al., 2009).  

 

BUNV belongs to family Bunyaviridae genus Orthobunyavirus which was first isolated from 

Aedes mosquitoes sampled from Semliki forest in Uganda in 1943 (Smithburn et al., 1946). 

It is widely distributed in sub-Saharan Africa especially in tropical regions (Smithburn et al., 

1946). BUNV is known to cause febrile illness in human (Smithburn et al., 1946). BUNV is a 

RNA virus composed of three segments (small, medium and large). BUNV has the ability to 

undergo reassortment and recombinations which results in new viruses which are more 

virulent such as Ngari virus which causes hemorrhagic fever in human (Bowen et al., 2001) 

Ngari virus a BUNV reassortant is composed of a medium segment of Batai virus and small 

and large segment of BUNV (Bowen et al., 2001). Antibodies to BUNV have been detected 

in human sera of patients presenting with febrile illness (Smithburn et al., 1946). The 

transmission cycle of BUNV involves mosquitoes which serve as vectors and rodents which 

serve as vertebrate hosts, probably small rodents (Smithburn et al., 1946).  
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1.5 Clinical Features of Tick-Borne Virus Infections  

 

Tick-borne virus infections can be classified into four main entities: Acute central nervous 

system illness ranging from mild aseptic meningitis to encephalitis with coma, paralysis, and 

death; acute short benign fevers with or without an exanthema; hemorrhagic fever that might 

be extensive, internal or external, and associated with capillary leakage, shock, jaundice, 

liver damage, and death; and polyarthritis and rash (Chin, 2000). The majority of human 

infections is asymptomatic or may result in a nonspecific flu-like syndrome whose onset may 

be insidious or sudden with fever, headache, myalgia, malaise and occasionally prostration. 

Infection may, however, lead to encephalitis, with a fatal outcome or permanent neurologic 

sequelae. Fortunately only a small proportion of infected patients progress to severe 

encephalitis. Experimental studies have shown that invasion of the CNS follows initial virus 

replication in various peripheral sites and a period of viremia. Viral transfer from the blood to 

the CNS through the olfactory tract has been suggested (Alatoom and Payne, 2009). 

Although most tick-borne viruses present with the above mentioned syndromes, these 

viruses have their specific clinical manifestations for example: Patients infected with CCHFV 

present with Myalgia, fever, lack of appetite, headache, nausea and/or vomiting, bleeding, 

diarrhea, cough, hepatomegaly, jaundice, rash and splenomegaly (Çevik et al., 2008). 

Dugbe virus which falls in the same family as CCHFV has been associated to cause febrile 

illness and thrombocytopenia in humans (Burt et al., 1996).  

 

Clinical signs of NSDV that also belongs to the same family as CCHFV and DUGV begin 

with fever, leukopenia, diarrhea, depression, anorexia, mucopurulent, blood-stained, nasal 

discharge, occasional conjunctivitis and fetid dysentery. In pregnant animals, NSDV causes 

frequent abortion (Yadav et al., 2011). Patients infected with TBEV presents with symptoms 

such as; fever, malaise, anorexia, muscle aches, headache, nausea, leukopenia, 
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thrombocytopenia and/or vomiting. The viremic phase lasts up to 4 days. The second phase 

of the disease occurs in 20% to 30% of patients after approximately 8 days of remission, and 

involves the central nervous system with symptoms of meningitis or encephalitis (Lindquist 

and Vapalahti, 2008). Table 6. 
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Table 6. Clinical features of tick-borne virus infections 

 

Tick-borne virus Clinical features 

Tick-borne encephalitis Fever, malaise, headache, nausea, vomiting, myalgia and muscle fasciculation, meningitis, encephalitis or myelitis  

Dhori Febrile illness and encephalitis 

Dugbe Mild-febrile illness and thrombocytopenia in humans 

Bhanja Apparent infection characterized by fever and encephalitis in young ruminants of sheep, goat and cattle 

Nairobi sheep disease Fever, hemorrhagic gastroenteritis and abortion in sheep and goats 

Kyasanur forest disease Fever, headache, severe muscle pain, cough, dehydration, gastrointestinal symptoms and bleeding problems. Patients may 
experience abnormally low blood pressure, and low platelet, red blood cell, and white blood cell counts. After 1-2 weeks of 
symptoms, some patients recover without complication. However, in most patients, the illness is biphasic and the patient 
begins experiencing a second wave of symptoms at the beginning of the third week. These symptoms include fever and signs 
of encephalitis (inflammation of the brain). 

Omsk hemorrhagic fever Fever, headache, severe muscle pain, cough, dehydration, gastrointestinal symptoms and bleeding problems. Patients may 
experience abnormally low blood pressure, and low platelet, red blood cell, and white blood cell counts. After 1-2 weeks of 
symptoms, some patients recover without complication. However, in most patients, the illness is biphasic and the patient 
begins experiencing a second wave of symptoms at the beginning of the third week. These symptoms include fever and signs 
of encephalitis (inflammation of the brain). 

Crimean-Congo hemorrhagic 
fever 

Headache, high fever, back pain, joint pain, stomach pain, and vomiting. Red eyes, a flushed face, a red throat, and petechiae 
(red spots) on the palate are common. Symptoms may also include jaundice, and in severe cases, changes in mood and 
sensory perception. As the illness progresses, large areas of severe bruising, severe nosebleeds, and uncontrolled bleeding 
at injection sites can be seen, beginning on about the fourth day of illness and lasting for about two weeks.  

Thogoto Abortion and pyrexia in sheep 

 

Source: (Davies, 1997b, Gritsun et al., 2003, Sang et al., 2006, Mehla et al., 2009). 
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1.6 Diagnosis of Arbovirus Infections  

 

 

Laboratory diagnosis of arboviruses has changed greatly over the last few years. In the past, 

identification of antibody relied on four tests: hemagglutination-inhibition, complement fixation, 

plaque reduction neutralization test, and the indirect fluorescent antibody (IFA) test. Positive 

identification using IgM and IgG-based assays requires a four-fold increase in titer between 

acute and convalescent serum samples. With the advent of solid-phase antibody-binding 

assays, such as enzyme-linked immunosorbent assay (ELISA), the diagnostic algorithm for 

identification of viral activity has changed (Hall et al., 2012).  Early in infection, IgM antibody is 

more specific, while later in infection, IgG antibody is more reactive. Inclusion of monoclonal 

antibodies (MAbs) with defined virus specificities in these solid phase assays has allowed for a 

level of standardization that was not previously possible. Virus isolation and identification have 

also been useful in defining viral agents in serum and tick vectors. While virus isolation still 

depends upon growth of an unknown virus in cell culture or neonatal mice, virus identification 

has also been greatly facilitated by the availability of virus-specific MAbs for use in IFA assays. 

Similarly, MAbs with avidities sufficiently high to allow for specific binding to virus antigens in a 

complex protein mixture (e.g tick pool suspensions) have enhanced the ability to rapidly identify 

virus agents in situ (Alatoom and Payne, 2009). An accurate molecular diagnostic method for 

tick-borne virus detection is RT-PCR that is highly specific and sensitive, enabling the 

identification of viruses in minute samples (Kong et al., 2006).  
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Figure 3. Typical arbovirus infection with timing of specific diagnostics  

 

Source: (Guzman and Istúriz, 2010, Fry et al., 2011) 

  

Most arboviruses inclusive of tick-borne viruses undergo a short period of viremia of between 5 

to 6 days after infection and disease onset. IgM starts to appear as viremia declines and peaks 

approximately 14 days after onset of disease. IgM may persist up to 3 months. IgG appears at 

the end of the first week of illness and slowly increases. IgG may be detectable over the lifetime 

of the individual. In secondary infections, high levels of IgG are detectable even in the acute 

phase of illness, whereas IgM levels are significantly lower. The structural protein, NS1 for 

Dengue virus is expressed during the first 10 days of illness (Figure 3). All of these markers 

have been proven useful for arbovirus diagnostic methods.  
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The diagnosis of CCHFV can be conducted using serology which entails antibody detection by 

ELISA, virus isolation and molecular assays (Table 7). IgG and IgM antibodies can be detected 

in positive serum by ELISA from about seven days after the onset of disease. Specific IgM 

declines to undetectable levels by 4 months post-infection whereas IgG remains detectable for 

years. CCHF can also be isolated from blood in cell culture within five days of illness 

(Zavitsanou et al., 2009). Detection of CCHFV antigens in tissue samples can be performed 

using immuonfluorescence. CCHFV RT-PCR is the most sensitive, specific and rapid test which 

is used for diagnosis of this virus (Drosten et al., 2003). 

 

The recent discovery of the next generation sequencing technologies such as 454 and illumina 

has greatly contributed to the genetic characterization of arboviruses and the discovery of 

unknown viruses which could not be previously identified. These high throughput platforms have 

provided a basis for the rapid and accurate diagnosis of arboviruses (Hall et al., 2012). 
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 Table 7. Overview of the most used diagnostic methods for selected tick-borne virus infections 

 

 
Viral pathogen 

Diagnostic 

Acute/early phase  Acute/late phase  Convalescent phase 

West Nile virus  PCR
a,b

, VI
b
, IH  IgM EIA

a
,  IgM/IgG EIA

a
, IgM/IgG 

IgM IFA
a
, HIA IFA

a
, HIA 

Tick-borne encephalitis virus PCR
b
, VI

b
, IH  IgM EIA

a
, IFA

a
, HIA   IgM/IgG EIA

a
, IgM/IgG 

IFA
a
, HIA 

Crimean Congo hemorrhagic fever virus  PCR
b
, VI

b  
IgM/IgG EIA

a
, IgM IgM/IgG EIA, IgG IFA 

IFA 

Rift Valley fever virus  PCR
b
, VI

b  
IgM/IgG EIA

a
, IgM  IgM/IgG EIA, IgG IFA, 

IFA,  HIA, inhibition HIA 

EIA 
 

* Adapted from (Niedrig et al., 2010). 
a   

Commercial assays available. 
b   

Methods useful for analysis of environmental or vector (mosquitoes, ticks, phlebotomes) samples. 
 

Abbreviations: 

EIA- Enzyme immunoassay; HIA- Hemagglutination inhibition assay; IB- immunoblot; IFA- immunofluorescence 

assay; IH- Immunohistological analysis of tissue samples; PCR- Polymerase chain reaction; VI- Virus isolation on 

cells. 
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1.7 Molecular Biology of Arboviruses 

 

Most arboviruses are classified according to their genome structure based on the number of 

strands, type of nucleic acid and according to the sense of their strands (positive (+) or negative 

(-) sense) (Perng and Chen, 2013). 

 

1.7.1 Togaviridae 

 

Togaviridae family, genus Alphaviruses consists of a genome consisting of a linear, positive-

sense, single stranded RNA molecule of approximately 11.8kb (Figure 4). These viruses encode 

both structural and non-structural proteins. The non-structural proteins that encompass two-

thirds of the genome are required for viral replication while the structural genes are collinear 

covering one-third of the genome. The structural proteins are produced by translation of an 

mRNA that is generated from an internal, sub-genomic promoter downstream of the non-

structural open reading frame. The 5’ end of the genome has a 7-methylguanosine cap, while 

the 3’ end is polyadenylated. The structural gene products are generated by translation of a 

sub-genomic mRNA to produce a polyprotein that is processed to produce a capsid protein, two 

major envelope surface glycoproteins (E1 and E2) as well as two small peptides, E3 and 6K 

(Simizu et al., 1984, Weaver et al., 2005). E1 and E2 are post-translationally modified in the 

endoplasmic reticulum and golgi apparatus before being transported to the plasma membrane 

(Schlesinger and Schlesinger, 1986) where they maintain a close association with each other, 

forming a trimeric heterodimer spike structure (Anthony and Brown, 1991, Paredes et al., 1993). 

As virion formation proceeds, the cytoplasmic nucleocapsids are transported to the cell 
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membrane where they bind to the surface glycoproteins before budding from the cell (Garoff 

and Simons, 1974, Ekström et al., 1994, Garoff et al., 1998). 

 

 

 

 

Figure 4. Genomic organization of the first publicly available CHIKV genome (Ross strain, 
GenBank accession no. AF490259).Genomic organization of the first publicly available CHIKV 
genome (Ross strain, GenBank accession no. AF490259). The four non-structural proteins 
(nsP1–4) are translated as a single polyprotein directly from the positive-sense RNA genome. 
The structural proteins (C, E3, E2, 6K and E1) are translated from a subgenomic RNA (26S) 
transcribed from a separate promoter within the non-translated (NTR) junction region. 5’ and 3’ 
NTR regions flank the coding region source: (Powers and Logue, 2007). 

 

Semliki forest virus like any other Alphavirus is composed of a positive-stranded RNA with a 

genome size of approximately 11.4kb. SFV genome codes for two thirds of nonstructural and a 

third structural proteins. 

 1.7.2 Bunyaviridae 

 

Bunyaviridae f am i l y  o f  v i r us es are enveloped, spherical/pleomorphic viruses whose 

genomes consist of three linear minus-sense (-) ssRNA segments of approximately 11 kb. 

This family consists of over 350 named isolates classified in five genera, namely 

Orthobunyavirus, Hantavirus, Nairovirus, Phlebovirus and Tospovirus. The bunyavirus genome 

consists of the small (S), medium (M), and large (L) segments (Elliott, 1997, Elliott, 1990). 

These segments serve as templates for RNA replication and mRNA transcription. The S 

segment encodes nucleocapsid (N) protein that is involved in the packaging of encapsulated 
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genomes into virions (Weber et al., 2001) and the non-structural protein (NSs) which are 

translated from overlapping reading frames in the same mRNA (Dunn et al., 1994). The M 

segment encodes a polyprotein that is cleaved into glycoproteins (Gn and Gc) as well as non-

structural protein (NSm) (Fazakerley et al., 1988). Viral polymerase is encoded by the L 

segment. The genetic organization of the segments is similar across all genera; each template 

strand possesses non-translated regions (NTRs) located at the 3’ and 5’ termini, which surround 

a single transcriptional unit (Figure 5). These NTRs exhibit highly conserved, genus-specific 

sequences at their extreme termini that comprise cis-acting signals involved in RNA synthesis 

and segment packaging (Schmaljohn and Nichol, 2007). In addition, the 3’ and 5’ NTRs of each 

segment display extensive nucleotide complementarity, which is often broken by a single 

conserved nucleotide mismatch, allowing the possibility of NTRs interaction through canonical 

Watson-Crick base pairing. In line with this, there is evidence from both biochemical analyses 

and direct observation to suggest that Bunyavirus RNA segments exist as circular molecules 

within infected cells and virus particles (Raju and Kolakofsky, 1989), further suggesting that 

NTR interaction is required for segment function. The internal regions of the NTRs show 

considerable variation, both between segments of the same virus and between members of the 

same genus, and these segment-specific sequences have been shown to play roles in the 

regulation of RNA synthesis for both BUNV and RVFV (Barr et al., 2003, Gauliard et al., 2006). 

Analysis of recombinant BUNV bearing altered S segments has shown that many of these 

segment-specific NTR sequences are dispensable for virus multiplication; however, they do 

make a significant contribution to virus fitness (Lowen et al., 2005). The possibility that 

additional signal elements are located outside the segment NTRs cannot be ruled out. For 

BUNV, most segments in which the cognate pairings of NTR and ORF sequences are 

rearranged cannot be rescued into viable infectious virus (Lowen and Elliott, 2005), suggesting 

interplay between the two regions. 
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1.7.3 Flaviviridae  

 

Flaviviridae family, genus Flaviviruses are enveloped spherical viruses whose genome 

consists of a positive-sense (+), single-stranded (ss) RNA molecule of approximately 11kb. 

Their virion contains a nucleocapsid core of 20–30 nm composed of a single capsid protein. The 

envelope contains envelope and membrane proteins. Immature, intracellular virions contain a 

precursor membrane protein, which are proteolytically cleaved during virus maturation. The 

virion RNA appears to be identical to the mRNA. Three structural proteins and seven non-

structural proteins are encoded from one long open reading frame flanked by terminal 

noncoding regions that form specific secondary structures required for genome replication,  

translation or packaging. Viral proteins are synthesized as part of a polyprotein of more than 

3000 amino acids, which is co- and post-translationally cleaved by viral and cellular proteases 

(Lindenbach and Rice, 2001). The envelope glycoprotein is the major structural protein that 

plays an important role in membrane binding and inducing a protective immune response 

following virus infection. It carries epitopes detected by neutralization and haemagglutination 

inhibition tests that have been used to identify different subgroups and species of Flaviviruses.  
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Figure 5. Schematic representation of genomic RNAs belonging to prototypic members of the 
five genera classified within the family Bunyaviridae. Schematic representation of genomic 
RNAs belonging to prototypic members of the five genera classified within the family 
Bunyaviridae.  All Bunyaviruses possess three RNA segments named small (S), medium (M) 
and large (L). Arrows below each segment indicate ORFs expressed using a negative-sense 
coding strategy, whereas arrows above the segments denote ORFs transcribed as mRNAs from 
positive-sense, ambisense templates (Source: (Walter and Barr, 2011). 
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1.7.4 Orthomyxoviridae 

 

Orthomyxoviridae family, genus Thogotovirus consists of approximately 10kb genome that 

contains six to seven segments of linear, negative sense single-stranded RNA. Thogotovirus 

virions are spherical or pleomorphic and measure between 80–120 nm in diameter. The virion 

envelope is derived from cell membrane lipids and bear surface glycoprotein projections. 

Thogotovirus viral RNA segment possesses conserved region NS of semi-complementary 

nucleotides at the 3’ and 5’ termini and mRNA synthesis is primed by host-derived cap 

structures. Both the 3’ and 5’ sequences of virion RNA are required for viral RNA promoter 

activity and the cap-snatching mechanism appears unique (Leahy et al., 1997). Thogoto virus 

(THOV), a virus within the genus Thogotovirus contains six single-stranded RNA segments. 

Four of them encode gene products that correspond to the viral polymerase (PB1, PB2 and PA) 

and nucleocapsid protein (NP) of influenza viruses (Weber et al., 1998).  

 

1.8 Diversity of Tick-Borne Viruses 

 

Knowing how tick-borne viruses vary genetically in space is important in identifying where 

strains that potentially impact humans or animals may occur. There is paucity of data on genetic 

diversity of tick-borne viruses.  

 

Studies on a continental scale have suggested that some arboviruses are relatively genetically 

homogenous, such as eastern equine encephalomyelitis virus (EEEV) in the Americas (Weaver 

et al., 1993, Weaver et al., 1994, Brault et al., 1999) and Highlands J Virus (HJV; (Cilnis et al., 

1996) in eastern North America, western equine encephalomyelitis virus (WEEV) in western 
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North America (Weaver et al., 1997) and Barmah Forest Virus (Poidinger et al., 1997) and 

Sindbis Virus (SINV) in Australia (Sammels et al., 1999). Others show greater genetic diversity, 

often with multiple strains or subtypes sometimes co-circulating in the same geographical area, 

such as EEEV in South America (Brault et al., 1999), dengue virus (Gould et al., 2001, 

Carrington et al., 2005) and Venezuelan equine encephalitis (Weaver and Barrett, 2004) in 

Central and South America, Ross River Virus in Australia (Lindsay et al., 1993), SINV in the Old 

World (Norder et al., 1996), and tick-borne encephalitis viruses throughout northern Eurasia 

(Zanotto et al., 1995). 

 

Genetic diversity study on CCHFV was conducted in Turkey on isolates obtained from 48 

patients between 2009 and 2010. Sequences of both S and M segments were obtained and 

analyzed. The results indicated that these isolates had high genetic homology in the S segment 

and slight variation in the M segment. Phylogenetic analysis also revealed that these isolates 

clustered closely to the lineage 1 CCHFV isolated from Eastern European-Russian and Balkan 

Peninsula (Kalaycioglu et al., 2012). The variation in the M segment might be due to the fact 

that M segment is a highly variable region which undergoes more frequent reassortment than 

the S and L segments (Deyde et al., 2006, Morikawa et al., 2007). Worldwide genetic diversity 

of CCHFV has been attributed to its segmented RNA genome that undergoes recombination 

and reassortment regardless of the existence of diverse genetic lineages associated with 

different geographical locations (Deyde et al., 2006, Mild et al., 2010). 

 

Genetic diversity in arboviruses is generally thought to reflect dispersal and movement patterns 

of the typical enzootic reservoir host(s), with more sedentary hosts (such as small mammals) 

leading to greater virus diversity and spatial structure than more mobile hosts (such as birds) 

that presumably spread viruses over large geographical regions (Brault et al., 1999, Sammels et 
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al., 1999, Gould et al., 2001). Movement of vectors can also potentially influence virus genetic 

composition (Tabachnick, 1992, Merrill et al., 2005) although less emphasized to date, perhaps 

owing to the short lifespans and presumed reduced dispersal capabilities of small arthropods  

(Traore et al., 2005, Sellers, 1989, Zanotto et al., 1995). 

 

Therefore this study aimed at investigating the diversity of tick-borne viruses in Ijara District, 

Kenya which will aid in assessing the risk of tick-borne disease, monitoring emerging tick-borne 

viral diseases and investigation of the phylogenetic evidence of the history of host range shifts 

in arboviruses to comprehend disease transmission, pathogenesis, and to understand the 

biology of vectors and their role in transmission. 

 

1.9 Conclusions 

 

Tick-borne viruses threaten health and security of human and animals and may spread by 

competent vectors across great distances (Gubler, 2002). They circulate in sylvatic and peri-

domestic cycles involving animals and humans (LaBeaud et al., 2008). Approximately 50% of 

arbovirus isolations are from mosquitoes whereas 25% are from ticks (Sang et al., 2006).The 

true/factual prevalence of tick-borne viruses within the population and their potential vectors is 

not known by the relevant health authorities in Kenya. As a result, diagnosis and treatment is 

often delayed by health care professionals who are unaware of the presence of these viral 

diseases and thus do not take them into consideration when attempting to determine the cause 

of a patient’s illness. In the absence of major and dramatic outbreaks, health authorities often 

fail to allocate adequate funding for the surveillance and control of these viral diseases. It is 

therefore important that those engaged in all aspects of public health surveillance in Kenya, be 

aware of the epidemiology of this group of viral diseases in order to prepare for their control. 

This study will provide useful information on the circulation, transmission and diversity of tick-
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borne viruses, their principal vectors in the Ijara District, which represents the pastoral rural 

region of North Eastern Kenya. This will help in understanding the importance of these viral 

diseases in a region with close human-animal contact and inform the allocation of resources for 

their control by health authorities. This study will also aid in assessing the risk of tick-borne 

disease, monitoring emerging tick-borne viral diseases and investigation of the phylogenetic 

evidence of the history of host range shifts in arboviruses to comprehend disease transmission 

and pathogenesis, and to understand the biology of vectors and their role in transmission. This 

will ensure timely diagnosis, prevention and treatment of these tick-borne viruses by the medical 

personnel. 

 

1.10 Hypothesis 

 Tick-borne viruses are present and diverse in North Eastern pastoral zones of Kenya.  

 

1.11 Aim 

 To gain in-depth understanding of the circulation, transmission and diversity of tick-borne 

viruses in Pastoral Eco-zone of Ijara District, North Eastern Province of Kenya as a 

reflection of what may be expected in North Eastern pastoral zones of Kenya.   

 

1.12 Objectives  

 To determine prevalence of Crimean-Congo hemorrhagic fever antibodies in humans 

that attend health facilities in Ijara District, North Eastern Province of Kenya.  

 To determine the prevalence of tick-borne viruses among tick vectors in Pastoral Eco- 

zone of Ijara District, North Eastern Province of Kenya. 
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 To determine the genetic diversity of the tick-borne viruses circulating among ticks 

and/or their host animals in Pastoral Eco- zone of Ijara District, North Eastern Province 

of Kenya.  
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Chapter 2 

 

Prevalence of Crimean-Congo hemorrhagic fever antibodies in humans that attend health 

facilities in Ijara District, North Eastern Province of Kenya 

 

2.1 Introduction 

 

CCHF is a disease caused by a virus of the Nairovirus genus, family Bunyaviridae. The disease 

is endemic in many countries in Europe, Asia and Africa (Burt and Swanepoel, 2005). It was first 

reported in the Crimean peninsula in the mid 1940’s, when a large outbreak of severe 

hemorrhagic fever with a case fatality rate of > 30% was recorded (Hoogstraal, 1979, Karti et 

al., 2004) and designated as CHF. The virus was later shown to be antigenically identical to 

Congo virus isolated from a febrile patient in the Democratic Republic of Congo in 1956 

(Hoogstraal, 1979), and subsequently named CCHFV (Casals, 1969).  

 

Members of the tick genus Hyalomma are the principal vectors of CCHFV. There is evidence 

that the virus causes infection in birds such as ostriches, guinea fowls, hornbills (Hoogstraal, 

1979) and antibodies against CCHFV have been detected in the sera of horses, donkeys, goats, 

cattle, sheep and pigs in various regions of Europe, Asia and Africa (Shimshony, 2010). Birds 

and domesticated ruminants including cattle, sheep and goats become viremic for one week 

after experimental infection (Shimshony, 2010).  

 

Humans become infected through a bite of, or crushing an infected tick with open skin wound; 

through contact with animal blood or tissues and by drinking unpasteurized milk from infected 

animals. Aerosol transmission has been documented in Russia under nosocomial conditions 
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(Shimshony, 2010). Possible horizontal transmission has also been reported from mother to 

child in Russia (Shimshony, 2010).  

 

The signs and symptoms of CCHF disease/infection include: hemorrhagic manifestations such 

as ecchymosis, petechia, epistaxis, hematemesis, and hemorrhagic enteritis as reflected by 

bloody diarrhoea accompanied by one or more of the following symptoms: Fever, severe 

headache, joint pain, chills, and nausea (Elata et al., 2011).  

 

Epidemiologically, CCHF cases are distributed mainly among rural actively working age groups 

exposed to tick bites and animals (Gao et al., 2010) with the most at-risk group being livestock 

farmers living in endemic areas. Almost 90% of the cases in a recent outbreak in Turkey were 

farmers (Shimshony, 2010). Abattoir workers who work with large domestic animals are also at-

risk through either slaughtering viremic animals or exposure to ticks which dislodge from the 

animal hides. Ingestion of meat itself is not a risk because the virus is inactivated by post-

slaughter acidification of the tissues. Gender distribution varies between countries, depending 

on the relative participation of men and women in agricultural work (Shimshony, 2010) 

 

The geographic range of CCHFV is the most extensive of the tick-borne viruses affecting 

humans (Ergönül, 2006). In Kenya, CCHFV has been detected in ticks on only two occasions: in 

a pool of Rhipicephallus pulchellus ticks collected in 1970s from a dying sheep in Kabete 

veterinary laboratory (Hoogstraal, 1979) and most recently in multiple pools of Hyalomma ticks 

collected in North Eastern Kenya (Sang et al., 2011). However, only one human case of CCHFV 

infection has been documented in western Kenya in October 2000 which represents the first 

and only documented case of acute human CCHFV infection in Kenya (Dunster et al., 2002).  
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Although evidence of circulation of CCHFV amongst ticks suggests that humans may be 

exposed in parts of Kenya, CCHFV transmission among human population has not been well 

characterized. In this study, serum samples collected from acute febrile illness surveillance 

patients in Ijara District, a pastoralist community in rural northern Kenya, were screened for the 

presence of both anti-CCHF IgM and IgG antibody to determine the extent of CCHFV circulation 

amongst human population. IgM antibodies are a hallmark of acute infection whereas IgG 

antibodies are present in convalescent phase or indicate previous exposure to the infection. 

This study aimed at identifying acute cases of CCHF disease and determining the extent of 

previous exposure to CCHFV in outpatient population attending Sangailu and Ijara health 

centres, Ijara District, North Eastern Province, Kenya with complaints of acute febrile illness. 

 

2.2 Materials and Methods 

 

 

2.2.1 Study Area  

 

The study was conducted in Ijara District of the North Eastern province of Kenya (Figure 7). This 

is an arid and semi-arid region where 90% of the people practice nomadic pastoralism keeping 

indigenous cattle, goats, sheep, donkeys and camels.  Prolonged dry seasons trigger the 

movement of people and livestock to the Tana River Delta, Boni forest, area near the Indian 

Ocean coastline where water and pasture are abundant long after the rains have gone. This 

migration pattern facilitates the movement of potentially infected ticks across great distances 

presenting opportunity for exchange of diverse tick species and populations among huge animal 

and human populations and hence risk of exposure to tick-borne disease.  
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2.2.2 Study Design 

 

This was a descriptive, cross-sectional, and laboratory-based study conducted between October 

2010 and March 2011.  Blood samples were obtained from patients presenting with acute febrile 

illness, with complaints including fever, chills, cough, headache, joint aches, general body 

weakness and any hemorrhagic signs.  

 

2.2.3 Study Population 

 

 

The population was mainly rural. Many of these were herdsmen who graze cattle or collect 

firewood into forests. Human samples were obtained from patients attending Sangailu 

dispensary and Ijara health centre, which are the main health facilities that serve most of the 

inhabitants of this region. A total of 517 patients were enrolled into the study. 

2.2.3.1 Inclusion Criteria 

 

The following inclusion criteria was used to enroll patients: 

 

 Subjects referred by the clinician for laboratory blood tests, either due  to febrile illness, 

or for routine examinations e.g. malaria 

 Subjects who gave informed consent 

 Subjects above 5 years of age 
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2.2.3.2 Exclusion Criteria 
 

 Subjects who declined to give consent 

 Subjects aged below 5 years 

 

2.2.4 Ethical Considerations 

 

The samples used in this study were de-identified and only study codes used with no reference 

to the patients names on sample vial. Data and sample was collected only from consenting 

patients after consent explanation. Approval to carry out the study was obtained from KEMRI 

National ERC and University of Pretoria Research Ethics Committee, protocol number 61/2012. 

The patient informed consent forms are included in Appendix A. 

 

2.2.5 CCHFV Antibody Testing 

  

Detection of all CCHF virus specific IgM and IgG antibodies utilized the indirect ELISA format 

previously described by (Albayrak et al., 2010). This was done using a commercial kit which 

came with its own negative and positive control (VectoCrimean-CHF-IgG and IgM ELISA test 

kits, Vector-Best, Novosibirsk, Russia). The sensitivity to the standard panel of positive samples 

is indicated as 100% and the specificity of the standard panel of negative samples 100%. 

(www.vector-best.ru).   
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2.2.6 Indirect IgG Capture ELISA  

 

All samples were heat inactivated at 56ºC for 30 minutes. Inactivated lysates of tissue culture 

cells infected with the CCHF virus and a similarly diluted mock antigen made from uninfected 

cells were used as positive and negative antigens respectively. A positive anti-CCHF IgG 

human serum served as positive control sera and serum negative by ELISA for CCHF IgG 

specific antibodies served as a negative control (Vector-Best, Novosibirsk, Russia). HRP 

conjugated anti-human IgG, Fc specific diluted in Serum dilution buffer (1:4000) was used as a 

conjugate and ABTS peroxidase (Vector-Best, Novosibirsk, Russia) Parts A and B combined 

1:1 as a substrate. Wash buffer was phosphate buffer saline (Vector-Best, Novosibirsk, Russia). 

One half of the plate was coated with 100µl per well of positive antigen diluted at 1:1000. The 

second half of the plate was coated with 100µl per well of mock control antigen diluted at 

1:1000. The plates were incubated in a moist environment overnight at 2ºC to 8ºC then washed 

3 times with 300µl of wash buffer. One hundred microlitre of sample serum (as well as positive 

and negative controls) were added to both positive and negative wells at 1:100 dilution (hence 

each sample was tested against both positive and negative antigens), incubated for 1 hour in 

moist condition at 35ºC to 37ºC and then washed 3 times with 300 µl per well of wash buffer.  

One hundred microlitre of diluted HRP labeled with anti-human IgG antibody was added and the 

plates incubated for 1 hour at 35ºC to 37ºC. One hundred microlitre of the ABTS peroxidase 

substrate was added to each well. The plates were incubated for 30 minutes at 35ºC to 37ºC 

and then read spectrophotometrically at 405 nm on the ELISA reader (EL X800, Biotek, USA).  

 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



64 

 

2.2.7 Indirect IgM Capture ELISA 

 

All samples positive for anti-CCHF IgG were heat inactivated at 56ºC for 30 minutes. Inactivated 

lysates of tissue culture cells infected with the CCHF virus and a similarly diluted mock antigen 

made from uninfected cells were used as positive and negative antigens respectively. A CCHF 

virus positive human serum served as positive control sera and serum negative by ELISA for 

CCHF virus-specific antibodies served as a negative control (Vector-Best, Novosibirsk, Russia). 

HRP conjugated anti-human IgM, Fc specific diluted in Serum dilution buffer (1:4000) was used 

as a conjugate and ABTS peroxidase (Vector-Best, Novosibirsk, Russia) Parts A and B 

combined 1:1 as a substrate. Wash buffer was phosphate buffer saline (Vector-Best, 

Novosibirsk, Russia). One half of the plate was coated with 100µl per well of positive antigen 

diluted at 1:1000. The second half of the plate was coated with 100µl per well of mock control 

antigen diluted at 1:1000. The plates were incubated in a moist environment overnight at 2ºC to 

8ºC then washed 3 times with 300µl of wash buffer. One hundred microlitre of sample serum (as 

well as positive and negative controls) were added to both positive and negative wells at 1:100 

dilution (hence each sample was tested against positive and negative antigens), incubated for 1 

hour in moist condition at 35ºC to 37ºC and then washed 3 times with 300 µl per well of wash 

buffer.  One hundred microlitre of diluted HRP labelled with anti-human IgM antibody was added 

and the plates incubated for 1 hour at 35ºC to 37ºC. One hundred microlitre of the ABTS 

peroxidase substrate was added to each well. The plates were incubated for 30 minutes at 35ºC 

to 37ºC and then read spectrophotometrically at 405 nm on the ELISA reader (EL X800, Biotek, 

USA).  
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2.2.8 Interpretation of Results of both IgM and IgG ELISA 

 

The adjusted OD was calculated by subtracting the OD of the negative antigen coated wells 

from the positive antigen coated wells. The OD cut-off was calculated as the mean of the 

adjusted OD of the negative control sera plus three times the standard deviations, generally an 

OD of ≤ 0.2 at a 1:100 sample dilution. A serum sample was considered positive if the adjusted 

OD value was greater than or equal to the assay cut-off or 0.2, whichever value was higher. 

2.2.9 Questionnaire and Data Analysis  

 

Socio-demographic and risk factor data were gathered using a questionnaire which was pilot 

tested and then filled at the health facilities during the patient’s visit by trained interviewers. IgM 

and IgG sero-status was recorded as positive or negative and seroprevalence expressed as a 

percentage of the numbers sampled and tested. Exploratory analysis was performed to explore 

variables potentially associated with exposure to CCHF virus including age, occupation, contact 

with animals (camels, donkeys and goats), location and gender. Multivariable logistic regression 

model was used to investigate risk factors associated with testing positive for anti-CCHFV 

antibody.  Model reduction was based on likelihood ratio (LR) test at 5% level. The analyses 

were performed using R v 2.11.0 (Team, 2009, Pinheiro et al., 2011).  

 

2.3 Results 

 

2.3.1 Patient Demographics 

 

A total of 517 serum samples were collected from the patients presenting with febrile illness 

including fevers of unknown origin at Ijara Health Centre (248 samples) and Sangailu 

dispensary (269 samples), Ijara District in North Eastern Kenya (Figure 7) that consisted of 62% 
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females and 38% males aged between 5 and 90 years.  The patients enrolled in the study 

presented the following symptoms: fever (98%), chills (59%), cough (34%), headache (91%), 

joint aches (79%), abdominal pain (52%) and vomiting (30%). 

 

2.3.2 IgM and IgG Results 

  

The presence of both CCHF IgM and IgG antibodies were investigated among sampled 

patients. An acute case (1/517) from Sangailu tested positive for anti-CCHF IgM and 96 of 517 

sera were positive for anti-CCHF IgG of which 62 (65%) were patients sampled from Sangailu 

and 34 (35%) from Ijara.  

 

2.3.3 Prevalence and Risk Factors for CCHFV 

 

Overall, 96 (19%: 95% CI 15-22%) of the patients tested CCHF IgG antibody positive. This 

proportion was significantly greater in Sangailu (23%) than Ijara (14%; p=0.0063) and overall, 

males had a higher prevalence (23%) compared to females (15%). In Sangailu, 51.6% of those 

testing positive were females and 48.4% males; In Ijara, 52.9% of those testing positive were 

females and 47.1% males. The results indicated that those testing positive clustered within the 

age range of 40-49 years (Figure 6). In terms of occupation, farmers had the highest prevalence 

(29.3%), followed by housewives (18%) and businessmen (8%). Contact with some of the 

animals presented a risk of CCHFV-with prevalence among those who had contact with goats, 

camels and donkeys observed at 18.8%, 20% and 20.2%, respectively.  

 

Multivariable logistic regression analysis precluded the need for correcting for contact with 

camels and goats (LR test p-values equal 0.981 and 0.4107, respectively) – and were therefore 
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excluded from the final model. The final model results, presented in Table 8, indicated that age, 

location, and contact with donkeys were significantly associated with having anti-CCHF IgG 

antibody.  The results showed that the odds of CCHF increases by 1.02 for a one year increase 

in age after controlling for the other factors. The Odds of being CCHF positive was higher in 

Sangailu as compared to Ijara (OR=0.55, 95% CI: 0.33-0.90). Individuals who had contact with 

donkeys were highly likely to be CCHF positive than those who did not (OR=1.92, 95% CI: 1.05-

3.72). Although, overall higher proportion of males than females tested positive for CCHF IgG 

this difference was not statistically significant  (OR=2.65, 95% CI: 0.89-9.20;  p=0.096). Further 

analysis indicated that occupation of the subjects was also not significantly associated with 

being CCHF positive (Chi Sq = 4.1, df = 3, p=0.25). 

Table 8. Sero-prevalence and associated risk factors for CCHFV  

Risk factors anti-CCHF IgG Prevalence OR (95% CI) P-values

Age 

5 to 19 9.02

20 to 29 18.33

30 to 39 25

40 to 59 36.84

≥50       28.57 1.02 (1.01-1.04) 0.0038*

Sex

Female 15

Male 23 2.65 (0.89-9.20) 0.096

Occupation

Farmers 29.3

Businessmen 8 0.30 (0.02-1.72) 0.2659

Housewives 18 1.58 (0.50-5.77) 0.4558

Other 9.4 0.60 (0.24-1.40) 0.2478

Contact Donkeys 20.2 1.92 (1.05-3.72) 0.0427*

Location

Sangailu 23

Ijara 14 0.55 (0.33-0.90) 0.0186*  

 

           *=Significantly associated with being positive for anti-CCHF IgG antibody at 5% level; OR= odds ratio; CI=confidence interval.  
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Figure 6. CCHF IgG positive individuals (n=96) by age groups in health facilities in Ijara and 
Sangailu locations, October 2010-March 2011.  

 

2.4 Discussion 

 

CCHF outbreaks constitute a threat to public health because of its epidemic potential, the 

severity of disease it causes and associated mortality rates, its potential to cause nosocomial 

outbreaks and the limited options available for treatment and management of infected persons 

(Lwande et al., 2012, Lahariya et al., 2012). This being a zoonotic disease associated mainly 

with domestic animals, this study was designed with the aim of determining if the human 
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population in Ijara District, North Eastern Kenya which is essentially a pastoralist community 

living in the region where CCHFV has been detected among hyalommatid ticks, is getting 

exposed to CCHFV (Sang et al., 2011).   

 

A single case out of the 517 patients with acute febrile disease tested positive for anti-CCHFV 

IgM. This was a female patient seen in Sangailu Health Centre, Ijara District who had 

manifested with the following clinical signs: malaria smear positive, fever (37.8 0C), cough, sore 

throat, headache, abdominal pain, dizziness, muscle aches and joint pains. The outcome of this 

patient’s disease is not known, as there was no follow-up of the sampled cases. This patient 

represents the first documented case of acute human CCHFV infection in the area. The patient 

had contact with goats and donkeys, which might have placed her at high risk.  CCHFV was first 

detected in a 25-year-old farmer on a farm that was heavily infested by ticks in western Kenya. 

The patient had symptoms characterized by fever, headache, nausea, vomiting, severe muscle 

pains, neck stiffness, massive bleeding from the nose, mouth and upper and lower 

gastrointestinal tract. Differential diagnosis of malaria parasites, typhoid, dysentery and 

meningitis tested negative. The sample tested positive by RT-PCR for CCHFV and negative for 

both anti-CCHFV specific IgM and IgG antibodies (Dunster et al., 2002). A study carried out in 

Central Europe by (Pak, 1975) revealed that natural infection of large domestic mammals such 

as donkeys, cattle, camels and horses does occur. This indicates that donkeys elsewhere are 

potential reservoirs for CCHFV transmission and may be the case in this region.  

 

The overall prevalence of CCHF IgG antibodies, which is indicative of prior exposure to CCHFV 

in the present study population, was 19%. This is indicative of significant circulation of CCHF 

virus, not only among ticks as recently observed in the region (Sang et al., 2011) but also 

infecting and affecting the human population. The failure of the public health system to detect 
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acute cases could be attributed to the non-specific nature of the clinical presentation that makes 

it difficult for the health workers to differentiate CCHFV infection from other endemic causes of 

such severe febrile illness like malaria, brucellosis and typhoid. The observed prevalence is 

fairly comparable to a survey conducted elsewhere among nomadic tribes in Senegal where a 

sero-prevalence rate of 13.1% was observed (Chapman et al., 1991).  

 

The age group 40-49 years had the highest sero-prevalence rate, which is comparable to a 

study carried out in Iran by (Izadi et al., 2004) and which confirms that the important risk factors 

for CCHFV exposure include high-risk occupations (butchers, physicians, veterinarians), having 

contact with livestock, and age above 40 years. In this study, sero-prevalence of CCHFV 

increased significantly with age to a maximum of 36.23% at 40-49 years old. This, however, 

contradicts a study carried out in nomadic populations in Senegal where it was reported that the 

sero-prevalence increased significantly with age to a maximum of 31.6% among those of 31-39 

years old (Chapman et al., 1991)- although these age groups are adjacent. In another study in 

South Africa, CCHF IgG antibody prevalence among farmers increased with age (Fisher-Hoch 

et al., 1992). The high prevalence in the age group 40-49 years might be due to the fact that this 

is a mature age group that most actively herds domestic animals or actively handles them for 

purposes of trade or transportation (in case of milking, food preparation and slaughter) and are 

thus at a higher risk of contact with infected ticks and/or animal excrement.  

 

The sero-prevalence of CCHFV in Sangailu was significantly higher than that in Ijara. The 

population in Sangailu therefore appears to be at higher risk of exposure to CCHFV than the 

population in Ijara. Ijara (S01.57415 E040.12800) is closer to the Boni forest and enjoys more 

humid conditions and rain episodes than Sangailu (S01.27170 E040.66958) which is about 

40km away from Ijara with more arid conditions that are considered favourable for the 
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Hyalomma tick species, the primary vectors of CCHFV. The conditions prevailing in Sangailu 

may be more favourable providing great risk of exposure due to increased virus activity among 

ticks or viremic animals.  

 

Farmers were at a higher risk than housewives and businessmen. Farmers in the pastoralist 

communities in North Eastern Province interact closely with their animals during milking, 

slaughtering and caring for sick animals. During dry seasons, the farmers graze their livestock 

far from home, along the Tana River Delta, Boni forest all the way to the coast where water and 

pasture are abundant even during the dry season. In these habitats livestock from most of parts 

of North Eastern Kenya and Somalia converge and there is also opportunity for interaction with 

wild animals with possible risk of transmission of CCHF virus as possible reservoirs of CCHFV 

(Vorou et al., 2007, Estrada-Peña, 2001, Tonbak et al., 2006).  

 

Housewives were the second most affected occupational risk group. This could be through 

participation in high-risk activities such as taking care of livestock especially the small stocks 

(sheep and goat), milking and assisting in slaughtering animals. This finding is consistent with 

studies carried out in Africa, Europe and Middle East by Heymann (2004) and Izadi et al. (2004) 

which show that people working with animals such as farmers living in endemic areas, medical 

personnel, veterinarians, abattoir workers, shepherds, animal workers, butchers, and tanners 

having the highest prevalence of CCHF antibodies/infection (Heymann, 2004, Izadi et al., 2004).  

 

Other factors including age, location, and contact with donkeys were also shown to be risk 

factors for exposure to CCHFV. The fact that donkeys are widely used in the study area for 

domestic purposes essentially as a means of transportation of wares including grains and other 

food stuffs, commercial commodities to the market for sale and movement of water for domestic 
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use over long distances increases human/donkey contact and potential risk of tick bites. These 

animals are rarely slaughtered and because of their limited commercial value coupled with the 

fact that they do not die from tick-borne diseases, donkeys are not often prioritized during 

acaricide treatment of livestock. This could make them a better source of tick infestation and 

with potential to carrying infectious ticks. Enhancing community awareness of their potential role 

in the spread of tick-borne diseases and importance of acaricide treatment could present a more 

acceptable way to reduce transmission of CCHFV. A study reported by Shimshony (2010), 

detected CCHF antibodies in sera from horses, donkeys, goats, cattle, sheep and pigs in 

various parts of Europe, Asia and Africa. Although there is no evidence of CCHFV causing 

disease in animals, wildlife species such as hedgehogs and hares have been found to be 

viremic (Ergönül, 2006) 

 

This study confirms the transmission of CCHF virus to the human population in Ijara District. 

Age, location and contact with donkeys are risk factors to CCHF virus exposure with Sangailu 

being more at risk than Ijara. Health providers should be informed of the prevalence of CCHF in 

the area and equipped with clear case definition and identification of cases, possible therapies 

and resources to care for CCHFV patients including infection control measures and resources 

which often lack in rural hospitals in order to empower them to deal with CCHFV infection. The 

community should further be educated on the risks of disease and how to protect themselves 

against infection through tick control and identified high risk activities and on good animal 

husbandry to control tick infestation on all domestic animals including donkeys. Donkeys should 

be treated for ticks. Further research is recommended to investigate the possible role of goat, 

donkeys and other potential animal reservoirs of disease in the tick-CCHF life cycle. 

Seroprevalence of CCHFV in cattle should be carried out to determine the exposure of this 

virus, which has been isolated from hyalommatid ticks sampled from cattle in this region. This 
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will assist in focusing on control efforts and understanding CCHFV epidemiology in North 

Eastern Kenya. There is also need to characterize the clinical presentation of this infection in 

this population to improve detection and control of disease.  Investigation of the seroprevalence 

and burden of disease of the other tick and mosquito-borne viruses detected in this study is also 

needed to determine the impact of arboviruses on human morbidity and mortality in the area.  
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Chapter 3 

 

Identification of Tick-Borne Viruses among Tick Vectors in Pastoral Eco- Zone of Ijara 

District, North Eastern Province of Kenya 

 

3.1 Introduction  

 

Tick-borne viruses have a significant impact on human and animal health. They are responsible 

for some of the serious emerging and re-emerging infectious disease problems facing the world 

today, which frequently occur in epidemic form (LaBeaud et al., 2011). Examples of these tick-

borne viruses include CCHF, TBE, ASFV and NSD which pose threat to the health of humans 

and animals (Labuda and Nuttall, 2004) Table 4. They fall within six different viral families 

(Asfarviridae, Reoviridae, Rhabdoviridae, Orthomyxoviridae, Bunyaviridae and Flaviviridae) and 

at least nine genera. Some as yet unassigned tick-borne viruses may belong to a seventh 

family, the Arenaviridae. With one exception (ASFV) all tick-borne viruses (as well as all other 

arboviruses) are RNA viruses (Karabatsos, 1985, Van Regenmortel and Fauquet, 2000).  

 

Previous arbovirus surveillance conducted in various parts of Africa such as Kenya, South 

Africa, Central African Republic and Niger have revealed the presence of these viruses.  In 

Kenya arboviruses such as THO, DHO, DUG, BHA, KAD and Kupe virus have been isolated 

from ticks sampled from Livestock at abattoirs in Nairobi (Sang et al., 2011).  Evidence of 

mosquito-borne viruses being detected in ticks has been documented for example: WNV has 

been isolated from I. pavlovsyi and I. persulcatus species sampled from small mammals, lizards 

and birds in Tomsk city (Moskvitina et al., 2008); SINV has also been found in Hyalomma 

marginatum species in Sicily (Gresikova et al., 1978). WNV neutralizing antibodies were found 
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in sera and cerebrospinal fluid (CSF) of febrile patients in South Africa (Zaayman and Venter, 

2012). Outbreaks of WNV and SINV have also been documented in South Africa (McIntosh et 

al., 1976, Jupp and McIntosh, 1988). Antibodies against CCHF, DUGV and RVF viruses have 

been detected in sera sampled from Zebu cattle in Central African republic (Guilherme et al., 

1996).  In Niger, antibodies to CCHF and RVF viruses were identified in domestic livestock 

(cattle, sheep, goats and camels) (Mariner et al., 1995).  

 

The majority of human infections by tick-borne viruses are asymptomatic or may result in a 

nonspecific flu-like syndrome and only a small proportion of infected patients’ progress to 

severe disease (Alatoom and Payne, 2009). In severe infections, tick-borne viruses may cause 

systemic illness ranging from hemorrhagic fever associated with capillary leakage, shock, 

jaundice, liver damage, mild aseptic meningitis to encephalitis with coma, paralysis and death 

(Chin, 2000). Examples include viruses like CCHF, DUG, HAZ and KFD (Hoogstraal, 1979, 

Morikawa et al., 2002, Mehla et al., 2009).  Humans are incidental hosts because they do not 

produce significant viremia (Weaver and Reisen, 2010). They are infected through the bite of 

infected ticks during opportunistic blood feeding, through crushing of ticks by hand and through 

contact with tissue fluids of infected viremic animals. Nosocomial infections can also occur after 

handling of infected tissues and body fluids from infected persons (Calisher, 1994). These 

viruses can be diagnosed by serology, virus isolation in cell culture and molecular based assays 

(Hall et al., 2012). 

 

Ijara District of Kenya is home to a pastoralist community for whom livestock keeping is a way of 

life. The animals are highly valued and are often maintained in enclosures close to human 

dwellings or temporary nomadic sheds, and small ruminants are sometimes held inside homes 

overnight to secure them from wild animals. Such practices increase the risk of tick-borne virus 
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transmission. Poor husbandry, value systems and grazing practices put great pressure on land 

resources, which results in the need to continuously move large numbers of animals, especially 

cattle, in search of pasture which often brings livestock to share pasture with wild animals in 

forest ecosystem. With this in mind, tick-borne arbovirus survey was conducted in a pastoral 

eco-zone where intense livestock farming is practiced. Arboviruses such as RVF and WN have 

been isolated from mosquitoes sampled from homesteads in North Eastern Province of Kenya 

during the 2006-2007 RVF outbreak (LaBeaud et al., 2011). CCHFV activity has also been 

demonstrated amongst hyalommid ticks in the region (Sang et al., 2011). Antibodies to CCHFV 

have been detected in human sera sampled from febrile patents attending Sangailu dispensary 

and Ijara health centre within Ijara district indicating the level of human exposure to CCHFV 

(Lwande et al., 2012). This study will aim at improving the understanding of the role of ticks in 

arbovirus circulation in North Eastern pastoral zones of Kenya as a means of preventing virus 

emergence and dissemination. It will provide information on the actual burden of disease 

caused by tick-borne viruses, which will enable the relevant health authorities to put measures 

in place to prevent and control these viruses. This study will also provide a current update on 

the tick-borne viruses circulating in the region.  
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3.2 Materials and Methods 

 

3.2.1 Study Design 

 

This was a field based descriptive cross-sectional and laboratory-based study. Ticks were 

sampled from animal hosts (livestock and wildlife) and sent to the KEMRI Entomology 

laboratory for identification. Identified ticks were pooled into groups of maximum 8 ticks and 

homogenized for virus isolation in culture using Vero cells. CPE positive pools were 

subjected to RT-PCR using virus specific primers. All Hyalomma species were prescreened 

for CCHFV using RT-PCR.   

 

3.2.2 Study Area 

 

The study was conducted in Ijara District of North Eastern Province of Kenya (Figure 7). This 

is a low altitude (ranging between 0 and 90 meters above sea level) arid and semi-arid 

region where 90% of the people practice nomadic pastoralism, keeping indigenous cattle, 

goats, sheep, donkeys and camels. Approximately one quarter of the District is covered by 

the Boni forest bordering the Indian Ocean, which is an indigenous open canopy forest that 

forms part of the Northern Zanzibar-Inhamdare coastal forest mosaic (Antipa, 2007). A 

section of the forest, the Boni National Reserve is under the management of the Kenya 

Wildlife Service as a protected conservation area and is home to a range of wildlife species, 

including hirola antelope (also known as Hunter's hartebeest), reticulated giraffe, elephant, 

buffalo, lion, leopard, cheetah, African wild dog, lesser kudu, desert warthog and bushbuck. 

Rainfall is unreliable in Ijara District since it does not follow a seasonal pattern hence the 

District is prone to frequent droughts, and annual temperature varies from 20 to 38°C. 

Prolonged dry seasons trigger the movement of people and livestock to the Tana River delta 

and the Boni forest area near the Indian Ocean coastline where water and pasture are 

abundant long after the rains have gone (Antipa, 2007). This migration pattern facilitates the 
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movement of potentially virus-infected ticks across great distances, presenting opportunity 

for exchange of diverse tick species between the domestic, wild animals and even human 

populations, hence risk of exposure to tick-borne diseases.  

 

 

 

 

 

Figure 7. A map of the study sites within Ijara District in North Eastern Province, Kenya.  
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3.2.3 Ethical Considerations  

 

Approval to carry out this study was obtained from the Kenya Medical Research 

Institute (KEMRI) National Ethical Review Committee and University of Pretoria 

Research Ethics Committee, protocol number 61/2012. 

 

3.2.4 Tick Collection and Transport 

 

Sampling of ticks from both domestic animals and wildlife was undertaken in Ijara District, 

including Boni National Game Reserve. Qualified animal handlers who adorned the 

necessary protective gear (such as gloves, coveralls with trouser cuffs taped to shoes, high-

top shoes, socks pulled over trouser cuffs and long-sleeved shirts) performed the tick 

collections. Livestock (goats, sheep and cattle) were physically restrained, whereas Kenya 

Wildlife Service veterinarians immobilized the wild animals (giraffe, warthog, lesser kudu and 

zebra) using a combination of 6 mg etorphine hydrochloride (M99R, Novartis, South Africa) 

and 50 mg xylazine hydrochloride (Kyron, South Africa) (Mutinda et al., 2012).  Both 

livestock and wild animals were visually examined for ticks, with special attention to the 

abdomen, back, anal area, and hind legs. When the ticks were found they were pulled off 

manually and placed in sterile plastic vials, and transported to the laboratory in dry ice.  

 

3.2.5 Tick Processing and Identification 

 

The sampled ticks were washed twice with sterile water to remove excess particulate 

contamination from animal skin, and rinsed once with 70% ethanol, and twice with minimum 

essential medium (MEM) containing antimicrobial agents (100 U/mL penicillin, 100 µg/mL 

streptomycin and 1 µL/mL amphotericin B). Ticks identification was performed using 

appropriate identification keys (Matthysse and Colbo, 1987, Okello-Onen et al., 1999) and 

scutum coverage was used to confirm  the sex of the ticks. The ticks were transferred to 
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sterile vials, and stored at -80°C until processed for virus isolation. Ticks were later thawed 

in ice (4°C), identified and pooled into groups of 1 to 8 (depending on size) by species, sex 

and animal host. Each pool was homogenized using 90-mesh alundum in a pre-chilled, 

sterile mortar and pestle with 1.6 to 2 mL ice-cold MEM with 15% fetal bovine serum (FBS), 

2% glutamine, 100 U/mL penicillin, 100 µg/mL streptomycin, and 1 µL/mL amphotericin B. 

The homogenates were clarified by low-speed centrifugation at 1,500 rpm for 15 minutes at 

4°C and supernatants aliquoted and stored at -80°C. In the case of Hyalomma species, the 

primary vectors of CCHFV, each pool was prescreened for CCHF by RT-PCR to exclude 

this virus prior to cell culture screening.  

 

 3.2.6 Virus Isolation 

 

Vero cells were obtained form the Amercian Type Culture Collection, Rockville, Md. Vero 

cells were grown in 25-cm2 cell culture flasks to 80% confluency in EMEM (Lonza, Basel, 

Switzerland) containing 10% FBS (Invitrogen, Carlsbad, CA), 2% glutamine (Invitrogen), 100 

U/mL penicillin, 100 µg/mL streptomycin (Lonza, Basel, Switzerland), and 1 µL/mL 

amphotericin B. The cells were then rinsed with sterile phosphate buffered saline (PBS) and 

0.2 mL clarified tick homogenate added followed by incubation at 37°C for 45 minutes to 

allow virus adsorption. After incubation, MEM supplemented with 2% FBS, 2% glutamine, 

100 U/mL penicillin, 100 µg/mL streptomycin, and 1 µL/mL amphotericin B was added into 

the flasks and the cells incubated at 37 °C for fourteen (14) days while observing cytopathic 

effects (CPE) on a daily basis. The supernatants of virus infected Vero cell cultures 

exhibiting CPE of approximately 70% were harvested from the flasks for virus identification.  

The pooled infection rate program (PooledInfRat, Centers for Disease Control and 

Prevention, Fort Collins, CO, USA; http://www.cdc.gov/ncidod/dvbid/westnile/software.htm) 

was used to compare virus infection rates in the tick species collected and processed in this 

study. 
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3.2.7 Reverse Transcriptase Polymerase Chain Reaction 

 

Viral RNA was extracted from the culture isolates using TRIzol Plus RNA Purification Kit 

(Invitrogen) according to the manufacturer's recommended protocol. Extracted RNA was 

reverse transcribed to cDNA with the Transcriptor First Strand cDNA Synthesis Kit (Roche 

Applied Science) using Random hexamers followed by PCR using Phusion High-Fidelity 

PCR Kit (Finnzyme OY, Espoo, Finland) with primers targeting key arboviruses (Table 9). 

Using the PCR cycling conditions described in the respective references listed in Table 9. 

The PCR products were visualized on a 2% agarose gel stained with ethidium bromide 

(0.5µg/ml) using 100bp molecular weight marker (Invitrogen, Milan, Italy) and purified using 

shrimp alkaline phosphatase-exonucleaseI (ExoSapI) (USB Corp, Cleveland, OH) according 

to the manufacturer’s instructions. Isolates obtained in this study were confirmed with 

sequencing before indicating their identity and this is referred in Chapter 4 section; 4.2.5 and 

4.2.7.
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Table 9. Reverse Transcription Polymerase Chain Reaction Primers used for identification of key arboviruses 

 

Virus Target  

Target gene 

Primer Designation Primer Sequences 5'- 3' 

Annealing 

Temperature Reference  

Alphaviruses 
NS 

Vir 2052 For TGGCGCTATGATGAAATCTGGAATGTT 
59

o
C 

(Eshoo et al., 2007) 

  
  

Vir 2052 Rev TACGATGTTGTCGTCGCCGATGAA 
 

  

Orthobunyavirus 
NS 

OrthoBun For CTGCTAACACCAGCAGTACTTTTGAC 
57

o
C (Lambert and Lanciotti, 

2008) 

  
  

OrthoBun Rev TGGAGGGTAAGACCATCGTCAGGAACTG 
 

  

Thogoto 
N 

THO NF CCTGCAGGGGCGGAAGTTATG 
57

o
C 

(Sang et al., 2006) 

  
  

THO NR AAAATCCTCGCAGTTGGCTATCA 
 

   

Dugbe 
N 

DG S1 TCTCAAAGACAAACGTGCCGCAG 
57

o
C 

(Sang et al., 2006) 

  
  

DG S5 TGCAACAACTGGATGTGTGA 
 

  

Flaviviruses 
NS5 

FLAVI fu2 GCTGATGACACCGCCGGCTGGGACAC 
59

o
C  

(Bryant et al., 2005) 

  
  

FLAVI cfd3 AGCATGTCTTCCGTGGTCATCCA 
 

  

Ndumu Envelope (E1) gene 
ND 124F 

CACCCTAAA AGTGAC GTT 59
o
C 

(Bryant et al., 2005) 

    
ND 632R 

ATTGCAGAT GGG ATA CCG    

West Nile Helicase 
WN1315F 

GCCAATTTGCCTGC TCT AC 59
o
C 

(Turell et al., 2005) 

    
WN1824R 

CCA TCT TCA CTC TAC ACT TC    

Babanki E1 envelope 
glycoprotein Bab 3368F 

CAG CAG ATT GCG CGA CTG ACC 59
o
C 

(Bryant et al., 2005) 

    
Bab 4203R 

GCT CAC GAT ATG GTC AGC AGG    

Batai Polyprotein M segment BATAIM3F CCTGGGGAAGCATTGTGATTACT 59
o
C 

(Yandoko et al., 2007) 

    BATAIM3R CTAGCCAGCGACTCTTGCCTTCC    

Sindbis Non Structural Protein 
SINV1 

TTTAGCGGATCGGACAATTC 59
o
C 

(Bryant et al., 2005) 

    
SINV2 

GCGGTGACGAACTCAGTAG    

Chikungunya 5’NTR 
CHIK3F 

CACACGTAGCCTACCAGTTTC 59
o
C 

(Smith et al., 2009) 

    
CHIK3R 

GCTGTCAGCGTCTATGTCCAC  
  

O'nyong'nyong 5’NTR 
ONN3F 

GATACACACACGCAGCTTACG 59
o
C 

(Smith et al., 2009) 

    
ONN3R 

TACATACACTGAATCCATGATGGG  
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Yellow Fever Polyprotein 
CAG 

CGAGTTGCTAGGCAATAAACACATTTG GA 59
o
C 

(Ayers et al., 2006) 

    
YF7 

AATGCTCCCTTTCCCAAATA  
  

Dengue Structural polyprotein 
D1 

TCAATATGCTGAAACGCGCGAGAAACCG 60
o
C 

(Lanciotti et al., 1992) 

    
D2 

TTGCACCAACAGTCAATGTCTTCAGGTTC  
  

Crimean-Congo 
hemorrhagic fever N CCHF F2 TGGACACCTTCACAAACTC 

57
o
C 

(Sang et al., 2006) 

    CCHF R3 GACAAATTCCCTGCACCA 
 

  

Nairobi sheep disease N NSD 12f GAATGGTCGAACGTGGAC 
57

o
C 

(Sang et al., 2006) 

    NSD 16r TGCTGTCAGGACACCAGG 
 

  

Bunyamwera and 
California serogroups  N BCS82C ATGACTGAGTTGGAGTTTCATGATGTCGC 

57
o
C 

(Sang et al., 2006) 

    BCS332V TGTTCCTGTTGCCAGGAAAAT 
 

  

Dhori N DHO NF2 TGGTACCCTTTTCTTGCTTCACTCC 
57

o
C 

(Sang et al., 2006) 

    DHO NR2 TGCTCTTCCTCGGCTCAAACACCA 
 

  

Hazara N HAZ 803f CTGGTTGAGCTAGAGGGGAAAGACG 
57

o
C 

(Sang et al., 2006) 

    HAZ 1304r GGGCGGCATCATCGGGACTG 
 

  

Koutango NS5 KOU 176f TCAGGGAGGTGGGAGGTAAAC 
57

o
C 

(Sang et al., 2006) 

    KOU 734r TCATGCCATCCAACAGAAGGT 
 

  

Saboya NS5 SAB 226f GCAGGCTGGGACACAAAGAT 
57

o
C 

(Sang et al., 2006) 

    SAB 815r CTACAAGGGGCAATGATGGTTC 
 

  

Middleburg  E2 MID 1939f TACATGCCCCGAAGGTGACT 
57

o
C 

(Sang et al., 2006) 

    MID 2458r CGGGATGGTGTTCGGTAAAG 
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3.3 Results 

 

3.3.1 Tick Collection 

 

A total of 10,488 ticks were collected and processed for virus isolation in 1,520 pools. Species 

of ticks collected and their proportions are shown in (Table 12). The predominant species 

collected was Rh. pulchellus (76.12%) followed by H. truncatum (8.68%), A. gemma (5.00%), A. 

lepidum (4.34%), H. marginatum (2.24%), Hyalomma spp. (0.92%), Rh. appendiculatus 

(0.59%), H. dromedarii (0.59%), B. annualtus (0.53%), A. hebraem (0.39%), Rh. pravus (0.20), 

D. rhinocerous (0.07%) and unidentified nymph (0.20%). However, the calculated virus pooled 

infection rate was highest in Hyalomma spp. (142.86) than for other species (Table 12).  

 

3.3.2 Virus Isolation and Identification 

 

A total of 155 tick pools showed CPE in Vero cells yielding virus isolates. CPE was observed 

using an inverted microscope by comparing the tick homogenates with a positive and negative 

control for a period of 14 days.Though all isolates were subjected to RT-PCR with primers 

targeting key arboviruses (Table 9), only 82 isolates were identified, distributed among the tick 

species as follows: Rh. pulchellus (67), A. gemma (6), A. lepidum (4), H. truncatum (3) and 

Hyalomma spp. (2). There was no virus isolated from H. marginatum, Rh. appendiculatus, H. 

dromedarii, B. annualtus, A. hebraem, Rh. pravus, D. rhinocerous and the unidentified nymph 

pools. Rh. pulchellus had the highest number of virus-infected pools (46) followed by A.gemma 

(5), A. lepidum (3), H. truncatum (2) and Hyalomma spp. (2) (Table 12).  
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Table 10. Proportion of virus isolated from tick species sampled from livestock and wildlife 

 

 

Tick species  Bunyamwera Dugbe  Ndumu Semliki forest  Thogoto  West Nile 

A. gemma 3(68%) 1(20%) 0 (0%) 1 (4%) 0 (0%) 33.33% 

A. lepidum 2(4.55%) 0 (0%) 0 (0%) 2 (8%) 0 (0%) 0 (0%) 

H. truncatum 2(4.55%) 0 (0%) 0 (0%) 1 (4%) 0 (0%) 0 (0%) 

Hyalomma spp 2(4.55%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

R. pulchellus  35 (79.55%) 4 (80%) 2 (100%) 21 (84%) 3 (100%) 66.67% 

Total  44 (100%) 5 (100%) 2 (100%) 25% (100%) 3 (100%) 3 (100%) 
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3.3.2 PCR Identification 

 

 

 

 

 

Figure 8. RT-PCR gel results for CPE positive tick-homogenates using Alphavirus primers. L-
represents the 100 bp molecular ladder, +1 positive control for Middelberg virus, +2 postive 
control for SFV, – negative control and 1 to 30 are the CPE positive tick homogenates. 
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L     31  32  33   34  35   36   37  38  39   40  41   42  43   44  45  46   47   48  49   50  +1  +2    -

 

 

Figure 9. RT-PCR gel results  for cpe positive tick homogenates  with  Orthobunya  and 
Phleboviruses  primers. L-represents the 100 bp molecular ladder, +1 positive control for RVFV, 
+2 postive control for BUNV, – negative control and 31 to 50 are the CPE positive tick 
homogenates. 

 

The 82 virus strains were obtained from 52 tick pools of which 27 had single viral infection, 22 

contained mixed infections of two different viruses, 2 contained three different viruses and 1 

contained five different viruses (Table 12). The mixed infections were determined by RT-PCR 

and further confirmed by both Sanger and 454 sequencing. 

 

The observed onset of CPE among the isolates ranged from 3–12 days post infection. The 

identified isolates included BUN- (44), DUG- (5), NDU- (2), SF- (25), THO- (3), and WN- (3) 

virus strains, respectively. Of all the tick species processed for virus isolation, Rh. pulchellus 

had the highest infection with BUN-(35), SF-(21), DUG-(4), NDU-(2), THO- (3) and WN- (2) 

viruses (Table 12). WNV was also isolated from the A. gemma and Rh. pulchellus species 

sampled from cattle and warthogs. THOV was isolated from Rh. pulchellus species sampled 

from cattle, goats and warthogs. DUGV was isolated from Rh. pulchellus and A. gemma species 

sampled from cattle, goats and sheep (Table 10).  
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Table 11. Proportion of virus isolated from domestic and wild hosts from which ticks were 
sampled in Ijara district  

 

Animal host Bunyamwera Dugbe Ndumu Semliki forest Thogoto West Nile

Cattle 13 (29.55%) 2 (40%) 1 (50%) 7 (28%) 1 (33.33)% 1 (33.33)%

Goat 14 (31.82)% 2 (40%) 0 (0%) 8 (32%) 1 (33.33)% 0 (0%)

Sheep 15 (34.09%) 1 (20%) 0 (0%) 8 (32%) 0 (0%) 0 (0%)

Giraffe 1 (2.27%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Warthog 1 (2.27%) 0 (0%) 1 (50%) 2 (8%) 1 (33.33)% 2 (66.67)%

Total 44 (100%) 5 (100%) 2 (100%) 25 (100%) 3 (100%) 3 (100%)  

 

 

BUNV and SFV were predominantly isolated from Rh. pulchellus. Ticks sampled from livestock 

had the highest number of virus isolates.  BUNV was isolated from A. gemma species sampled 

from giraffe and Rh. pulchellus species sampled from warthog (Table 11).  A. gemma and Rh. 

pulchellus species were the major virus carriers amongst wildlife (Table 15). There was no virus 

isolated from ticks sampled from camel, lesser kudu and zebra (Table 15). 
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Table 12. Virus isolates obtained from ticks collected from animal hosts in Ijara District, Kenya 

 

Species # virus isolated Infected 

pools

Pooled IR

# tick 

pools

BU DU ND SE TH WN

# tick 

pools

BU DU ND SE TH WN

# tick 

pools

BU DU ND SE TH WN

# tick 

pools

BU DU ND SE TH WN

# tick 

pools

BU DU ND SE TH WN

A.gemma 76 29 2 0 0 0 0 0 14 0 1 0 0 0 0 9 0 0 0 0 0 0 2 1 0 0 0 0 0 21 0 0 0 1 0 1 6 5 65.79

A.hebraem 6 1 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

A.lepidum 66 29 1 0 0 1 0 0 30 1 0 0 1 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 4 3 45.45

B.annulatus 8 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0

D.rhinocerinus 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

H.dromedarii 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

H.marginatum 34 6 0 0 0 0 0 0 12 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

H.truncatum 132 20 0 0 0 0 0 0 37 1 0 0 1 0 0 61 1 0 0 0 0 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 3 2 15.15

Hyalomma spp 14 1 0 0 0 0 0 0 2 1 0 0 0 0 0 4 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 142.86

Rh.Pravus 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rh.appendiculatus 9 1 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rh.evertsi evertsi 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rh.pulchellus 1157 283 10 2 1 6 1 1 486 11 1 0 6 1 0 275 13 1 0 8 0 0 0 0 0 0 0 0 0 90 1 0 1 1 1 1 67 40 34.57

Unidentified nymph 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0

Total 1520 375 13 2 1 7 1 1 591 14 2 0 8 1 0 365 15 1 0 8 0 0 2 1 0 0 0 0 0 137 1 0 1 2 1 2 82 52

Warthog

Total  # 

tick 

pools Cattle Goat Sheep Giraffe

 

 

KEY: #-Number; BU-Bunyamwera virus; DU-Dugbe virus; ND-Ndumu virus; SE-Semliki virus; TH-Thogoto virus; WN-West Nile virus; 

IR-Infection rate. 73 unidentified CPE positive tick pools
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Table 13. Virus isolates obtained from diverse tick species sampled from livestock and wildlife 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tick species Bunyamwera Dugbe Ndumu Semliki forest Thogoto West Nile Total 

A.gemma 3 1 0 1 0 1 6 

A.hebraem 0 0 0 0 0 0 0 

A.lepidum 2 0 0 2 0 0 4 

B.annulatus 0 0 0 0 0 0 0 

D.rhinocerinus 0 0 0 0 0 0 0 

H.dromedarii 0 0 0 0 0 0 0 

H.marginatum 0 0 0 0 0 0 0 

H.truncatum 2 0 0 1 0 0 3 

Hyalloma spp. 2 0 0 0 0 0 2 

Rh.Pravus 0 0 0 0 0 0 0 

Rh.appendiculatus 0 0 0 0 0 0 0 

Rh.evertsi evertsi 0 0 0 0 0 0 0 

Rh.pulchellus 35 4 2 21 3 2 67 
Unidentified 
nymph 0 0 0 0 0 0 0 

Total 44 5 2 25 3 3 82 
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Table 14. Virus isolates obtained from ticks sampled from livestock and wildlife 

 

Animal host Bunyamwera Dugbe Ndumu Semliki forest Thogoto West Nile Total virus isolates Total number of ticks 

Camel 0 0 0 0 0 0 0 224

Cattle 13 2 1 7 1 1 25 2646

Goat 14 2 0 8 1 0 25 4557

Sheep 15 1 0 8 0 0 24 2590

Giraffe 1 0 0 0 0 0 1 6

Lesser Kudu 0 0 0 0 0 0 0 7

Warthog 1 0 1 2 1 2 7 536

Zebra 0 0 0 0 0 0 0 55

Total 44 5 2 25 3 3 82 10621  
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3.4 Discussion 

 

Tick vectors are known to be an important route for virus transmission and dissemination 

where one host may act as a reservoir of infection, pass it via the tick to a more vulnerable 

host, which then suffers disease (Hudson and Greenman, 1998). Tick-borne viruses cause 

significant morbidity/mortality and economic loss to humans, livestock and wildlife hosts in 

the tropics (Sonenshine and Mather, 1994). Wildlife serves as potential reservoirs for tick-

borne pathogens of livestock and humans. Domestic animals are infected when livestock 

and wild animals share pasture and water during adverse weather conditions (Jongejan and 

Uilenberg, 1994).  

 

The factual prevalence of tick-borne viruses in Ijara district remains unknown considering the 

fact that there were some unidentified tick homogenates that showed clear CPE which could 

have be detected by RT-PCR.   

 

Despite detecting a higher number of virus isolates, in ticks sampled from livestock, similar 

viruses (such as BUN, SF and NDU) were also isolated from wildlife signifying the potential 

of arbovirus transmission across animal species. Although CCHFV was not isolated from 

ticks sampled from diverse animal hosts in this study, DUGV which belongs to same family 

and genus (Bunyaviridae; Nairovirus) was isolated. Antibodies against CCHFV have been 

found in domestic and wild vertebrates (Vorou et al., 2007). CCHFV is also known to causes 

asymptomatic infection in wild animals (Ergönül, 2006). 

 

Among ticks collected from livestock, cattle (6.6%) and sheep (6.57%) showed the highest 

prevalence of virus-positive ticks, whereas tick sampled from warthogs had the highest 

prevalence among wildlife. In Ijara, warthogs live in close proximity to households and 
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interact closely with livestock (especially sheep and goats), which provide increased 

opportunity for transfer of ticks between domestic animals and warthogs in the villages.  

 

Two classical tick-borne viruses were isolated during this survey, namely THOV and DUGV. 

These viruses have been isolated in previous surveys conducted in South Africa and Kenya 

(Burt et al., 1996, Sang et al., 2006). THOV was first isolated in Kenya from Rhipicephalus 

species and Boophilus decoloratus in the 1930s (Karabatsos, 1985) and has been isolated 

repeatedly from various tick species in Kenya, West Africa, Europe and Asia (Calisher and 

Karabatsos, 1988, Sang et al., 2006). Two THOV infections have been reported in humans, 

with one fatality (Moore et al., 1975). There is thus a need to assess the public health impact 

of this virus in Kenya. THOV affects both livestock especially sheep causing widespread 

abortions (Davies, 1997b). DUGV has also been commonly isolated in surveillance studies 

conducted in Africa and is known to affect livestock particularly cattle (Camicas, 1980, 

Johnson et al., 1980, Burt et al., 1996, Sang et al., 2006). The implications of DUGV 

circulation to public health has not been evaluated in Kenya, although reports from South 

Africa suggest that it causes thrombocytopenia in humans (Burt et al., 1996, Boyd et al., 

2006). In an earlier study conducted around Lake Victoria, DUGV was isolated from Rh. 

pulchellus more commonly than any other virus with a single isolate from A. gemma, and 

where it was observed that more tick pools from dry scrubland were infected with DUGV 

than pools from the swamp edge (Johnson et al., 1980). This is consistent with our findings 

since most of our DUG isolates were from Rh. pulchellus and a single isolate from A. 

gemma.  

 

In this study Rh. pulchellus was the predominant tick species collected and had the highest 

number of virus isolates. BUN, DUG, NDU, SF, WN and THO viruses were isolated from Rh. 

pulchellus collected from cattle, goats, sheep and warthogs. Rh. pulchellus species is known 

to be a vector of both mosquito and tick-borne viruses. A previous survey carried out in 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



94 

 

abattoirs in Kenya also demonstrates the importance of this species in arbovirus 

transmission and maintenance (Sang et al., 2006). Arboviruses such as DHO, DUG, THO 

and Barur have been isolated from Rh. pulchellus species in Kenya (Sang et al., 2006). Rh. 

pulchellus is a known ectoparasite of both livestock and wildlife in savannah habitats east of 

the Rift Valley (Hopla et al., 1994). It is also a vector of several viruses such as: NSD, DUG, 

Barur and CCHF (Butenko et al., 1981). The abundance of Rh. pulchellus within the study 

region might be due to favorable ecological conditions which range from: semi-arid to arid 

zone with predominant acacia; cammiphora shrubs interspersed with grassy bushes and 

close proximity to the Tana Delta and the Indian Ocean.  This tick is therefore able to survive 

diverse climatic conditions where arbovirus populations may be found. Rh. pulchellus is also 

known to be a three host tick, a situation that provides multiple opportunities for acquiring, 

transmitting and disseminating more virus strains. Rh. pulchellus is a tick of both livestock 

and wildlife especially ungulates. This tick species has been found on sheep, zebra, 

antelopes, gazelles and black rhino (Walker et al., 2000).  These study findings provide 

additional information on the significance of Rh. pulchellus species as vectors of 

arboviruses.  

 

The most significant finding in the current study is the number of mosquito-borne virus 

strains isolated from pooled engorged ticks sampled from livestock and wild animals in Ijara 

District, North Eastern Province of Kenya. The detection of mosquito-borne viruses such as 

BUNV, NDUV, SFV and WNV in ticks may suggest that the ticks might have acquired the 

virus through ingestion of a blood meal from infected hosts during feeding and therefore 

there is need to conduct vector competence studies to ascertain the possible role of ticks 

and animals in the transmission cycle of these viruses. Three of the WNV isolates in this 

study were isolated from ticks (A. gemma and Rh. pulchellus) sampled from cattle and 

warthogs.  However, there is no documented role of these animals in WNV transmission and 

maintenance. The migration birds over long distances has been shown to play a role in the 
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dispersion of arboviruses such as WNV, Usutu and tick-borne encephalitis virus (TBEV) 

(Pfeffer and Dobler, 2010). A study carried out by (Waldenström et al., 2007) detected the 

presence of TBEV in ticks sampled from migrating birds. Although studies on WNV provide 

evidence of the virus being transmitted by mosquitoes and ticks (Moskvitina et al., 2008), 

none has been able to demonstrate the role of ticks in transmission of BUNV, NDUV and 

SFV.  

 

BUNV, DUGV and SFV were isolated from ticks sampled from livestock whereas NDU and 

WN viruses were isolated from ticks sampled from both livestock and wild animals. This 

study provides new information on isolation of BUNV and SFV from ticks sampled from 

livestock. Ngari virus a BUNV reassortant has been documented to have caused a large 

outbreak of hemorrhagic fever that occurred in 1997 to 1998 in East Africa (Gerrard et al., 

2004).  A study carried out by Sang et al. (2006) points to isolation of DUGV virus from ticks 

sampled from livestock at two major abattoirs in Nairobi, Kenya. One of our NDUV isolates 

was obtained from engorged pooled ticks sampled from warthogs. Viral meta-genomics 

demonstrate that domestic pigs are potential reservoirs of NDUV (Masembe et al., 2012). 

Warthogs being the wild members of the pig family Suidae there is possibility that they can 

also be potential reservoirs of NDUV just like the domestic pigs. WNV has been detected in 

diverse tick species in eastern Europe and also from Hyalomma marginatum ticks found on 

passerine birds in the Volga delta (Lvov et al., 1975, L'vov et al., 2002, Moskvitina et al., 

2008)). However, the significant role of tick vectors in the transmission of WNV remains 

unknown.   

 

Although ticks may be involved in the transmission and dissemination of the viruses 

detected in this study, there is also a possibility that ticks sampled in this study fed on 

viremic animals and, therefore, could have picked up the viruses from host blood. Though 

there is scarcity of information on tick vector competence, (Steele and Nuttall, 1989) were 
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able to demonstrate that Amblyomma variegatum is a more competent vector of DUGV than 

Rhipicephalus appendiculatus since the virus was ingested by A. variegatum nymphs during 

capillary feeding, replicated and persisted through moulting to adult stage whereas in R. 

appendiculatus the virus was ingested but did not persist to adult stage. Therefore further 

investigations using actual animal (domestic and wild) samples are needed to conclusively 

determine their role as reservoirs of the viruses in question. Similarly, vector competence 

studies should be performed to investigate the role of implicated tick species in the natural 

transmission cycle of the viruses isolated from the ticks in this study. 

 

Although no CCHFV was detected in this study, DUGV which belongs to the same family 

(Bunyaviridae) and genus (Nairovirus) was isolated from ticks sampled from livestock and 

wild animals. Moreover antibodies to CCHFV were found in sera of febrile patients attending 

health facilities suggesting the possibility of acute cases occurring without being detected in 

the region (Lwande et al., 2012). 

 

Our findings suggest a possible role for ticks in the maintenance, distribution and possible 

transmission of viruses normally associated with mosquitoes in Africa. The observed 

circulation of multiple arbovirus strains among pooled engorged ticks may provide 

opportunities for genetic recombinations and reassortments that could result in emergence 

of new arbovirus strains, some of which could be significant human pathogens (Bowen et al., 

2001). Therefore, continued tick based arbovirus surveillance among diverse host systems 

is valuable for monitoring arbovirus emergence.   
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Chapter 4 

 

Investigation of Genetic Diversity by Next Generation Sequencing of Arbovirus 

Isolates Obtained from Ticks Sampled from Livestock and Wildlife in North Eastern 

Kenya, Pastoral Eco-Zone  Ijara 

 

4.1 Introduction 

 

Arboviruses are transmitted biologically among vertebrate hosts by blood feeding arthropod 

vectors such as mosquitoes, ticks, midges and sandflies. These viruses circulate among 

vectors and animals causing disease in humans (incidental hosts) by spillover transmission 

(Weaver and Reisen, 2010). Epidemics caused by arboviruses result in considerable 

mortality, morbidity with economic loss (LaBeaud et al., 2008, Sonenshine and Mather, 

1994). Abundance of competent vectors for many arboviruses in sub-Saharan Africa 

suggests frequent circulation of these viruses in the region (Jentes et al., 2011).  

 

Arboviruses of Togaviridae, Flaviviridae and Bunyaviridae families remain endemic in most 

parts of Kenya (Sang et al., 2006, LaBeaud et al., 2011, Mease et al., 2011, Sang et al., 

2011, Lwande et al., 2012). Arboviruses such as YF, DEN, WN, CHIK, ONN, RVF, DUG and 

BUN have previously been detected especially in North Eastern Province of Kenya. 

Although most of the isolations are mosquito-borne, tick-borne viruses such as CCHFV have 

also been detected in the area (Sang et al., 2011, Lwande et al., 2012). Most arbovirological 

studies have been limited to serology and/or virus isolation via cell culture. Evidence of 

human infection through serology has been documented for YFV and CCHFV (Henderson et 

al., 1970, Lwande et al., 2012). CCHFV has also been isolated from hyalommatid ticks 

sampled from cattle (Sang et al., 2006, Sang et al., 2011) and WN and RVFV from 

mosquitoes (LaBeaud et al., 2011) all in the North Eastern Province of Kenya.  
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Classical methods of virus detection like neutralization assay, cell culture and polymerase 

chain reaction have continuously been used to determine the causative agents of viral 

diseases during outbreaks. Although these tests remain important in viral diagnosis, virus 

isolation, which is still considered the gold standard is time consuming while PCR and 

serology  necessitate knowledge of the disease agent in order to design specific primers and 

antibodies for viral detection (Bishop-Lilly et al., 2010). It is not possible to culture all viruses 

without potentially leading to false negatives if growth is not observed. Further probing using 

molecular methods is needed to identify viral agents in positive culture. Moreover, strain 

variation due to point mutations, re-assortment or recombination exists among virus agents, 

that may have a bearing on the severity of outbreaks, yet such subtle differences are not 

easy to unravel using conventional methods. This limitation makes virus diagnosis difficult 

especially when dealing with a novel virus or variant.  

 

There is paucity of genetic data on arboviruses circulating in Kenya even though such 

studies conducted elsewhere in Africa have indicated diversity in most emerging 

arboviruses. A few studies have investigated the major arboviruses such as WN reviewed in 

(Venter and Swanepoel, 2010); RVF (Grobbelaar et al., 2011); CCHF (Burt and Swanepoel, 

2005) but limited data is available on the less common African arboviruses and even less on 

these viruses in Kenya. Most of these studies have used specific Sanger sequencing. Next 

generation sequencing have been used to describe  arboviruses such as DEN and NDU in 

Africa (Bishop-Lilly et al., 2010, Masembe et al., 2012) and for virus discovery for example 

the detection of Ebola virus as the causative agent of hemorrhagic fever in an outbreak in 

Uganda (Towner et al., 2008).  

 

The development of the next generation sequencing (NGS) is a very important milestone in 

the discovery of new arboviruses that may be of significant value to public health and also 
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generation of the entire genomes within a short span of time with high specificity and 

sensitivity (Ronaghi, 2001, Schuster, 2008). Examples of NGS platforms include: Genome 

Sequencer FLX 454 (GSFLX 454; Roche Life Science, Germany), Solexa (Illumina, USA), 

and SOLID (Applied Biosystem, USA). These platforms provide high genome coverage and 

smaller reads compared to the Sanger-based sequencers (Sanger et al., 1977). In order to 

circumvent the highlighted challenges of the current convectional tools, NGS analyses is 

important to unravel the identity of new variants/agents in addition to providing a complete 

sequence of nucleotides which will aid in locating regulatory and gene sequences, making 

comparisons between homologous genes across species and identifying mutations that may 

exist amongst arboviruses.  

 

454 sequencing was the first next generation sequencing platform  to be successfully 

applied in research. 454 sequencing entails the use of pyrosequencing technology that relies 

on the detection of pyrophosphate released during nucleotide incorporation. This technique 

involves denaturisation of the DNA library together with the with 454-specific adaptors into 

single strand which are then captured by amplification beads followed by emulsion PCR.  

Each of the dinucleotide triphosphates palced on a picotitre plate will attach on to their 

respective complementary bases on the template. This reaction is facilitated by ATP 

sulfurylase, luciferase, luciferin, DNA polymerase, and adenosine 5 phosphosulfate (APS) 

which release pyrophosphate (PPi) that is proportional to the amount of nucleotide 

incorporated in the reaction (Balzer et al., 2010). The ATP transformed from PPi converts  

luciferin into oxyluciferin and generates visible light.  454 sequencing is of great advantage 

since it is very fast in terms of speed and generates a read length of up to 700 bp with an 

accuracy rate 99.9% after filter and output 0.7G data per run within 24 hours. One of the 

major shortcomings of this technique is the high error rate in terms of poly-bases longer than 

6 bp and the high cost involved (approximately $12.56 × 10−6 per base) (Liu et al., 2012). 
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This study sought to investigate arbovirus genetic diversity by sequencing isolates obtained 

from ticks sampled from livestock and wildlife in North Eastern Kenya using the GSFLX 454 

sequencing method to detect variation and potential recombination.  
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4.2 Materials and Methods 

 

4.2.1 Tick Collection and Transport 

 

As described in 3.2.4. 

 

4.2.2 Tick Processing and Identification 

 

As described in 3.2.5.  

 

4.2.3 Virus Isolation 

 

As described in 3.2.6. 

 

4.2.4 RNA Sample Preparation for 454 Sequencing 

 

CPE positive tissue culture isolates from tick homogenates were filtered through a 0.22 μm 

filter, followed by RNA extraction using TRIzol reagent (Invitrogen). RNA was amplified using 

the modified random priming mediated sequence independent single primer amplification 

(RP-SISPA) methodology (Djikeng et al., 2008)
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4.2.5 454 Sequencing 

 

Each amplified sample was further processed as described for shotgun library preparation in 

GS FLX 454 technology. GS FLX 454 sequencing was performed at the International 

Livestock Research Institute (ILRI), Nairobi, Kenya. The sequencing reads were trimmed to 

remove SISPA primers and barcodes and only reads with a length greater than 50 bp were 

retained (Djikeng et al., 2008). Low complexity repeats were masked using Repeatmasker 

(Repeat-Masker Open-3.0.1996-2010 http://www.repeatmasker.org) and sequences with 

more than 50% repeats were excluded. The sequences in each pool were assembled using 

the Newbler assembler version 2.5.3 with default settings (Roche. Genome Sequencer FLX 

Data Analysis Software Manual. Mannheim, Germany: Roche Applied Science, 2007). 

Contiguous sequences and reads which did not assemble into contigs were categorized 

using BLASTN and BLASTX homology searches against the non-redundant nucleotide and 

amino acid databases from NCBI (version June 2011). Taxonomic classification of each 

contig/read was investigated using MEGAN 4.0 (Huson et al., 2007). 

    

4.2.6 RNA Extraction, RT-PCR for Sanger Sequencing 

 

As described in 3.2.7. 

 

4.2.7 Sanger Sequencing, Analysis and Phylogeny 

 

A total of 26 amplicons were sequenced by both Sanger and 454 that is; 10 BUNV, 2 DUGV, 

2 NDUV, 9 SFV, 1 THOV and 2 WNV. Purified RT-PCR amplicons were sequenced in an 

automated ABI 3500 series Genetic Analyzer (Applied Biosystems) using the ABI Big Dye 

Terminator v3.1 cycle sequencing kit (Applied Biosystems) according to the manufacturers’ 

instructions. Sequencing primers included one forward and one reverse of the same primers 
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used for RT-PCR amplification (Table 6). Nucleotide sequences generated were assembled 

into contigs using DNA baser v3.5 (HB, 2012) and identified by Basic Local Alignment 

Search Tool (BLAST, www.ncbi.nlm.nih.gov/blast) search against Gen bank databases. 

Comparison of nucleotide and deduced amino acid sequences with reference strains and 

previously characterized viruses was conducted using Fasta algorithm (Pearson and 

Lipman, 1988) applying default parameters. Multiple sequence alignments were performed 

using Muscle v3.8 (Edgar, 2004b, Edgar, 2004a). Phylogenetic analyses were done using 

MrBayes v3.1 (Ronquist and Huelsenbeck, 2003) and MEGA5 (Tamura et al., 2011).  

 

4.2.8 Ethical Considerations 

 

Approval to carry out the study was obtained from KEMRI National ERC. SSC protocol 

number 2050   and University of Pretoria Research Ethics Committee, protocol number 

61/2012. 

 

4.3 Results 

 

4.3.1 Virus Isolates 

 

BUN, NDU, SF, WN and THO viruses could be sequenced using both 454 and Sanger 

sequencing methods, while DUGV could only be sequenced using Sanger sequencing only. 

A single isolate was attempted with 454 sequencing of each virus genus due to the cost of 

this technique while all PCR positive strains was attempted with Sanger sequencing (Table 

15). 
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Table 15. List of virus isolates, identification numbers and sequencing method used 

   

Virus isolates Identification number Sequencing method

Bunyamwera ATH002298 Sanger

ATH001860 Sanger

ATH002318 Sanger

ATH002016 Sanger

ATH002274 Sanger

ATH000652 Sanger

ATH001182 Sanger

ATH001136 Sanger

ATH002346 Sanger

ATH002166 454

Dugbe ATH003026 Sanger

ATH003040 Sanger

Ndumu ATH002166 Sanger and 454

ATH002274 Sanger

Semliki forest ATH000756 Sanger

ATH002442 Sanger

ATH000092 Sanger

ATH001868 Sanger

ATH001866 Sanger

ATH002286 Sanger

ATH002258 Sanger

ATH002276 Sanger

ATH000510 454

Thogoto ATH000258 454

West Nile ATH002166 Sanger 

ATH002316 Sanger and 454  
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4.3.2 Genetic and Phylogenetic Grouping of Sequence Data   

 

4.3.2.1 Alphaviruses (Semliki forest and Ndumu) 

 

Ten isolates were subjected to Sanger sequencing of the SFV nonstructural protein gene 

(RdRp nsP4) region position 6812 to 6945 and 6775 to 6911 for NDUV 26S junction region 

used for identification and confirmed to be SF and NDU viruses (Figure 10 and 11). One 

isolate of each virus was subjected to 454 sequencing using random/shotgun sequencing to 

attempt full genome sequencing and  a region of 7334 nucleotides of the non-structural 

protein gene (nsP1-4) was obtained for SFV while the 26S junction region of 407 nucleotides 

was obtained for NDUV (Figure 12 and 13). 

 

Alignments with reference strain identified twelve amino acid substitutions with the Kenyan 

(ATH002166) NDU 26S junction region (Table 17) Appendix E. The Kenyan NDUV isolate 

(ATH002166) was found to be 98% identical to the reference strain (NC_016959) based on 

nucleotide sequences. Phylogenetic analysis of the NDUV isolate (ATH002166) together 

with USA (NC_016959, HM147989 and AF398375), South Africa (AF339487 and 

EU498008), Germany (U94600 and AF023281) and Uganda (JN989958 and JN989957) 

demonstrated that the Kenyan Isolate clusters closely with the Ugandan (JN989958) and 

South African (EU498008) strains (Figure 13). A total of thirty nine amino acid substitutions 

were identified between the Kenyan SFV isolate (ATH000510) obtained in this study and the 

reference strain (NC_003215) (Table 16) Appendix E.  Isolate ATH000510 had similar amino 

acid pattern in comparison to a SFV strain (AMH001859) isolated in 2009 in Kenya.  This 

isolate was 99% identical to the Kenyan strain (AMH001859) and 44% identical to the 

reference strain (NC_003215) based on amino acid sequence of the non-structural protein 

gene region (nsP1-4). Phylogenetic analysis reveals that this isolate clustered closely to the 

Kenyan isolates (JF972635 and HQ848388) (Figure 12).  
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Figure 10. Phylogenetic relationship between Kenyan SFV isolates and other Alphaviruses identified in this study based on partial nucleotide 
sequences of SFV nonstructural protein gene (RdRp nsP4) region position 6812 to 6945. The tree was generated by MEGA5 (Tamura et al., 
2011) using the using the Maximum Likelihood method based on the Tamura-Nei model (Tamura and Nei, 1993). The values on the branches 
indicate bootstrap values. The blue right braces represent SFV study and virus isolates.  
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Figure 11. Phylogenetic relationship between Kenyan NDUV isolates and other Alphaviruses identified in this study based on partial 6775 to 
6911 for NDUV 26S junction region. The tree was generated by MEGA5 (Tamura et al., 2011) using the using the Maximum Likelihood method 
based on the Tamura-Nei model (Tamura and Nei, 1993). The values on the branches indicate bootstrap values. The blue right braces 
represent NDUV study and virus isolates. 
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Figure 12. Phylogenetic relationship between Kenyan SFV isolate and other SFV strains identified this study based on nucleotide sequences of 
a gene fragment (7334bp) of the genome that encodes the non-structural proteins (nsP1–4). The tree was generated by MrBayes software 
using the generalized time-reversible (GTR) model. The values on the branches indicate posterior probability values. The arrow indicates the 
SFV isolate sequenced in this study.  
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Figure 13. Phylogeny of Kenyan NDUV isolate and other NDUV identified in this study based on nucleotide sequences of gene fragment 
(408bp) position 6775 to 7182 that encodes the 26S junction. The tree was generated by MrBayes software using the generalized time-
reversible (GTR) model. The values on the branches indicate posterior probability values. The arrow indicates the NDUV isolate sequenced in 
this study.  
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4.3.2.2 Orthobunyavirus (Bunyamwera) 

 

Nine isolates were subjected to Sanger sequencing of the N and the NSs gene regions 

(position 113 to 363) used for identification and confirmed to be BUNV (Figure 14). BUNV 

isolate (ATH002166) was sequenced by 454 to attempt full genome sequencing but only 351 

nucleotides of the  M protein gene  (position 1165 to 1516) was obtained (Figure 15).  

 

Partial N and the NSs gene sequences of BUNV isolates were also analyzed by comparing 

them with those of BUNV reference strain (NC_001927) and representative Orthobunyavirus 

strains belonging to California, Simbu and BUN serogroups (Gen bank accession nos: 

AM711130, AM709778, JF961342, EU879062, AY593727, EU564831, M28380, EU564828, 

U47138, X73464, AM709780, AF362395, AB000819, U12800). Sequence analysis showed 

that the Kenyan BUNV isolates were similar to the reference strain (99.6% based on 

nucleotide sequences; and 98.8% based on amino acid sequences) and members of BUN 

serogroup used in the study (91.6-99.6%, based on nucleotide sequences; and 94.0-98.8% 

based on amino acid sequences). The Kenyan isolates were (57.1-59.9%, based on 

nucleotide sequences; and 57.6-64.4%, based on amino acid sequences) similar to viruses 

of California serogroup and (54.1-58%, based on nucleotide sequences; and 49.4-53.4% 

based on amino acid sequences) similar to viruses of Simbu serogroup. Phylogenetic 

analysis based on nucleotide sequences showed Kenyan viruses clustered distinctively on a 

branch comprising of viruses of BUN serogroup (Figure 14).  

 

A single amino acid substitution of Serine (S) to Leucine (L) at position 44 was observed 

after alignment of the partial N and the NSs gene sequences of the Kenyan isolates 

(ATH002298, ATH001860, ATH002318, ATH002016, ATH002274, ATH000652, 

ATH001182, ATH001136, ATH002346) with the reference strain (NC_001927) (Table 18). A 

total of 6 amino acid substitutions from; Asparagine (N) to Serine (S) at position 65, Arginine 
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(R)to Lysine (K) at 68, Lysine (K) to Methionine (M) at 111, Cysteine (C) to Arginine (R) at 

113, Aspartic acid (D) to Glycine (G) at 115 and Aspartic acid (D) to Histidine (H) at 117 

were identified after alignment of the M protein gene amino acid sequences of the Kenyan 

isolate (ATH002166) and the reference strain (NC_001926) (Table 19) Appendix E. Isolate 

ATH002166 was 93% identical to the reference strain (NC_001926). Phylogenetic analysis 

of the M protein gene of the BUNV (ATH002166) isolate together with other strains 

(KC512388, KC512387, KC512386, M11852, NC_001926 and JF961341) indicated that this 

virus clustered closely with the Kenyan (JF961341) strain (Figure 15). 
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Figure 14. Phylogeny of N and the NSs gene nucleotide sequences (Partial) of BUNV strains identified in Kenya and other selected viruses of 
the genus Orthobunyavirus used in this study. The values on the branches indicate posterior probability values. The tree was generated by 
MrBayes software using the GTR model. Region sequenced nucleotide position 113 to 363. The arrow indicates the BUNV isolates sequenced 
in this study.  
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Figure 15. Phylogeny of M polyprotein gene (Partial NSm and Gc) nucleotide sequences of the BUNV strain identified in Kenya and other 
BUNV strains used in this study. The value on the branches indicate posterior probability values. The tree was generated by MrBayes software 
using the GTR model. Region sequenced nucleotide position 1165 to 1516. The arrow indicates the BUNV isolate sequenced in this study.  
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4.3.2.3 Flavivirus (West Nile) 

 

Two isolates were subjected to Sanger sequencing of the non-structural protein 5 (NS5) 

gene region (position 9254 to 9609) used for identification and confirmed to be WNV (Figure 

16). Burt et al. conducted a phylogenetic study on 29 Southern African WNV isolates 

together with 23 WNV, Kunjin and Japanese Encephalitis viruses obtained from Gen Bank. 

The results indicated that all Southern African isolates belonged to only one of the two major 

WNV Lineages (1 and 2). Lineage 1 isolates were distributed to Central and North Africa, 

Europe, Israel and North America whereas Lineage 2 to Central, Southern Africa and 

Madagascar.  

 

The partial sequences of non-structural protein 5 (NS5) gene of WNV isolates were also 

compared with other previously characterized WNV strains belonging to lineages 1a, 1b, 2 

and putative lineages 3, 4 and 5 available in Gen bank (EF429199, DQ786572, AY688948, 

DQ318019, AY277252, JX556213, DQ116961, AY765264, D00246, AY701413, AB185917, 

AY262283, DQ256376, AY277251) as identified in Africa, Europe, Asia, Australia and 

America (Papa et al. 2010). Sequence analysis showed that the Kenyan WNV isolates were 

highly similar in the NS5 region (97.2-100%, based on nucleotide sequences; and 100% 

based on amino acid sequences) to previously characterized viruses belonging to lineage 1 

clade a. Multiple sequence alignment of deduced amino acids showed that the non-

structural protein 5 (NS5) gene in the Kenyan isolates was highly conserved relative to the 

reference strains. Phylogenetic analysis based on nucleotide sequences showed that 

Kenyan WNV strains though genetically distinct clustered relatively close with the viruses 

isolated in Russia, Europe and the United States, belonging to lineage 1 clade a (Figure 16).  

 

One isolate was subjected to 454 sequencing using random/shotgun sequencing to attempt 

full genome sequencing. Ninety nine percent (99%) of the WNV genome was obtained by 
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454 sequencing. WNV genome position 4 to 10,867 corresponding to polyprotein which 

consist of both structural (C, E and M) and non-structural (1, 2A, 2B, 3, 4A, 4B and 5) 

proteins and amino acid position 1-3434 was obtained (Figure 17).   

 

The WNV genome sequence (ATH002316) that was identified via 454 sequencing was 

compared with those of the reference strains obtained from Africa, Australia, Asia, USA and 

Europe (Figure 17). Sequence analysis revealed thirty one amino acid substitutions between 

the Kenyan WNV (ATH002316) isolate and the reference strain (NC_009942.1) from the 

USA (Table 20) Appendix E.  

 

The Kenyan WNV (ATH002316) isolate was 99% identical to the reference strain (NY99) 

based on nucleotide sequence of WNV genome sequence that corresponds to the same 

region of the WNV structural (C, E and M) and non-structural (1, 2A, 2B, 3, 4A, 4B and 5) 

proteins sequenced in this study. It was observed that the Kenyan tick isolate (ATH002316) 

clustered with WNV lineage 1 strains,NY99 from USA isolated from New York in 1999  and 

used a reference strain in this study (Figure 17). 
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Figure 16. Phylogenetic tree based on partial non-structural protein 5 (NS5) nucleotide sequences of WNV strains identified in Kenya and 
selected previously characterized WNV strains demonstrating genetic relatedness. The tree was generated by MrBayes software using the 
GTR model. The values on the branches indicate posterior probability values. Regions sequenced; positions 9254 to 9609. The arrow indicates 
the WNV isolates sequenced in this study.  
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Figure 17. Phylogenetic tree based on nucleotide sequences position 4 to 10,867 that corresponds to the structural (C, E and M) and non-
structural (1, 2A, 2B, 3, 4A, 4B and 5) proteins of WNV strain identified in Kenya and selected previously characterized WNV strains 
demonstrating genetic relatedness. The tree was generated by MrBayes software using the GTR model. The values on the branches indicate 
posterior probability values. The Kenyan tick-borne WNV (marked with a blue arrow) segregated into a cluster of Lineage 1 viruses along with 
previously isolated Kenyan mosquito-borne WNV in the cluster highlighted in Blue.  

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



119 

 

4.3.2.4 Nairovirus (Dugbe)  
 

Two isolates (ATH003026 and ATH003040) were subjected to Sanger sequencing of the L 

protein gene region (position 32 to 179) used for identification and confirmed to be DUGV 

(Figure 18).  

 

Partial sequences of the L protein gene of DUGV isolated in the study were compared with 

those of reference strain (NC_004159) and other previously characterized Nairoviruses 

available in Gen bank (NC_004159, U15018, EU697949, HM991306, EU697951, DQ076419, 

NC_005301, HQ378183, JN572092, JF911697, EU257628). Sequence analysis showed that 

the Kenyan isolates were 97.3%, based on nucleotide sequences; and 98%, based on amino 

acid sequences, similar to each other. Kenyan DUGV isolates were 92.6-93.9%, based on 

nucleotide sequences and 98-100% based on amino acid sequences and 57.1-83.1%, based on 

nucleotide sequences; and 82.6-98%, based on amino acid sequences, similar to the reference 

strain and other Nairoviruses such as CCHFV, NSDV, Hazara, Kupe and Erve used in the study 

respectively. Phylogenetic analysis based on nucleotide sequences showed slight divergence of 

Kenyan DUGV isolates to the reference strain (Figure 18). 

 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



120 

 

 

Figure 18. Phylogenetic tree of partial nucleotide sequences of L protein gene of Dugbe virus (DUGV) L segment strains identified in Kenya 
and other Nairoviruses used in this study. The tree was generated by MrBayes software using the GTR model. The values on the branches 
indicate posterior probability values. The arrow indicates the Dugbe viruses sequenced in this study. Region sequenced; position 32 to 179.
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4.3.2.4 Thogotovirus (Thogoto) 

 

 

A single isolate (ATH000258) was subjected to 454 sequencing using 

random/shotgun sequencing to attempt full genome sequencing. Only partial 

sequences of genomic RNA for nucleoprotein gene region (position 1 to 174) of 

THOV was obtained (Figure 19). The sequences of the Kenyan THOV isolate 

(ATH000258) were analyzed alongside Thogoto, Jos, Dhori, and Influenza virus 

reference strains (NC_006507.1, X96872.1, HM627173.1, HM627173.1, 

GU969311.1, AF242181.1, EU794576.1, JX497769.1 and JX497777.1). A total of 

two amino acid substitutions were observed to occur between reference strain 

(NC_006507. 1) and the Kenyan isolate that is; from Threonine (T) to Serine (S) at 

position 3 and from Aspartic acid (D) to Glutamic acid (E) at position 19 (Table 21 

) Appendix E. The Kenyan THOV (ATH000258) isolate was 90% identical to the 

reference strain (NC_006507.1) based on amino acid sequence of the genomic RNA 

for nucleoprotein gene region. The Kenyan isolate clustered closely to THOV isolates 

obtained from Germany and USA on the phylogenetic tree (Figure 19). 
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Figure 19. Phylogenetic tree of partial nucleotide sequences of nucleoprotein gene (position 1 to 174) of THOV isolated in Kenya, other THOV 
and Influenza virus strains. The tree was generated by MEGA5 (Tamura et al., 2011) using the using the Maximum Likelihood method based 
on the Tamura-Nei model (Tamura and Nei, 1993). The values on the branches indicate bootstrap values. The blue arrow indicates the THOV 
isolate sequenced in this study and the blue right braces represent THOV and Influenza virus isolates. 
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4.4 Discussion 

 

PCR products identity from strains identified in Chapter 3 were confimed by both Sanger and 

454 sequencing. Sanger sequencing technique is the most widely used technique for small-

scale projects and for sequening long contiguous sequences DNA sequence reads greater than 

500 nucleotides. It requires a forward primer that extends in the direction of the reverse primer 

and vice versa until the sequencing is complete. However, Sanger method has been supplanted 

by next generation sequencing platforms such as the Roche 454, Illumina Genome Analyzer 

(GA) and Applied Biosystems (ABI) SOLiD which are applied in large scale projects and 

automated genome analysis. These high throughput platforms generate more sequence data at 

a faster rate compared to Sanger sequencing. They can be used to analyze complex genome 

data, sequence mRNA, copy number variants and single nucleotide polymorphisms (SNPs) 

(Kircher and Kelso, 2010). Sanger sequencing is however still the best way of generating short 

specific sequencing reads for confirmation of identity of PCR products and phylogenetic 

analysis of specific genes.  

 

In this study Sanger sequencing was used to confirm all sequences and next generation 

sequencing was performed to attempt identify different regions of the genome and only a full 

genome of WNV was obtained. Tick homogenates that showed reproducible cytopathic effect 

on vero cells were sequenced using 454 and Sanger sequencing. BUNV, NDUV, SFV, THOV 

and WNV sequences were obtained by both 454 sequencing and Sanger sequencing whereas 

DUGV could only be sequenced by the later sequencing technique although only WNV’s near 

full genome could be obtain. 454 sequencing involves; a random process that has no control of 

the region to be sequenced and the sequences generated overlap many regions. The 

identification of DUGV using only Sanger sequencing might be due to the fact too much 
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background was permitted and not deep enough sequencing achieved for validation of 

sequence data more so DUGV specific primers were used unlike in 454 sequencing where 

degenerate primers are used (Kircher and Kelso, 2010) 

 

SFV isolate (ATH00510) sequence obtained by 454 sequencing, clustered closely to the 

Kenyan strains (HQ848388 and JF972635) isolated from mosquitoes sampled in North Eastern 

Province of Kenya. However this isolate was highly divergent from the SFV strains isolated from 

USA and Ireland. The similarity of the Kenyan SFV strains maybe attributed to the fact that 

these isolates were identified in vectors originating from the same geographical region whereas 

the differences observed between the Kenyan SFV and the USA and Ireland strains were due to 

their diverse geographical origins. One significant finding of this study was the similar pattern of 

amino acid substitution amongst the Kenyan strains (Appendix E). Although there is no literature 

pointing towards significance of these amino acid changes, there is a possibility that they may 

lead to increased virulence of SFV circulating in Kenya specifically Ijara district due to 

recombinations that have been shown to occur in most Alphaviruses. Further more since the 

vector species involved in the transmission of Kenyan, USA and Ireland are different, this study 

suggests the role of ticks other than mosquitoes (which are the know vectors of SFV) in this 

virus transmission. According to literature arboviruses under Togaviridae family are not known 

to be transmitted by tick vectors except for rare cases like SINV. The non-structural protein 

gene of the SFV was sequenced by 454 sequencing.  Non-structural proteins are mainly found 

in virus infected cells and do not play a role in virion maturation. These proteins play a part in 

the formation of viral structural components of a cell. Although paucity of data exists on these 

proteins, few studies have demonstrated that these proteins play a vital role in virus replication 

that is; molecular folding, intracellular sorting and transport, genome packaging, capsid 

assembly, virus release and control of cellular responses to infection (Kohl et al., 2003). Non-
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structural proteins are also involved in the establishment and maintenance of virus infection in 

animal host cells thereby contributing towards viral pathogenesis (Blaney et al., 2003). The 

genes coding for the non-structural proteins are conserved and therefore useful for virus 

survival and antiviral therapy (Owens et al., 2004).  

 

NDUV (ATH002166) was similar to the Ugandan strain (JN989958) but different from the USA 

(HM147989 and NC_016959), Germany (U94600 and AF023281) and South African (AF339487 

and EU498008) strains. Kenya is close to Uganda geographically and there is a possibility of 

NDUV circulating between these countries through animal hosts such as domestic pigs, cattle 

and warthogs, which interact with the inhabitants of these two countries. NDUV 26 S junction 

region was sequenced in this study. This region plays a role in RNA synthesis of Alphaviruses 

(Hertz and Huang, 1992).   

 

BUNV (ATH002166) sequenced by 454 clustered was similar to the Kenyan strain (JF961341) 

but divergent from the USA strains (NC001926 and M11852).  All the BUNV isolates obtained 

from this study, clustered closely with viruses belonging to the BUN serogroup. The M protein 

gene and the nucleocapsid gene were obtained in this study. The nucleocapsid protein 

surrounds and protects the S, M and L segment of Bunyaviruses. The nucleocapsid gene is 

encoded by the S segment and its main function is to encapsidate the viral RNA-replication 

products to form the ribonucleoprotein (RNP) complex of all Bunyaviruses whereas the M 

protein gene is involved in viral attachment and entry (Walter and Barr, 2011).  

 

WNV (ATH002316) obtained in this study was shown to belong to lineage 1. This virus formed a 

cluster with viruses belonging to WNV lineage 1 isolated from Kenya (AF146082), USA 

(NC_009942), Tajikistan (JX070655) and Australia (JX123030 and JX123031). This was the 
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only virus for which a near full genome (99%) could be obtained with 454 sequencing. Though 

WNV lineage 1 isolation from mosquitoes has been reported in Kenya (Miller et al., 2000), this 

study constitutes the first report of WNV lineage 1 isolation from ticks sampled from diverse 

animals hosts within Ijara District, Kenya and the world at large. It is plausible that wild migratory 

birds may have dispersed this lineage among these continents through tick vectors that might 

have attached to them though, evidence of Rh. pulchellus infesting birds is lacking.  Both highly 

and less neuroinvasive strains have been shown to exist in both lineage 1 and 2 (Venter and 

Swanepoel, 2010). Experimental or clinical data on the neurovirulence of lineage 1 strains from 

Kenya is not yet available and investigation of WNV as a cause of neurological disease in 

humans and animals in Kenya is warranted. 

 

The Kenyan WNV tick-borne isolate showed similar amino acid substitutions commonly 

observed in other strains belonging to lineage 1 isolated from ticks and other vectors from 

different locations worldwide. These results resonate well with previous studies that have 

attempted to elucidate genetic markers for the virulence and pathogenicity of different lineages 

of the WNV strains. The identification of WNV Lineage 1 in Ijara District may elucidate the 

possible geographic range between lineage 1 and 2 strains in Africa. Lineage 2 strains have 

been described as far North as Tanzania and is almost exclusively found in South Africa (Venter 

et al., 2009) while lineage 1 strains are the majority of strains reported in America, India and the 

Middle East. The close vicinity of Europe to Africa may be the reason that both lineages have 

emerged in European and tick vectors could be a possible mechanism. 

 

DUGV (ATH003026 and ATH003040) large (L) protein gene was obtained via Sanger 

sequencing. The two DUGV detected in this study, were highly similar to each other and formed 

a cluster with the United Kingdom strains (NC_004159 and U15018).  Few amino acid 
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substitutions were seen in the two isolates because the L protein is a highly conserved region 

relative to other Bunyaviruses, vectors and hosts. 

 

The THOV strain (ATH000258) identified in this study was compared with other Thogoto virus 

strains and was found to be divergent from the Senegal (AF168988), Germany (X96872) and 

USA (NC006507). The THOV strains were also compared to some Influenza strains obtained 

from Italy (AJ584648), Vietnam (AJ715873) and Turkey (AJ867076) since both virus belong to 

the same family; Orthomyxoviridae. The nucleoprotein (NP) is the most important structural 

protein that is involved in the assembly of the RNA segments of viruses within the 

Orthomyxoviridae family into nucleocapsids that protect the nucleus. Viruses within this family 

can be differentiated using this protein which also serves as the main type-specific antigen 

(Lamb, 1989). Though NP sequences have been applied in the evolution of influenza viruses, 

this has not been done with THOV (Webster et al., 1992). Few amino acid substitutions were 

detected in all isolates obtained by Sanger sequencing since the regions that were sequenced 

are known to be conserved. The Kenyan isolate clustered closely to THOV isolates analyzed in 

the study.  

 

454 sequencing was able to generate large genome fragments for viruses such as WN and SF. 

Part of BUNV M segment genome, which is known to be highly variable, was obtained. Though 

NGS provide more detailed sequence information, genome assembly is a challenge since it 

entails the analysis of similarity between two reads that generate a given scaffold sequence. 

Furthermore, these techniques require expertise and high financial resources to process and 

mine the generated sequence data (Hernandez et al., 2008, Nijkamp et al., 2010). This study 

experienced some shortfalls in that there was inconsistency in the number of reads obtained in 

the study. Some isolates such as THOV had very short sequences. Since this is a shotgun 
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technique that involves a random process, some viruses such as DUGV were not detected. 

Therefore 454 sequencing should be validated in order to increase the specificity and sensitivity 

of the method if used as routine confirmatory technique.  Deeper sequencing is needed for full 

genomes  

 

Genetic diversity of arboviruses is known to be influenced by abiotic (climate) and biotic (vectors 

and hosts) factors. Climate change plays a major role in the distribution, life cycle, dispersal, 

transmission efficiency and evolution of arboviruses and their potential vectors (Gould and 

Higgs, 2009).  Viruses such as BUNV, SFV, WNV, NDUV obtained from this study clustered 

relatively close to their respective reference strains obtained from Kenya compared to other 

reference strains obtained from other geographical regions. These viruses have a wide 

geographic distribution and have the potential to spread across continents and in diverse 

species and hosts for example WNV is known to be primarily transmitted by mosquitoes in 

many countries but in this case it has been detected in ticks sampled from diverse animal hosts 

in Kenya. It is therefore clear that differences in geography, vectors and hosts can have an 

effect on the genetic diversity of arboviruses. Therefore knowledge on the genetic and 

phylogenetic characteristics of these viruses is vital for the investigation of the history of host 

range shifts in arboviruses to comprehend disease transmission and pathogenesis, and to 

understand the biology of vectors and their role in transmission in Ijara District and beyond.  
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Chapter 5 
 

 

Concluding Remarks 

 

Arboviruses are transmitted by hematophagous arthropods such as: mosquitoes, ticks, midges 

and sandflies (Ochieng et al., 2013). Most arboviruses are relevant to human and veterinary 

medicine since they threaten the health of human and animals (Donald et al., 2012). 

Approximately 50% of arbovirus isolations are from mosquitoes and 25% from ticks 

(Karabatsos, 1985, Sang et al., 2006). This difference might be due to sampling bias as more 

mosquitoes are sampled than ticks although the vector distribution and potential of human 

contact also affects their impact on human health.   

 

Tick-borne viruses have a significant impact on both human and animal health worldwide 

(Sonenshine and Mather, 1994). Tick-borne viruses infect humans and animals through the bite 

of infected ticks during opportunistic feeding. They are responsible for some of the most serious 

emerging and re-emerging infectious diseases facing the world today that occur more frequently 

in epidemic form (Sang et al., 2006). Their ability to replicate in diverse hosts (arthropod 

vectors, animals and humans) offers distinct survival benefits for these viruses enabling them to 

easily invade new ecological zones, creating new variants through recombination and 

reassortment which have led to new category of pathogens (Weaver and Reisen, 2010).  

 

Ijara District, an arid to semi-arid region in northern Kenya, is home to a pastoralist community 

for whom livestock keeping is a way of life. Part of Ijara District lies within the boundaries of a 

Kenya Wildlife Service protected conservation area. Arbovirus activity among mosquitoes, 

animals and humans is reported in the region, mainly because prevailing conditions necessitate 
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that people continuously move their animals in search of pasture. Whereas arbovirus studies 

have been carried out in North Eastern Province of Kenya, most have focused on mosquito-

borne viruses such as: DN, RVF, WN, NDU and Sindbis (LaBeaud et al., 2011). CCHFV a tick-

borne pathogen that causes severe hemorrhagic fever has been isolated from hyalommid ticks 

sampled from cattle within this region (Sang et al., 2006, Sang et al., 2011). According to a 

seroprevalence study carried on patients’ attending health facilities (Sangailu dispensary and 

Ijara health centre) within Ijara District, a single case was found to be anti-CCHFV IgM positive 

whereas 19% out of the 517 patients’ screened were anti-CCHFV IgG indicating the possibility 

of the presence acute cases and circulation of CCHFV in the region. Despite the fact that 

isolation of CCHFV has been carried out in this region, paucity of data exists on other tick-borne 

viruses. The actual prevalence of tick-borne viruses remains unknown. Furthermore, molecular 

studies on tick-borne viruses have not been conducted. Little attention has been given to tick-

borne viruses such as CCHFV, (which is especially common in East and South Africa).  Severe 

infections have been described in humans in the DRC, Senegal, Mauritania, South Africa and 

Kenya (Grard et al., 2011, Nabeth et al., 2004, Dunster et al., 2002, Fisher-Hoch et al., 1992). 

Therefore, Chapters 2 and 3 aimed at determining the level of human exposure to CCHFV and 

gaining an in-depth understanding of the circulation, transmission and diversity of tick-borne 

viruses in the region. The objectives of Chapter 3 and 4 were to determine the prevalence of 

tick-borne viruses among tick vectors and genetic diversity of the tick-borne viruses circulating 

among ticks and/or their host animals.  

 

Chapter 2 describes the prevalence of CCHFantibodies in humans that attend health facilities in 

Ijara District, North Eastern Province of Kenya.  A total of 517 human serum samples were 

collected from patients presenting with febrile illness at Sangailu dispensary and Ijara health 

centre within Ijara District. The samples were screened for the presence of IgM and IgG 
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antibodies to CCHF using CCHF-IgG and IgM ELISA test kits, Vector-Best, Novosibirsk, 

Russia). The VectoCrimean-CHF-IgG and IgM ELISA test kit is highly sensitive and specific 

since it was able to detect a single case of anti-CCHF IgM and 96 cases of anti-CCHF IgG out 

of the 517 patients screened. Socio-demographic data was collected using questionnaires from 

the sampled patients. Exposure to CCHFV was detected in 19% of the patients. Most exposed 

persons were aged 40-49 years. The likelihood of exposure was highest among farmers. Age, 

location and contact with donkeys were significantly associated with exposure to CCHFV. Acute 

CCHFV infections could be occurring without being detected in this population. This study 

confirms human exposure to CCHF virus in Ijara District, Kenya and identifies several significant 

risk factors associated with exposure to CCHFV. 

 

Chapter 3 describes the isolation of viruses from ticks sampled from livestock and wild hosts in 

Ijara District. Ticks sampled from diverse animal hosts were analyzed using culture and 

molecular assays for the presence of tick-borne viruses. Tick-borne viruses such as THOV and 

DUGV were detected which have previously been identified in ticks. Thogoto virus has been 

associated with abortions in sheep (Davies, 1997b) whereas DUGV is of veterinary importance 

in that it affects livestock especially cattle and also causes thrombocytopenia in humans (Boyd 

et al., 2006).  According to the findings of a study carried out by Sang et al. 2006 on arbovirus 

surveillance on market livestock in Nairobi Kenya, DUGV had a prevalence of 46.42% whereas 

THOV had 10.71% prevalence in animal sera. DUGV which belongs to the same family and 

genus (Bunyaviridae, Nairovirus) as CCHFV was isolated from ticks sampled from livestock and 

wildlife in Ijara District.  Although antibodies against CCHFV were detected in human sera 

sampled from patients’ in Ijara District, this virus was not detected in the ticks. Sampling of sera 

from animals (both livestock and wildlife) might indicate whether the source of CCHFV 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



132 

 

transmission was via direct contact of humans with animals since this virus was not detected in 

ticks. 

 
The most significant finding in this chapter was the detection of viruses such as NDUV, SFV, 

WNV and BUNV, which are known to be essentially mosquito-borne, from ticks sampled from 

both wildlife and livestock hosts.  Mosquitos serve as competent vectors of arboviruses by their 

ability to acquire, transmit and infect susceptible hosts. For effective transmission to take place, 

the virus must be able to get away from the mosquito midgut, spread in other organs, replicate 

in the salivary glands and infect susceptible host through ingestion of a blood meal. However, 

mosquitoes are not spread easily across continents due to intrinsic and extrinsic factors that 

interfere with viral replication (Black et al., 2002). Infected ticks have been shown to have the 

potential of transmitting arboviruses such as CCHFV over long distances even across 

continents through their attachment on migratory birds and livestock movement (Labuda and 

Nuttall, 2004). This study also constitutes a previously unreported association of WNV with A. 

gemma and Rh. pulchellus ticks in North Eastern Province of Kenya. Vector competence 

studies are needed to determine the epidemiological link. 

 

Chapter 4 explains the investigation of arbovirus genetic diversity by Sanger and next 

generation sequencing of isolates obtained from ticks sampled from livestock and wildlife in 

North Eastern Kenya, pastoral eco-zone Ijara. Virus isolates (both tick and mosquito-borne) 

obtained in Chapter three were subjected to RT-PCR and sequencing performed. Sanger 

sequencing confirmed the identities of strains in conserved areas of the genome while next 

generation attempted amplification of larger regions of the genome. Nucleotide sequences 

generated were assembled into contiqs and identified by BLAST search against Gen bank 

databases. Comparison of nucleotide and deduced amino acid sequences with reference 

strains and previously characterized viruses was conducted using Fasta algorithm.  Multiple 
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sequence alignments and phylogenetic analyses were performed using MrBayes v3.1 since it 

allows convenient formulation of priors. The virus isolates obtained from this study clustered 

closely with their respective reference strains in exception of DUGV that showed slight distant 

relatedness to the reference strain.  The WNV strains isolated in this study clustered relatively 

close to viruses belonging to lineage 1 of WNV giving an indication on the split between lineage 

1 and 2 geographical ranges in Africa. This is the first finding of WNV lineage 1 in ticks isolated 

from diverse animal hosts in Kenya. Research has shown that lineage 1 is widely distributed 

and highly invasive in America, Europe, Middle East and Africa whereas lineage 2 is mainly 

found in sub-Saharan Africa (Kramer et al., 2008) although it recently emerged in Central 

Europe. The major shortcoming of this study was the short sequences generated by 454 

sequencing that yielded low sequence ouput which might have been caused by the RNA 

extraction method used. Therefore, an extraction method that could have enriched the virus and 

got rid of the host background could have improved my results 

 

Active surveillance of tick-borne viruses needs to be conducted in this region to predict 

outbreaks before they occur. Vector competent studies should be performed to ascertain the 

role of ticks and animal hosts in arbovirus transmission. Genetic studies should be carried out to 

understand the distribution of arbovirus across Africa and differences between isolates from 

different vectors/hosts. 

 

This study suggests that CCHF exposure occurs frequently in humans but that other 

arboviruses both mosquito and tick-borne occur more frequently in ticks and should be 

monitored for their contribution to human and animal disease in the region. The identified 

viruses are similar to previously identified members of their respective genus but unique to 
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Kenya suggesting geographical/vector sequence clustering. Next generation sequencing would 

also be useful for virus discovery and identification of the unknown isolates. 
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Appendixes 

 

Appendix A 

 

Informed Consent Agreement 

Request: I wish to request for your participation in the following research 

project: 

Project title: Tick-Borne Virus Prevalence and Diversity in Pastoral Eco-Zone of Ijara 

District, North Eastern Province of Kenya 

Study information: We are interested in finding out causes of illness in adults and children 

who have fever and/or malaria like illness. We want to use new methods that can detect any 

germs even those that are difficult to detect usually or have not been detected before. We want 

to draw a small amount of blood and test it in the lab to see if you have been exposed to germs 

that are carried by ticks. 

Expertise in the study: The study is being run by Olivia Wesula Lwande a PhD student in 

Medical  Virology  at  the  Department  of  Medical  Virology,  University  of  Pretoria  

(Student number:11346192), Dr. Rosemary Sang and a team of doctors and scientists from 

Kenya Medical  Research  Institute  (KEMRI),  Ministry  of  Public  Health  and  Sanitation  

(MPH&S), International Centre of Insect Physiology and Ecology (ICIPE), International 

Livestock Research Institute (ILRI) and Ministry of Livestock/Department of Veterinary Services  

(MOL/DVS). 

Participation:  Participation in this study is voluntary.  There is no penalty for refusing to 

participate. We will need only one sample from you but if need arises, we may come back 

to you to take a second sample to confirm our finding. If you start the study you (or your child) 

may discontinue your (or your child’s) participation at any time.  The principal investigators 
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and co- investigators from KEMRI and MOP&S may decide to withdraw you (or your child) 

from the study if we are unable to obtain a blood sample from you (or your child). 

Study procedure:  You will be asked some questions about where you live, your illness 

and any medications you may have taken recently.  Then about a tablespoon of blood will be 

taken from a vein in your arm.  The blood will be put into small tubes so we can test for 

germs that may be causing your illness. We will not test for Human Immunodeficiency Virus 

(HIV). 

Risks involved in the study: There is the possibility of mild discomfort, bruising and 

very rarely infection at the site where the blood is taken.  But, should you (or your child) be 

injured as a direct result  of participating in this research project, you (or your child) will 

be provided medical care, at no cost to you (or your child), for that injury.  You (or your child) 

will not receive any injury compensation, only medical care.  You (your child) should also 

understand that this is not a waiver or release of your (your child’s) legal rights.  If you wish, 

you should discuss this issue thoroughly with the principal investigator before you (your child) 

enroll in this study. 

Benefits from the study: The study can lead to a better understanding of the causes of 

acute febrile  illnesses  in  Kenya  and  improve  the  medical  care  in  Kenya  by improving  

detection methods and identifying some of the hidden germs that may be causing disease. The 

Ministry of Health  (MoH)  and  supporting  medical  community  can  benefit  from  the  

knowledge  of  the identification of new or emerging diseases as the cause of acute febrile 

illnesses so that they know how to care for you and others in the future.  Epidemics can be 

more readily identified, allowing the MoH to respond in a timely manner hence reducing the 

number of people who get affected. 

Compensation for being in the study: There is no compensation to volunteers for their 

participation. 
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Duration: This study requires only completion of a short questionnaire and one blood draw. 

There is no follow-up or further information needed.  The questionnaire and blood draw will 

take about 15 minutes. 

Study participants: Anyone can participate in the study if you have a fever without a 

source after evaluation by the clinician. If there is an obvious source of infection causing the 

fever, like an abscess or pneumonia, you need not (your child should not) participate. 

Confidentiality: Any information about you (your child’s) will remain confidential. Only the 

people involved in the study will be able to see your information. We will keep all files in 

locked cabinets when they are not in use, and all blood stored in locked freezers. Your (your 

child’s) name will not be used in any report resulting from this study.  Any report from this 

study will refer to you/your child only by a study identification number and not by a name. 

All blood samples collected will be labeled with a study identification number; no names will be 

used. Your (your child’s) blood will be tested for things that could cause fever.  Your blood will 

not be tested for HIV.  A sample of your blood will be kept frozen in case we want to do more 

testing on it in the future.  These samples will be labeled with only your study number. 

They will be secured in freezers at KEMRI, ILRI or ICIPE facilities and only study 

investigators and their authorized staff will have access. All safeguards ensuring privacy and 

confidentiality that are in place during this study period will also continue to be in place for 

the long-term storage of samples and if samples are sent outside of Kenya, no personal 

identifiers will be included. 

If we do need to use the stored blood in the future we will first get permission from 

the Kenya National Ethical Review Committee. 
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Study contact on information about the study or my rights as a volunteer in this research 

study: If during the course of this study, you have questions concerning the nature of the 

research or you believe you have sustained a research-related injury, you should contact either: 

Ms. Olivia Wesula Lwande International Centre for Insect Physiology and Ecology, P.O 

Box 30772-00100, NAIROBI Tel:  0725984059 or Dr.  Rosemary Sang, Centre for Virus 

Research, KEMRI PO Box 54628, NAIROBI Tel. 0722 759492. 

Who should I contact if I have questions on my rights as a volunteer in this research 

study: If  you have any question on your rights as a volunteer, you or your parent should 

contact:  The  Secretary,  National  Ethical  Review  Committee,  Kenya  Medical  Research 

Institute, P.O. Box 54840, Nairobi, Kenya Tel. 254-20-2722541. 

IF  THERE  IS  ANY  PORTION  OF  THIS  CONSENT  AGREEMENT  THAT  YOU  DO  NOT 

UNDERSTAND, PLEASE TALK TO SOMEONE ON THE STUDY TEAM  BEFORE SIGNING. 

Subject Name    

Subject’s or Parent/Guardian’s Signature:   _Date:    

Physical Address/Home Description:    

 

Family Name/Homestead Name:    

Witness’s Name:    

Witness’s Signature:     

Date:    

Study Number:    Thumbprint of Volunteer or Volunteer’s 

Parent/Guardian if Unable to Sign 

 

Person Administering Consent: 

Name:   Signature:     

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



159 

 

 

 

 

Interviewer’s Name: 

Stick Barcode Label here 
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Appendix B 

 

Assent Form for Individuals above 5 through 17 Years of Age 

NOTE: This form should be signed by children above 5 years of age through 17 years of age 

who should give their assent when a parent or guardian has given permission to enroll. 

What is the study called: Tick-borne virus prevalence and diversity in pastoral eco-zone of 

Ijara district, North Eastern Province of Kenya. 

Who is running the study: The study is being run by Ms. Olivia Wesula Lwande and Dr 

Rosemary Sang, and a team of doctors and scientists from Kenya Medical Research Institute 

(KEMRI), Ministry of Public Health and Sanitation (MPH&S), International Centre of Insect 

Physiology and Ecology (ICIPE), International Livestock Research Institute (ILRI) and Ministry 

of Livestock/Department of Veterinary Services (MOL/DVS). 

Introduction: We are interested in finding out what germs cause fever and/or malaria like 

illness. We want to draw a small amount of blood and test it in the lab to see if we can find the 

germ that is causing your illness. We are asking you to be in this research study because you 

may have signs and symptoms that may have come due to this germ. 

Purpose: The purpose of this study is to find out what germs cause fever and/or malaria 

like illness. 

Procedures: You will be asked some questions about where you live and your illness. You 

may participate in this study by giving only blood. About a tablespoon of blood will be taken 

from a vein in your arm.  The blood will be put into small tubes so we that can test for germs 

that may be causing your illness. These samples are only for this study. 
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Long Term Storage of Specimens 

After the tests have been performed, we will store samples that are left in a confidential manner 

for future testing. After this study is over, we may do new tests for germs that might have 

caused your illness. We will not report the results of these tests to your doctor or to you. We will 

not do human genetic testing or test for evidence of HIV (human immunodeficiency virus) 

infection of the samples that you provide. If at a later date you change your mind, you may ask 

to remove these samples from long term storage and destroy them. If you choose to do so, 

please contact: Dr. Rosemary Sang, Centre for Virus Research, Kenya Medical Research 

Institute, PO Box 54628, NAIROBI, Tel. 0722 759492 or  Dr. Charles Nzioka, Division of 

Disease surveillance and response (DDSR), Ministry of Public Health and Sanitation P. O. 

Box 30016-00100, NAIROBI Tel: 0721234904. 

Risks and Discomforts 

Your doctor will take blood from your arm using a needle. Drawing the blood may hurt a little. It 

may also cause some bruising, bleeding, and slight soreness at the puncture site. There is a 

small chance you could get germs in the spot where the blood was taken and become infected. 

If the area around the spot gets red and sore, you would need to go to the clinic. 

Benefits: You will not directly benefit from the study. There is a benefit to society in general, 

through finding the cause of germs that may be causing your illness. 

Confidentiality: We will keep the data collection, informed consent/permission and 

assent forms in a locked filing cabinet. Only study staff will be allowed to look at them. We will 

keep the forms private as much as legally possible. To protect your privacy, we will keep 

records and samples under code numbers rather than by name. However, we will maintain a 

link between code numbers and the forms that we keep in locked files. Your name or other 

facts that might point to you will not appear when we present this study or publish its results.  
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Costs/Compensation: Your parent/guardian will be responsible for the routine medical costs 

from your visit. These are costs that you would have if you were not in the research study. You 

will have no charge for collection of blood samples. You will not pay for the research tests that 

we will do on these samples. 

Right to Refuse or Withdraw: You do not have to be in this study. We will give you the 

usual care for your condition whether or not you are in the study, or if you leave the study 

later. You may leave the study at any time. 

Persons to Contact: By signing this consent form and agreeing to be in this study, you are 

not giving up any of your rights. If you believe that you have been harmed, please contact: 

Dr. Rosemary Sang, Centre for Virus Research, Kenya Medical Research Institute, PO 

Box 54628, NAIROBI, Tel. 0722 759492 or Dr. Charles Nzioka, Division of Disease 

surveillance and response (DDSR), Ministry of Public Health and Sanitation P. O. Box 

30016-00100, NAIROBI Tel: 0721234904. 

If you have any question on your rights as a volunteer, you or your parent should contact. 

The Secretary, National Ethical Review Committee 

C/o Kenya Medical Research Institute 

P.O. Box 54840, Nairobi, Kenya 

Tel. 254-20-2722541 

IF  THERE  IS  ANY  PORTION  OF  THIS  CONSENT  AGREEMENT  THAT  YOU  DO  NOT 

UNDERSTAND, PLEASE ASK STUDY TEAM BEFORE SIGNING. 
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Subjects Name:    

Subject’s or Guardian’s Signature:    

Permanent Address:    

 

Date:    

Witness’s Name:    

Witness’s Signature:    

Study Number:    

 

 

 

 

Person Administering Consent: 

Name:  Signature:     

 

 

Date: 

Thumbprint of Volunteer or Volunteer’s  

Parent/Guardian if Unable to Sign 

Stick Barcode Label here 
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Appendix C 

 

Parent/Guardian Permission Form for Individuals above 5 through 17 Years of Age 

NOTE: This form should be signed by patients 18 years of age or older who are able to 

give their legal consent. Minor children ages 5 to17 should sign this form to give their assent 

when a parent or guardian has given permission to enroll. 

What is the study called: Tick-borne virus prevalence and diversity in pastoral eco-zone of 

Ijara district, North Eastern Province of Kenya. 

Who is running the study: The study is being run by Ms. Olivia Wesula Lwande and Dr 

Rosemary Sang and a team of doctors and scientists from Kenya Medical Research 

Institute (KEMRI), Ministry of Public Health and Sanitation (MPH&S), International Centre 

of Insect Physiology and Ecology (ICIPE), International Livestock Research Institute (ILRI) 

and Ministry of Livestock/Department of Veterinary Services (MOL/DVS). 

Introduction: We are interested in finding out what germs cause fever and/or malaria like 

illness. We want to draw a small amount of blood and test it in the lab to see if we can find 

the germ that is causing your illness. We are asking you/your child to be in this research 

study because you/your child may have illness that may have come due to this germ. 

Purpose: The purpose of this study is to find out what germs cause fever and/or malaria 

like illness. 

Procedures: You/your child will be asked some questions about where you live, your illness 

and any medications you may have taken recently.  You/your child may participate in this 

study by giving only blood. About a tablespoon of blood will be taken from a vein in your arm.  

The blood will be put into small tubes so we can test for germs that may be causing your 

illness.  These samples are only for this study. 
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Long Term Storage of Specimens 

After the tests have been performed, we will store samples that are left in a confidential 

manner for future testing. After this study is over, we may do new tests for germs that 

might have caused your/your child’s rash as these tests become available. We will not report 

the results of these tests to your doctor or to you. We will not do human genetic testing or test 

for evidence of HIV (human immunodeficiency virus) infection of the samples that you or your 

child provide. If at a later date you change your mind, you may ask to remove these samples 

from long term storage and destroy them. If you choose to do so, please contact: Dr. 

Rosemary Sang, Centre for Virus Research, Kenya Medical Research Institute, PO Box 

54628, NAIROBI, Tel. 0722759492 or Dr. Charles Nzioka, Division of Disease 

surveillance and response (DDSR), Ministry of  Public  Health  and  Sanitation  P. O.  

Box 30016-00100, NAIROBI Tel: 0721234904. 

Risks and Discomforts 

Your doctor will take blood from your/your child’s arm using a needle. Drawing the blood 

may hurt a little. It may also cause some bruising, bleeding, and slight soreness at the 

puncture site. There is a small chance you/your child could get germs in the spot where the 

blood was taken and become infected. If the area around the spot gets red and sore, you/your 

child would need to go to the clinic. 

Benefits: You/your child will not directly benefit from the study. There is a benefit to society 

in general, through finding the cause of germs that may be causing your illness. 

Confidentiality: we will keep the data collection, informed consent/permission and assent 

forms in a locked file. Only study staff will be allowed to look at them. We will keep the 

forms private as much as legally possible. To protect your/your child’s privacy, we will 

keep records and samples under numbers rather than by name. However, we will maintain 

a link between code numbers and the forms that we keep in locked files. Your/your child’s 
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name or other facts that might point to you/your child will not appear when we present this 

study or publish its results.  

Costs/Compensation: You will be responsible for the routine medical costs from your/your 

child’s visit. These are costs that you would have if you/your child were not in the research 

study. You will have no charge for collection of blood samples. You will not pay for the 

research tests that we will do on these samples. 

Right to Refuse or Withdraw: You/your child does not have to be in this study. We will 

give you/your child the usual care for your/your child’s condition whether or not you/your child 

are in the study, or if you/your child leave the study later. To leave the study, please contact 

your doctor. You/your child may leave the study at any time. 

Persons to Contact: By signing this consent form and agreeing to be in this study, you are 

not giving up any of your rights. If you believe that you/your child have been harmed, 

please contact:   Dr.  Rosemary  Sang,  Centre  for  Virus  Research,  Kenya  Medical  

Research Institute, PO Box  54628, NAIROBI, Tel. 0722 759492 or Dr. Charles Nzioka, 

Division of Disease surveillance and response (DDSR), Ministry of Public Health and 

Sanitation P. O. Box 30016-00100, NAIROBI Tel: 0721234904. 

If you have any question on your rights as a volunteer, you or your parent should contact. 

The Secretary, National Ethical Review Committee 

C/o Kenya Medical Research Institute 

P.O. Box 54840, Nairobi, Kenya 

Tel. 254-20-2722541 

IF  THERE  IS  ANY  PORTION  OF  THIS  CONSENT  AGREEMENT  THAT  YOU  DO  

NOT UNDERSTAND, PLEASE ASK STUDY TEAM BEFORE SIGNING. 

Subjects Name:    

Subject’s or Guardian’s Signature:    Permanent Address:    
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Date:    

Witness’s Name:    

Witness’s Signature:    

Study Number:                                         

Date: 

                                    

 

 

 

Person Administering Consent: 

Name:   Signature:     

 

 

 

 

 

                

Thumbprint of Volunteer or 

Volunteer’s Parent/Guardian if Unable 

to sign 

Stick Barcode Label here 
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Appendix D 

 

QUESTIONNAIRE ON HUMAN EXPOSURE TO CRIMEAN-CONGO HEMORRHAGIC 

FEVER 

Patient details: 

Date of collection: (dd/month/yr) 

Sex: 1. Male 2. Female        Age:                     years  

Where is you (your child’s) current residence? 

Village                                       District 

Province:    

How long have you (your child) been living in this district? 

    years 

   months 

During the past five days, where have you (your child) been mostly (check one)?  

             Village of residence 

In the country, but not in residence, Where?                                     

Out of the country, Where? 

How  many  times  have  you  (your  child)  traveled  outside  of  your  district  in  the  last  

two months:   

How long ago:   <2 weeks 2-4 weeks      1-2 months 

Where:   

How long ago:  <2 weeks 2-4 weeks      1-2 months 

Where:   

How long ago:  <2 weeks 2-4 weeks       1-2 months 

Where:   

Have you (your child) ever received a yellow fever vaccine? 

1. Yes 2. No 3. Unknown 
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Date of vaccination (if known)   _(day/month/year) 

If adult: What is your occupation:     If child: 

Where do you go to school:     Do you 

have contact with any of the following species of animals? 

1.  Bats 

2.  Geese 

3.  Ducks 

4.  Chickens 

5.   Other- Specify   

Indicate which birds using the codes above (1-5):   

6.  Goats 

7.  Cows 

8.  Donkeys 

9.  Camels 

10. Monkeys 

Indicate which animals using the codes above (6-10):    Tick 

Bites: Yes/No    

Others bites 

For each species checked above: 

 

List the species using the given codes_   

2) Describe the contact, e.g., trapping, farming, slaughter, food preparation, veterinary 

work, casual contact (e.g., a neighbor keeps chickens, there is a slaughterhouse nearby), 

eating raw fowl products or drinking blood_ 

3. Were the animals showing signs of illness? Yes                       No  

If Yes above, Specify the signs. 
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YOUR CURRENT ILLNESS: 

Why did you (your child) come to the hospital: 

 

Did you (your child) have any of the following: 

Signs/Symptoms Yes No Uncertain 

Fever/Chills    

Rash    

Abdominal pain    

Muscle pain    

Vomiting    

Headache    

 

Do you (your child) have any symptoms we did not mention:    If bleeding, where:  

1. N/A                  2. Gums              3. Nose            4. Injection sites  

5. Other, Specify    

How many days have you (your child) been sick:    Date of Onset:     How 

many days of school or work have you (your child) missed:   

Does anyone you know have a similar illness?   Yes           No 

Who:   When did they become ill    Who:  

 When did they become ill    Who:  

 When did they become ill    

What was your temperature in the clinic:   oC 

DIAGNOSES MADE BY MINISTRY OF HEALTH PROVIDER: 

1.    

2.    

TREATMENT PRESCRIBED BY MINISTRY OF HEALTH PROVIDER: 

1.    

2.    

3.    
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Appendix E 

 

Table 16. Amino acid substitution table for Semliki forest virus non-structural protein gene (nsP1–4). 

X04129_USA_1987 M A A K V H V D I E A D S P F I K S L Q K A F P S F E V E S  [  30] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [  30] 

AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [  30] 

                                X04129_USA_1987 L Q V T P N D H A N A R A F S H L A T K L I E Q E T D K D T  [  60] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [  60] 

AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [  60] 

                                X04129_USA_1987 L I L D I G S A P S R R M M S T H K Y H C V C P M R S A E D  [  90] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [  90] 

AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [  90] 

                                X04129_USA_1987 P E R L D S Y A K K L A A A S G K V L D R E I A G K I T D L  [ 120] 

ATH000510_KENYA_2012 . . . . V C . . . . . . . . . . . . . . . . . . . . . . . .  [ 120] 

AMH001859_KENYA_2009 . . . . V C . . . . . . . . . . . . . . . . . . . . . . . .  [ 120] 

                                X04129_USA_1987 Q T V M A T P D A E S P T F C L H T D V T C R T A A E V A V  [ 150] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . K . . . . . .  [ 150] 

AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . K . . . . . .  [ 150] 

                                X04129_USA_1987 Y Q D V Y A V H A P T S L Y H Q A M K G V R T A Y W I G F D  [ 180] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 180] 

AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 180] 

                                X04129_USA_1987 T T P F M F D A L A G A Y P T Y A T N W A D E Q V L Q A R N  [ 210] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 210] 

AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 210] 

                                X04129_USA_1987 I G L C A A S L T E G R L G K L S I L R K K Q L K P C D T V  [ 240] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . S . . .  [ 240] 

AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . . . . S . . .  [ 240] 
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X04129_USA_1987 M F S V G S T L Y T E S R K L L R S W H L P S V F H L K G K  [ 270] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 270] 

AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 270] 

                                X04129_USA_1987 Q S F T C R C D T I V S C E G Y V V K K I T M C P G L Y G K  [ 300] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 300] 

AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 300] 

                                X04129_USA_1987 T V G Y A V T Y H A E G F L V C K T T D T V K G E R V S F P  [ 330] 

ATH000510_KENYA_2012 . . . . . . . H . . . . . . . . . . . . . . . . . . . . . .  [ 330] 

AMH001859_KENYA_2009 . . . . . . . H . . . . . . . . . . . . . . . . . . . . . .  [ 330] 

                                X04129_USA_1987 V C T Y V P S T I C D Q M T G I L A T D V T P E D A Q K L L  [ 360] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 360] 

AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 360] 

                                X04129_USA_1987 V G L N Q R I V V N G R T Q R N T N T M K N Y L L P I V A V  [ 390] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 390] 

AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 390] 

                                X04129_USA_1987 A F S K W A R E Y K A D L D D E K P L G V R E R S L T C C C  [ 420] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 420] 

AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 420] 

                                X04129_USA_1987 L W A F K T R K M H T M Y K K P D T Q T I V K V P S E F N S  [ 450] 

ATH000510_KENYA_2012 . . . . . . K . . . . . . . . . . . . . . . . . . . . . . .  [ 450] 

AMH001859_KENYA_2009 . . . . . . K . . . . . . . . . . . . . . . . . . . . . . .  [ 450] 

                                X04129_USA_1987 F V I P S L W S T G L A I P V R S R I K M L L A K K T K R E  [ 480] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 480] 

AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 480] 

                                X04129_USA_1987 L I P V L D A S S A R D A E Q E E K E R L E A E L T R E A L  [ 510] 

ATH000510_KENYA_2012 . . . A . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 510] 

AMH001859_KENYA_2009 . . . A . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 510] 

                                X04129_USA_1987 P P L V P I A P A E T G V V D V D V E E L E Y H A G A G V V  [ 540] 

ATH000510_KENYA_2012 . . . I . . . . . . . . . . . . . . . . . . . R . . . . . .  [ 540] 
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AMH001859_KENYA_2009 . . . I . . . . . . . . . . . . . . . . . . . R . . . . . .  [ 540] 

                                X04129_USA_1987 E T P R S A L K V T A Q P N D V L L G N Y V V L S P Q T V L  [ 570] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 570] 

AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 570] 

                                X04129_USA_1987 K S S K L A P V H P L A E Q V K I I T H N G R A G G Y Q V D  [ 600] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . R . . . .  [ 600] 
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AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2310] 

                                X04129_USA_1987 I D A V M G E K P P Y F C G G F I V F D S V T Q T A C R V S  [2340] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2340] 

AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2340] 

                                X04129_USA_1987 D P L K R L F K L G K P L T A E D K Q D E D R R R A L S D E  [2370] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2370] 

AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2370] 

                                X04129_USA_1987 V S K W F R T G L G A E L E V A L T S R Y E V E G C K S I L  [2400] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2400] 

AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2400] 

                                X04129_USA_1987 I A M T T L A R D I K A F K K L R G P V I H L Y G G P R L V  [2430] 

ATH000510_KENYA_2012 . . . A . . . . . . . . . . R . . . . . . . . . . . . K . .  [2430] 

AMH001859_KENYA_2009 . . . A . . . . . . . . . . - - - - - - - - - - - - - - - -  [2430] 

                                X04129_USA_1987 R *  [2432] 

                            ATH000510_KENYA_2012 . -  [2432] 

                            AMH001859_KENYA_2009 - -  [2432] 
                             

 
Sequence alignment of deduced non-structural protein (nsP1–4) amino acid sequences of SFV isolated in Kenya, reference strain (NC_003215) and 
HQ848388 (SFV AMH001859 strain isolated in Kenya). Region sequenced; position 1 to 2432. Study isolate highlighted in red. 
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Table 17. Nucleotide substitutions at the 26S junction region of Ndumu virus   

 

NDUV_USA_2010 T T T A A G T T T G G G G C C A T G A T G A A G T C C G G A  [ 6805] 

ATH002166_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 6805] 

                                NDUV_USA_2010 A T G T T T C T G A C G T T A T T T G T T A A C A C G C T G  [ 6835] 

ATH002166_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 6835] 

                                NDUV_USA_2010 C T T A A C G T C G T T A T A G C T A G T C G C G T C C T A  [ 6865] 

ATH002166_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G  [ 6865] 

                                NDUV_USA_2010 G A A T C C A A A T T G A C G G G G T C G C G A T G T G C C  [6895] 

ATH002166_KENYA_2012 . . . . . T . . . . . . . . . . . . . . . . . . . . . . . .  [6895] 

                                NDUV_USA_2010 G C C T T C A T T G G G G A C G A T A A C A T C G T G C A T  [6925] 

ATH002166_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [6925] 

                                NDUV_USA_2010 G G C G T G G T C T C A G A T A A G T T G A T G G C A G A A  [6955] 

ATH002166_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [6955] 

                                NDUV_USA_2010 A G G T G T G C C A C C T G G A T G A A C A T G G A G G T G  [6985] 

ATH002166_KENYA_2012 . . . . . . . . . . . . . . . . . C G T G . . . . . . . . C  [6985] 

                                NDUV_USA_2010 A A A A T T A T C G A C G C A G T C A T C G G A G A A A A A  [7015] 

ATH002166_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [7015] 

                                NDUV_USA_2010 C A C C C G T A T T T C T G C G G C G G G T T C A T C C T A  [7045] 

ATH002166_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [7045] 

                                NDUV_USA_2010 C A G G A T G C T G T G A C C G G C A C G G C G T G C C G A  [7075] 

ATH002166_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [7075] 
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NDUV_USA_2010 G T A T C C G A C C C A T T G A A G A G A C T G T T T A A G  [7105] 

ATH002166_KENYA_2012 . . . . . T . . . . . . C . . . . . . . . . . . . . . . . .  [7105] 

                                NDUV_USA_2010 T T G G G T A A A C C A C T G C C T G C G G A C G A T G A G  [7135] 

ATH002166_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [7135] 

                                NDUV_USA_2010 C A G G A T G A G G A C C G C A G A C G A G C A C T C C G T  [7165] 

ATH002166_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [7165] 

                                NDUV_USA_2010 G A C G A G G T G A T G A G A T G  [7182] 
             ATH002166_KENYA_2012 . . . . . . . . . . C . G A . . .  [7182] 

              

    

Sequence alignment of the 26S junction region of the nucleotide sequences of NDUV isolated in Kenya and reference strain (NC_016959). Region 
sequenced; position 6775 to 7182. Study isolate highlighted in red. 
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Table 18. Amino acid substitutions at Nucleocapsid (N) and Non- structural (NSs) gene regions of Bunyamwera virus.  

  

BUNV_USA_1989 L L T P A V L L T Q R S H T L T L S V S T P L G L V M T T Y  [30] 

ATH002298_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [30] 

ATH001860_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [30] 

ATH002318_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [30] 

ATH002016_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [30] 

ATH002274_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [30] 

ATH000652_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [30] 

ATH001182_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [30] 

ATH001136_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [30] 

ATH002346_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [30] 

                                BUNV_USA_1989 E S S T L K D A R L K L V S Q K E V N G K L H L T L G A G R  [60] 

ATH002298_KENYA_2012 . . . . . . . . . . . . . L . . . . . . . . . . . . . . . .  [60] 

ATH001860_KENYA_2012 . . . . . . . . . . . . . L . . . . . . . . . . . . . . . .  [60] 

ATH002318_KENYA_2012 . . . . . . . . . . . . . L . . . . . . . . . . . . . . . .  [60] 

ATH002016_KENYA_2012 . . . . . . . . . . . . . L . . . . . . . . . . . . . . . .  [60] 

ATH002274_KENYA_2012 . . . . . . . . . . . . . L . . . . . . . . . . . . . . . .  [60] 

ATH000652_KENYA_2012 . . . . . . . . . . . . . L . . . . . . . . . . . . . . . .  [60] 

ATH001182_KENYA_2012 . . . . . . . . . . . . . L . . . . . . . . . . . . . . . .  [60] 

ATH001136_KENYA_2012 . . . . . . . . . . . . . L . . . . . . . . . . . . . . . .  [60] 

ATH002346_KENYA_2012 . . . . . . . . . . . . . L . . . . . . . . . . . . . . . .  [60] 
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BUNV_USA_1989 L L Y I I R I F L A T G T T Q F L T M V L P S  [83] 
       ATH002298_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . .  [83] 

       ATH001860_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . .  [83] 

       ATH002318_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . .  [83] 
       ATH002016_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . .  [83] 

       ATH002274_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . .  [83] 
       ATH000652_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . .  [83] 

       ATH001182_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . .  [83] 

       ATH001136_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . .  [83] 
       ATH002346_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . .  [83] 

        

Sequence alignment of N and the NSs gene amino acid sequences of Kenyan BUNV isolates alongside BUNV reference strain (NC_001927). 
Region sequenced; position 1 to 83. Study isolates highlighted in red. 
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Table 19. Amino acid substitutions at M protein gene (NSm and Gc) of Bunyamwera virus  

BUNV_USA_1986 I L E V L T K I N V I F C N E C N M Y H S K K S I K Y V G D  [ 30] 

ATH002166_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 30] 

                                BUNV_USA_1986 F T N K C G F C T C G L L E D P E G V V V H K A K K S C T Y  [ 60] 

ATH002166_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 60] 

                                BUNV_USA_1986 S Y Q I N W V R G I M I F V A F L F V I Q N T I I M V A A E  [ 90] 

ATH002166_KENYA_2012 . . . . S . . K . . . . . . . . . . . . . . . . . . . . . .  [ 90] 

                                BUNV_USA_1986 E D C W K N E E L K E D C V G P L I A P K D C T D K D  [117] 
   ATH002166_KENYA_2012 . . . . . . . . . . . . . . . . . . . . M . R . G . H  [117] 
    

Sequence alignment of M polyprotein gene (NSm and Gc) amino acid sequences of Kenyan BUNV isolate alongside BUNV reference st rain 
(NC_001926). Region sequenced; position 1 to 117. Study isolate highlighted in red. 
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Table 20. Amino acid substitutions of the WNV polyprotein gene that corresponds to the structural (C, E and M) and non-structural (1, 2A, 2B, 3, 4A, 
4B and 5) proteins 

 

                                

                                

                                NY99_USA_2005 M S K K P G G P G K S R A V N M L K R G M P R V L S L I G L  [  30] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [  30] 

                                NY99_USA_2005 K R A M L S L I D G K G P I R F V L A L L A F F R F T A I A  [  60] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [  60] 

                                NY99_USA_2005 P T R A V L D R W R G V N K Q T A M K H L L S F K K E L G T  [  90] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [  90] 

                                NY99_USA_2005 L T S A I N R R S S K Q K K R G G K T G I A V M I G L I A S  [ 120] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . N . . . . . . . . . . . .  [ 120] 

                                NY99_USA_2005 V G A V T L S N F Q G K V M M T V N A T D V T D V I T I P T  [ 150] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 150] 

                                NY99_USA_2005 A A G K N L C I V R A M D V G Y M C D D T I T Y E C P V L S  [ 180] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 180] 

                                NY99_USA_2005 A G N D P E D I D C W C T K S A V Y V R Y G R C T K T R H S  [ 210] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 210] 

                                NY99_USA_2005 R R S R R S L T V Q T H G E S T L A N K K G A W M D S T K A  [ 240] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 240] 

                                NY99_USA_2005 T R Y L V K T E S W I L R N P G Y A L V A A V I G W M L G S  [ 270] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 270] 
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NY99_USA_2005 N T M Q R V V F V V L L L L V A P A Y S F N C L G M S N R D  [ 300] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 300] 

                                NY99_USA_2005 F L E G V S G A T W V D L V L E G D S C V T I M S K D K P T  [ 330] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 330] 

                                NY99_USA_2005 I D V K M M N M E A A N L A E V R S Y C Y L A T V S D L S T  [ 360] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 360] 

                                NY99_USA_2005 K A A C P T M G E A H N D K R A D P A F V C R Q G V V D R G  [ 390] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 390] 

                                NY99_USA_2005 W G N G C G L F G K G S I D T C A K F A C S T K A I G R T I  [ 420] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . T . . . .  [ 420] 

                                NY99_USA_2005 L K E N I K Y E V A I F V H G P T T V E S H G N Y S T Q V G  [ 450] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . I .  [ 450] 

                                NY99_USA_2005 A T Q A G R L S I T P A A P S Y T L K L G E Y G E V T V D C  [ 480] 

ATH002316_Kenya_2012 . . . . . . F . . . . . . . . . . . . . . . . . . . . . . .  [ 480] 

                                NY99_USA_2005 E P R S G I D T N A Y Y V M T V G T K T F L V H R E W F M D  [ 510] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 510] 

                                NY99_USA_2005 L N L P W S S A G S T V W R N R E T L M E F E E P H A T K Q  [ 540] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 540] 

                                NY99_USA_2005 S V I A L G S Q E G A L H Q A L A G A I P V E F S S N T V K  [ 570] 

ATH002316_Kenya_2012 . . . . . . . . G . R S C I K . W L E P S L W I . . . . . .  [ 570] 

                                NY99_USA_2005 L T S G H L K C R V K M E K L Q L K G T T Y G V C S K A F K  [ 600] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 600] 

                                NY99_USA_2005 F L G T P A D T G H G T V V L E L Q Y T G T D G P C K V P I  [ 630] 
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ATH002316_Kenya_2012 . . . . . . V . . . . . . . . . . . . . . . . . . . . . . .  [ 630] 

                                NY99_USA_2005 S S V A S L N D L T P V G R L V T V N P F V S V A T A N A K  [ 660] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . S . . . . .  [ 660] 

                                NY99_USA_2005 V L I E L E P P F G D S Y I V V G R G E Q Q I N H H W H K S  [ 690] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 690] 

                                NY99_USA_2005 G S S I G K A F T T T L K G A Q R L A A L G D T A W D F G S  [ 720] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 720] 

                                NY99_USA_2005 V G G V F T S V G K A V H Q V F G G A F R S L F G G M S W I  [ 750] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 750] 

                                NY99_USA_2005 T Q G L L G A L L L W M G I N A R D R S I A L T F L A V G G  [ 780] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 780] 

                                NY99_USA_2005 V L L F L S V N V H A D T G C A I D I S R Q E L R C G S G V  [ 810] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 810] 

                                NY99_USA_2005 F I H N D V E A W M D R Y K Y Y P E T P Q G L A K I I Q K A  [ 840] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 840] 

                                NY99_USA_2005 H K E G V C G L R S V S R L E H Q M W E A V K D E L N T L L  [ 870] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . S . . . . . . . . .  [ 870] 

                                NY99_USA_2005 K E N G V D L S V V V E K Q E G M Y K S A P K R L T A T T E  [ 900] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 900] 

                                NY99_USA_2005 K L E I G W K A W G K S I L F A P E L A N N T F V V D G P E  [ 930] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 930] 

                                NY99_USA_2005 T K E C P T Q N R A W N S L E V E D F G F G L T S T R M F L  [ 960] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 960] 
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                                NY99_USA_2005 K V R E S N T T E C D S K I I G T A V K N N L A I H S D L S  [ 990] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 990] 

                                NY99_USA_2005 Y W I E S R L N D T W K L E R A V L G E V K S C T W P E T H  [1020] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1020] 

                                NY99_USA_2005 T L W G D G I L E S D L I I P V T L A G P R S N H N R R P G  [1050] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1050] 

                                NY99_USA_2005 Y K T Q N Q G P W D E G R V E I D F D Y C P G T T V T L S E  [1080] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1080] 

                                NY99_USA_2005 S C G H R G P A T R T T T E S G K L I T D W C C R S C T L P  [1110] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . A . . . . . . . . . .  [1110] 

                                NY99_USA_2005 P L R Y Q T D S G C W Y G M E I R P Q R H D E K T L V Q S Q  [1140] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1140] 

                                NY99_USA_2005 V N A Y N A D M I D P F Q L G L L V V F L A T Q E V L R K R  [1170] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1170] 

                                NY99_USA_2005 W T A K I S M P A I L I A L L V L V F G G I T Y T D V L R Y  [1200] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1200] 

                                NY99_USA_2005 V I L V G A A F A E S N S G G D V V H L A L M A T F K I Q P  [1230] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1230] 

                                NY99_USA_2005 V F M V A S F L K A R W T N Q E N I L L M L A A V F F Q M A  [1260] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . M . . . . . . . .  [1260] 

                                NY99_USA_2005 Y H D A R Q I L L W E I P D V L N S L A V A W M I L R A I T  [1290] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1290] 
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NY99_USA_2005 F T T T S N V V V P L L A L L T P G L R C L N L D V Y R I L  [1320] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1320] 

                                NY99_USA_2005 L L M V G I G S L I R E K R S A A A K K K G A S L L C L A L  [1350] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1350] 

                                NY99_USA_2005 A S T G L F N P M I L A A G L I A C D P N R K R G W P A T E  [1380] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1380] 

                                NY99_USA_2005 V M T A V G L M F A I V G G L A E L D I D S M A I P M T I A  [1410] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1410] 

                                NY99_USA_2005 G L M F A A F V I S G K S T D M W I E R T A D I S W E S D A  [1440] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1440] 

                                NY99_USA_2005 E I T G S S E R V D V R L D D D G N F Q L M N D P G A P W K  [1470] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1470] 

                                NY99_USA_2005 I W M L R M V C L A I S A Y T P W A I L P S V V G F W I T L  [1500] 

ATH002316_Kenya_2012 . . . . . . A . . . . . . . . . . . . . . . . . . . . . . .  [1500] 

                                NY99_USA_2005 Q Y T K R G G V L W D T P S P K E Y K K G D T T T G V Y R I  [1530] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1530] 

                                NY99_USA_2005 M T R G L L G S Y Q A G A G V M V E G V F H T L W H T T K G  [1560] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1560] 

                                NY99_USA_2005 A A L M S G E G R L D P Y W G S V K E D R L C Y G G P W K L  [1590] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1590] 

                                NY99_USA_2005 Q H K W N G Q D E V Q M I V V E P G K N V K N V Q T K P G V  [1620] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1620] 

                                NY99_USA_2005 F K T P E G E I G A V T L D F P T G T S G S P I V D K N G D  [1650] 
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ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1650] 

                                NY99_USA_2005 V I G L Y G N G V I M P N G S Y I S A I V Q G E R M D E P I  [1680] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1680] 

                                NY99_USA_2005 P A G F E P E M L R K K Q I T V L D L H P G A G K T R R I L  [1710] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1710] 

                                NY99_USA_2005 P Q I I K E A I N R R L R T A V L A P T R V V A A E M A E A  [1740] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1740] 

                                NY99_USA_2005 L R G L P I R Y Q T S A V P R E H N G N E I V D V M C H A T  [1770] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . T . . . . . . . . . . . . . . . .  [1770] 

                                NY99_USA_2005 L T H R L M S P H R V P N Y N L F V M D E A H F T D P A S I  [1800] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1800] 

                                NY99_USA_2005 A A R G Y I S T K V E L G E A A A I F M T A T P P G T S D P  [1830] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1830] 

                                NY99_USA_2005 F P E S N S P I S D L Q T E I P D R A W N S G Y E W I T E Y  [1860] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1860] 

                                NY99_USA_2005 T G K T V W F V P S V K M G N E I A L C L Q R A G K K V V Q  [1890] 

ATH002316_Kenya_2012 I . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1890] 

                                NY99_USA_2005 L N R K S Y E T E Y P K C K N D D W D F V I T T D I S E M G  [1920] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1920] 

                                NY99_USA_2005 A N F K A S R V I D S R K S V K P T I I T E G E G R V I L G  [1950] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1950] 

                                NY99_USA_2005 E P S A V T A A S A A Q R R G R I G R N P S Q V G D E Y C Y  [1980] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1980] 
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                                NY99_USA_2005 G G H T N E D D S N F A H W T E A R I M L D N I N M P N G L  [2010] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2010] 

                                NY99_USA_2005 I A Q F Y Q P E R E K V Y T M D G E Y R L R G E E R K N F L  [2040] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2040] 

                                NY99_USA_2005 E L L R T A D L P V W L A Y K V A A A G V S Y H D R R W C F  [2070] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2070] 

                                NY99_USA_2005 D G P R T N T I L E D N N E V E V I T K L G E R K I L R P R  [2100] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2100] 

                                NY99_USA_2005 W I D A R V Y S D H Q A L K A F K D F A S G K R S Q I G L I  [2130] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2130] 

                                NY99_USA_2005 E V L G K M P E H F M G K T W E A L D T M Y V V A T A E K G  [2160] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2160] 

                                NY99_USA_2005 G R A H R M A L E E L P D A L Q T I A L I A L L S V M T M G  [2190] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2190] 

                                NY99_USA_2005 V F F L L M Q R K G I G K I G L G G A V L G V A T F F C W M  [2220] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . V . . . . . . . . . . .  [2220] 

                                NY99_USA_2005 A E V P G T K I A G M L L L S L L L M I V L I P E P E K Q R  [2250] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2250] 

                                NY99_USA_2005 S Q T D N Q L A V F L I C V M T L V S A V A A N E M G W L D  [2280] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2280] 

                                NY99_USA_2005 K T K S D I S S L F G Q R I E V K E N F S M G E F L L D L R  [2310] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2310] 
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NY99_USA_2005 P A T A W S L Y A V T T A V L T P L L K H L I T S D Y I N T  [2340] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2340] 

                                NY99_USA_2005 S L T S I N V Q A S A L F T L A R G F P F V D V G V S A L L  [2370] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2370] 

                                NY99_USA_2005 L A A G C W G Q V T L T V T V T A A T L L F C H Y A Y M V P  [2400] 

ATH002316_Kenya_2012 . . . . S . . . . . . . . . . . . . . . . . . . . . . . . .  [2400] 

                                NY99_USA_2005 G W Q A E A M R S A Q R R T A A G I M K N A V V D G I V A T  [2430] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2430] 

                                NY99_USA_2005 D V P E L E R T T P I M Q K K V G Q I M L I L V S L A A V V  [2460] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2460] 

                                NY99_USA_2005 V N P S V K T V R E A G I L I T A A A V T L W E N G A S S V  [2490] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2490] 

                                NY99_USA_2005 W N A T T A I G L C H I M R G G W L S C L S I T W T L I K N  [2520] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2520] 

                                NY99_USA_2005 M E K P G L K R G G A K G R T L G E V W K E R L N Q M T K E  [2550] 

ATH002316_Kenya_2012 . D . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2550] 

                                NY99_USA_2005 E F T R Y R K E A I I E V D R S A A K H A R K E G N V T G G  [2580] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2580] 

                                NY99_USA_2005 H P V S R G T A K L R W L V E R R F L E P V G K V I D L G C  [2610] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2610] 

                                NY99_USA_2005 G R G G W C Y Y M A T Q K R V Q E V R G Y T K G G P G H E E  [2640] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2640] 

                                NY99_USA_2005 P Q L V Q S Y G W N I V T M K S G V D V F Y R P S E C C D T  [2670] 
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ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2670] 

                                NY99_USA_2005 L L C D I G E S S S S A E V E E H R T I R V L E M V E D W L  [2700] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2700] 

                                NY99_USA_2005 H R G P R E F C V K V L C P Y M P K V I E K M E L L Q R R Y  [2730] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2730] 

                                NY99_USA_2005 G G G L V R N P L S R N S T H E M Y W V S R A S G N V V H S  [2760] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2760] 

                                NY99_USA_2005 V N M T S Q V L L G R M E K R T W K G P Q Y E E D V N L G S  [2790] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2790] 

                                NY99_USA_2005 G T R A V G K P L L N S D T S K I K N R I E R L R R E Y S S  [2820] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2820] 

                                NY99_USA_2005 T W H H D E N H P Y R T W N Y H G S Y D V K P T G S A S S L  [2850] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2850] 

                                NY99_USA_2005 V N G V V R L L S K P W D T I T N V T T M A M T D T T P F G  [2880] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2880] 

                                NY99_USA_2005 Q Q R V F K E K V D T K A P E P P E G V K Y V L N E T T N W  [2910] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2910] 

                                NY99_USA_2005 L W A F L A R E K R P R M C S R E E F I R K V N S N A A L G  [2940] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2940] 

                                NY99_USA_2005 A M F E E Q N Q W R S A R E A V E D P K F W E M V D E E R E  [2970] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2970] 

                                NY99_USA_2005 A H L R G E C H T C I Y N M M G K R E K K P G E F G K A K G  [3000] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [3000] 
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                                NY99_USA_2005 S R A I W F M W L G A R F L E F E A L G F L N E D H W L G R  [3030] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [3030] 

                                NY99_USA_2005 K N S G G G V E G L G L Q K L G Y I L R E V G T R P G G K I  [3060] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [3060] 

                                NY99_USA_2005 Y A D D T A G W D T R I T R A D L E N E A K V L E L L D G E  [3090] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [3090] 

                                NY99_USA_2005 H R R L A R A I I E L T Y R H K V V K V M R P A A D G R T V  [3120] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [3120] 

                                NY99_USA_2005 M D V I S R E D Q R G S G Q V V T Y A L N T F T N L A V Q L  [3150] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [3150] 

                                NY99_USA_2005 V R M M E G E G V I G P D D V E K L T K G K G P K V R T W L  [3180] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [3180] 

                                NY99_USA_2005 F E N G E E R L S R M A V S G D D C V V K P L D D R F A T S  [3210] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [3210] 

                                NY99_USA_2005 L H F L N A M S K V R K D I Q E W K P S T G W Y D W Q Q V P  [3240] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [3240] 

                                NY99_USA_2005 F C S N H F T E L I M K D G R T L V V P C R G Q D E L V G R  [3270] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [3270] 

                                NY99_USA_2005 A R I S P G A G W N V R D T A C L A K S Y A Q M W L L L Y F  [3300] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [3300] 

                                NY99_USA_2005 H R R D L R L M A N A I C S A V P V N W V P T G R T T W S I  [3330] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [3330] 
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NY99_USA_2005 H A G G E W M T T E D M L E V W N R V W I E E N E W M E D K  [3360] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . I . . .  [3360] 

                                NY99_USA_2005 T P V E K W S D V P Y S G K R E D I W C G S L I G T R A R A  [3390] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . T . . . . . . . . . . . . . .  [3390] 

                                NY99_USA_2005 T W A E N I Q V A I N Q V R A I I G D E K Y V D Y M S S L K  [3420] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [3420] 

                                
NY99_USA_2005 R Y E D T T L V E D T V L * 

 
[3434] 

                
ATH002316_Kenya_2012 . . . . . . . . . . . . . . 

 
[3434] 

 
 

               

                                Sequence alignment of the WNV polyprotein gene that corresponds to the structural (C, E and M) and non-structural (1, 2A, 2B, 3, 4A, 4B and 5) 
proteins sequences of the Kenyan WNV isolate (ATH002316) and the reference strain (NC_009942.1). Region sequenced; position 1 to 3434. 
Study isolate highlighted in red. 
 
 
 

Table 21. Amino acid substitutions at nucleoptrotein gene of Thogoto virus 

 

SiAr126_Germany_1996 M A T D Q M D I S G P P P K K Q H V D T E S Q I P K M Y E M  [ 30] 

ATH000258_Kenya_2012 . . S . . . . . . . . . . . . . . . E . . . . . . . . . . .  [ 30] 

                                SiAr126_Germany_1996 I R D Q M R T L A S T H K I P L N I D H N C  [ 52] 

        ATH000258_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . .  [ 52] 

         

Sequence alignment of Nucleoprotein gene amino acid sequences of Thogoto virus strains isolated in Kenya and reference strain (NC_006507). 
Regions sequenced; position 1-174. Study isolate highlighted in red. 
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Table 22. Nucleotide substitutions of the 5’ non-coding region of the non-structural protein of SFV 

 

X04129_USA_1987 A T G G C G G A T G T G T G A C A T A C A C G A C G C C A A  [   30] 

ATH000510_KENYA_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [   30] 

AMH001859_KENYA_2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [   30] 

                                X04129_USA_1987 A A G A T T T T G T T C C A G C T C C T G C C A C C T C G G  [   60] 

ATH000510_KENYA_2012 . . . . . . C . . . . . . . . . . . . . . . . . . . . . C .  [   60] 

AMH001859_KENYA_2009 . . . . . . C . . . . . . . . . . . . . . . . . . . . . C .  [   60] 

                                X04129_USA_1987 C T A C G C G A G A G A T T A A C C A C C C A C G  [   85] 
     ATH000510_KENYA_2012 . . . . . . . . . . . . A . . . . . . . . . G . .  [   85] 

     AMH001859_KENYA_2009 . . . . . . . . . . . . A . . . . . . . . . G . .  [   85] 
      

Sequence alignment of the 5’ non-coding region of the non-structural protein of SFV  isolated in Kenya, reference strain (NC_003215) and 
HQ848388 (SFV AMH001859 strain isolated in Kenya). Region sequenced; position 1 to 85. Study isolate highlighted in red. 
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Table 23. Nucleotide sequence alignment of the 5’ non-coding region of WNV polyprotein gene 

 

NY99_USA_2005 A G T A G T T C G C C T G T G T G A G C T G A C A A A C T T  [   30] 

ATH002316_Kenya_2012 - - - . . . . . . . . . . . . . . . . . . . . . . . . . . .  [   30] 

                                NY99_USA_2005 A G T A G T G T T T G T G A G G A T T A A C A A C A A T T A  [   60] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [   60] 

                                NY99_USA_2005 A C A C A G T G C G A G C T G T T T C T T A G C A C G A A G  [   90] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [   90] 

                                NY99_USA_2005 A T C T C G  [   96] 
                        ATH002316_Kenya_2012 . . . . . .  [   96] 

                         
 
Sequence alignment of the 5’ non-coding region of WNV polyprotein gene WNV isolate (ATH002316) isolated in Kenya and the reference strain 
(NC_009942.1). Region sequenced; position 1 to 96. Study isolate highlighted in red. 
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 Table 24. Nucleotide sequence alignment of the 3’ non-coding region of WNV polyprotein gene 

 

NY99_USA_2005 A T A T T T A A T C A A T T G T A A A T A G A C A A T A T A 

 

[10428] 

ATH002316_Kenya_2012 . . . C . . T . . . . . . . . . . . . . . . . . . . . . . . 

 

[10428] 

                                
NY99_USA_2005 A G T A T G C A T A A A A G T G T A G T T T T A T A G T A G 

 
[10458] 

ATH002316_Kenya_2012 . . C . . . T . C . T . G . C A . . A G . . . . . . . . G . 
 
[10458] 

                                

NY99_USA_2005 T A T T T A G T G G T G T T A G T G T A A A T A G T T A A G 

 

[10488] 

ATH002316_Kenya_2012 C . . . . . A C . A . . . . . . . . . . . . . . . . . . . . 

 

[10488] 

                                
NY99_USA_2005 A A A A T T T T G A G G A G A A A G T C A G G C C G G G A A 

 
[10518] 

ATH002316_Kenya_2012 . . . . . . . . A . . . . . G . . . . . . . . . . . . A . . 

 

[10518] 

                                
NY99_USA_2005 G T T C C C G C C A C C G G A A G T T G A G T A G A C G G T 

 
[10548] 

ATH002316_Kenya_2012 T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
 
[10548] 

                                

NY99_USA_2005 G C T G C C T G C G A C T C A A C C C C A G G A G G A C T G 

 

[10578] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

 

[10578] 

                                
NY99_USA_2005 G G T G A A C A A A G C C G C G A A G T G A T C C A T G T A 

 
[10608] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
 
[10608] 

                                

NY99_USA_2005 A G C C C T C A G A A C C G T C T C G G A A G G A G G A C C 

 

[10638] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
 
[10638] 
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NY99_USA_2005 C C A C A T G T T G T A A C T T C A A A G C C C A A T G T C 

 

[10668] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

 

[10668] 

                                
NY99_USA_2005 A G A C C A C G C T A C G G C G T G C T A C T C T G C G G A 

 
[10698] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . C . . C . . . . . . . . . . 
 
[10698] 

                                

NY99_USA_2005 G A G T G C A G T C T G C G A T A G T G C C C C A G G A G G 

 

[10728] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

 

[10728] 

                                
NY99_USA_2005 A C T G G G T T A A C A A A G G C A A A C C A A C G C C C C 

 
[10758] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

 

[10758] 

                                
NY99_USA_2005 A C G C G G C C C T A G C C C C G G T A A T G G T G T T A A 

 
[10788] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . T . . . . . . . . . . . . . . 
 
[10788] 

                                

NY99_USA_2005 C C A G G G C G A A A G G A C T A G A G G T T A G A G G A G 

 

[10818] 

ATH002316_Kenya_2012 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

 

[10818] 

                                
NY99_USA_2005 A C C C C G C G G T T T A A A G T G C A C G G C C C A G C C 

 
[10848] 

ATH002316_Kenya_2012 . . . . . . . . . . . . G . . . . . . . . . . . . . . . . . 
 
[10848] 

                                NY99_USA_2005 T G G C T G A A G C T G T A G G T C A  [10867] 

           ATH002316_Kenya_2012 . . A . . . . . . . . . . . A . . . -  [10867] 
            

 
Sequence alignment of the 3’ non-coding region of WNV polyprotein gene WNV isolate (ATH002316) isolated in Kenya and the reference strain 
(NC_009942.1). Region sequenced; position 10,399 to 10,867. Study isolate highlighted in red.  
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Appendix F 

Semliki forest virus isolate ATH00510 nonfunctional nonstructural polyprotein gene, partial sequence; and structural polyprotein and 

truncated structural polyprotein genes, partial cds 

GenBank: KF283988.1 

ORIGIN       

        1 cggatgtgtg acatacacga cgccaaaaga ttctgttcca gctcctgcca cctccgctac 

       61 gcgagagaat aaccacccgc gatggccgcc aaagtgcatg ttgatattga ggctgacagc 

      121 ccattcatca agtctttgca gaaggcattt ccgtcgttcg aggtggagtc attgcaggtc 

      181 acaccaaatg accatgcaaa cgccagagca ttttcgcatc tggctaccaa attgattgag 

      241 caggagactg acaaagacac actcatcttg gatatcggca gtgcgccttc caggagaatg 

      301 atgtctacgc acaaatatca ctgcgtgtgc cctatgcgca gcgcagaaga ccccgaaagg 

      361 ctcgtatgct acgcaaagaa actggcagcg gcctccggga aggtgctgga tagagagatc 

      421 gcagggaaaa tcaccgacct gcagaccgtc atggcaacgc cagacgctga atctcctacc 

      481 ttttgtctgc atacagacgt cacatgtcgt aaggcagctg aagtggccgt ataccaggac 

      541 gtgtatgctg tacatgcacc gacatcgctg taccatcagg cgatgaaagg tgtcagaacg 

      601 gcgtattgga ttgggtttga caccaccccg tttatgtttg acgcgcttgc aggcgcgtat 

      661 ccaacctacg ccacaaactg ggccgacgag caggtgttac aggccaggaa cataggactg 

      721 tgtgcagcat ccttgactga gggaagactc ggcaaactgt ccattctccg caagaagcaa 

      781 ttgaaaccta gcgacacagt catgttctcg gtaggatcta cattgtacac tgagagcaga 

      841 aagctactga ggagctggca cttaccctcc gtattccacc tgaaagggaa acaatccttt 

      901 acctgtaggt gtgataccat cgtatcatgt gaagggtacg tagttaagaa aatcactatg 

      961 tgccccggcc tgtacggtaa aacggtaggg tacgccgtga cgcatcacgc ggagggattc 

     1021 ctagtgtgca agaccacaga cactgtcaag ggagaaagag tctcgttccc tgtatgcacc 

     1081 tacgtcccct caaccatctg cgatcaaatg actggtatcc tagcgaccga tgtcacaccg 

     1141 gaggacgcac agaagttgtt agtgggattg aatcagagga tagttgtgaa cggaagaaca 

     1201 cagcgaaaca ctaacacgat gaagaactat ctgcttccga ttgtggctgt cgcatttagc 

     1261 aagtgggcga gggaatacaa ggcagacctt gatgatgaaa aacctctggg tgtccgagag 

     1321 agatcactta cttgctgctg cttgtgggca tttaaaacaa agaaaatgca caccatgtac 

     1381 aagaaaccag acacccagac tatagtgaag gtgccttcag agttcaactc gttcgtcatc 

     1441 ccgagcctat ggtctacagg cctcgcaatc ccagtcagat cacgcattaa gatgcttttg 

     1501 gccaagaaga ccaagcgaga gttaatacct gctctcgacg cgtcgtcagc cagggatgct 
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     1561 gagcaagagg agaaggagag gttggaggcc gagctgacta gagaagccct accacccctc 

     1621 atccccatcg cgccggcgga gacgggagtc gtcgacgtcg acgttgaaga actagagtat 

     1681 cgcgcaggtg caggggtcgt ggaaacacct cgcagcgcgt tgaaagtcac cgcacagccg 

     1741 aacgacgtac tactaggaaa ttacgtagtt ctgtccccgc agaccgtgct caagagctcc 

     1801 aagctggccc ccgtgcaccc tctagcagag caggtgaaaa taataacaca caacgggagg 

     1861 gctggccgtt accaggtcga cggatacgac ggcagggtcc tactaccatg tggatcagcc 

     1921 attccggtcc ctgagttcca agctttgagc gagagcgcca ctatggtgta caacgaaagg 

     1981 gagttcgtca acaggaaact ataccatatt gccgttcacg gaccgtcgtt gaacaccgac 

     2041 gaggagaact acgagaaagt cagagctgaa agaactgacg ccgagtacgt gttcgacgta 

     2101 gacaaaaaat gctgcatcaa gagagaggaa gcgtcgggtt tggtgttggt gggagagcta 

     2161 accaaccccc cgttccatga attcgcctac gaagggctga agatcaggcc gtcggcaccg 

     2221 tataagacta cagtagttgg agtctttggg gttccgggat caggcaagtc tgctattatc 

     2281 aagagcctcg tgaccaaaca cgatctggtc accagtggca agaaggagaa ttgccaggaa 

     2341 atagtcaacg acgtgaagaa gcaccgcgga ctggacatcc aggcaaaaac agtggactcc 

     2401 atcctgctaa acgggtgtcg tcgcgccgtg gatatcctat atgtggacga ggctttcgct 

     2461 tgccattccg gtactctgct ggccctaatt gctcttgtca aacctcggag caaagtggtg 

     2521 ctatgcggag accccaagca atgcggattc ttcaatatga tgcagcttaa ggtgaacttc 

     2581 aaccacaaca tctgcactga agtatgtcac aaaagtatat ccagacgttg cacgcgtcca 

     2641 gtcacggcca tcgtgtctac gttgcattac ggaggcaaga tgcgcacgac caacccgtgc 

     2701 aataaaccca taatcataga tactacagga cagaccaagc ccaagccagg agacattgtg 

     2761 ttaacatgct tccgaggctg ggtaaagcag ctgcagttgg actaccgtgg acacgaagtc 

     2821 atgacagcag cagcatccca gggcctcact cgcaaagggg tatacgccgt gaggcagaag 

     2881 gtgaatgaaa atcccttgta tgcccctgcg tcggagcacg tgaacgtact gctgacgcgc 

     2941 actgaggata ggctggtgtg gaaaacgcta gccggcgatc cctggattaa ggtcctatca 

     3001 aacattccac agggtaactt tacggccaca ttggaagaat ggcaagaaga acacgacaaa 

     3061 ataatgaagg tgattgaagg accggccgcg cctgtggacg cgttccagaa caaagcgaac 

     3121 gtgtgttggg cgaaaagcct ggtgcctgtc ctggacactg ccgggatcag attgacagca 

     3181 gaggagtgga gtactataat tacagcattt aaggaggaca gagcttactc tccagaggtg 

     3241 gccttaaatg aaatttgcac caagtactac ggagtcgact tggacagtgg cctgttttcc 

     3301 gccccgaagg tgtccctgta ttacgagaac aaccattggg ataacagacc aggtggaagg 

     3361 atgtatggat tcaacgccgc aacagctgcc aggctggaag ctagacatac cttcctgaag 

     3421 gggcagtggc atacgggcaa gcaggcagta atcgcagaaa gaaaaatcca accgctttct 

     3481 gtgatggaca acgtgattcc catcaaccgc aggctaccgc acgccctggt ggctgagtac 

     3541 aagacggtta aaggcagtag ggttgagtgg ctggtcaata aagtaagagg gtaccacgtc 

     3601 ctgctggtga gcgagtacaa cctggctttg cctcgacgca gggtcacttg gctgtcaccg 

     3661 ctgaatgtca caggtgccga taggtgctac gacctaagtt taggactgcc agctgacgcc 

     3721 ggcagattcg acttggtctt tgtaaacatt cacacggaat ttaggatcca ccattaccag 

     3781 cagtgtgtcg accacgccat gaagctgcag atgctcgggg gagacgcatt acgactgcta 
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     3841 aaacccggcg gcaacctctt gatgagagct tacggatacg ccgacaaaat cagcgaagcc 

     3901 gttgtttcct ccttaagcag aaagttctcg tctgcaagag tattgcgccc ggattgtgtc 

     3961 accagcaata cagaagtgtt cttgctgttc tccaactttg acaacggaaa gagaccctct 

     4021 acgctacacc agatgaatac caagctgagt gccgtgtatg ctggagaagc catgcacaca 

     4081 gccgggtgcg caccatccta cagagttaag agagcagaca tagccacgtg tacagaagcg 

     4141 gctgtggtta acgcagctaa cgcccgtgga actgtagggg acggtgtatg cagggccgtg 

     4201 gcgaagaaat ggccgtcagc ctttaaggga gcagcaacac cagtgggcac aattaaaacg 

     4261 gtcatgtgcg gctcgtatcc cgtcatccat gccgtagggc ctaatttctc tgcaacgact 

     4321 gaagcggaag gggaccgcga attggccgct gtctatcggg cagtggccgc cgaagtaaac 

     4381 agactgtcat tgagcagcgt agccatcccg ctgctgtcca caggagtgtt cagcggcgga 

     4441 agagataggc tgcagcagtc cctcaaccat ctattcacag caatggacgc cacggacgct 

     4501 gacgtgacca tctactgcag agacaaaagt tgggagaaga aaatccagga agccatagac 

     4561 atgaggacgg ctgtggagtt gctcaatgat gacgtggagc tgaccacaga cttggtgaga 

     4621 gtgcacccgg atagcagcct ggtgggtcgt aagggctaca gtaccactga cgggtctctg 

     4681 tactcgtact tggaaggtac gaaattcaac caggctgcca ttgacatggc agagatactg 

     4741 acgttgtggc ccagattgca ggaggcaaac gaacagatat gcctatacgc actgggagaa 

     4801 acaatggaca acatcagatc caaatgtccg gtggacgatt ccgattcatc aacacctccc 

     4861 aggacagtgc cctgcctgtg ccgctacgca atgacagcag aacggattgc ccgccttagg 

     4921 tcacaccaag ttaaaagcat ggtggtttgc tcatcttttc ccctcccaaa ataccatgtc 

     4981 gatggggtgc agaaggtaaa atgcgagaag gttctcctgt tcgacccgac agtaccttca 

     5041 gtggttagtc cgcggaagta tgccgcatcg acgacggacc actcagaccg gtcgctgcga 

     5101 gggttcgact tggactggac caccgactcg tcttcgactg ctagcgatac catgtcgcta 

     5161 cccagcttgc agtcgtgtga catcgactcg atctacgagc caatggctcc tgtagtagtg 

     5221 acggccgacg tgcaccctga acccgcaggc attgcggacc tggcggcagc tgacgtgcat 

     5281 cctgaacccg cagaccatgc ggaccttgag agcccgattc ctccaccgcg cccgaagaga 

     5341 gctgcatacc ttgcctcccg cgcggcggag cgaccagtgc cggcgccgag aaaaccgacg 

     5401 cctgccccaa ggactacgtt taggaacaag ctgcctttga cgttcggcga ctttgacgag 

     5461 cacgaggtcg atgtgttggc ctccgggatt actttcggag acttcgacga tgtcctgtga 

     5521 ctaggccgcg cgggtgcata tatcttctcc tcggacactg gcagcggaca tttacaacaa 

     5581 aaatccgtta ggcagcacaa tctccagtgc gcgcaactgg atgcggtcga ggaggagaag 

     5641 atgtacccgc cgaaattgga cactgaaagg gagaagctgt tgctactgaa aatgcagatg 

     5701 cacccgtcgg aggctaataa gagtcgatac cagtctcgca aagtggagaa catgaaagcc 

     5761 acggtggtgg acaggctcac atcgggggcc agattgtaca cgggagcgga cgtaggccgc 

     5821 ataccaacat acgcggttcg gtatccccgc cccgtatatt cccctaccgt gatcgaaaga 

     5881 ttctcaagcc ccgatgtagc aatcgcagcg tgtaacgaat acctatccag aaattaccca 

     5941 acggtggcgt cgtaccaaat aacagatgaa tacgacgcat acctggatat ggttgacggg 

     6001 tcggagagtt gcttggacag agcgacattc tgcccggcta agctccggtg ttacccgaaa 

     6061 catcatgcgt accaccagcc gactgtacgc agtgccgtcc cgtcaccctt tcagaacaca 
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     6121 ctacagaacg tgctggcggc cgctaccaag agaaactgca acgtcacgca aatgcgagaa 

     6181 ctgcccacta tggactcggc agtgttcaat gtggagtgct tcaagcgata tgcctgctcc 

     6241 ggagaatatt gggaagaata cgctaaacaa cctatccgga taaccactga gaacatcact 

     6301 acctatgtaa ccaaactgaa aggcccgaaa gctgccgcct tgtttgctaa gacccataac 

     6361 ttggttccgc tgcaggaggt tcccatggac agattcacgg tcgacatgaa acgagatgtc 

     6421 aaagtcaccc cagggacgaa acacacagag gaaagaccca aagtccaggt aattcaagca 

     6481 gcggagccat tggcgaccgc ttacttgtgt ggcatccaca gggaattagt aaggaggtta 

     6541 aatgctgtgt tacgccctaa cgtgcacaca ttgtttgata tgtcggccga agacttcgac 

     6601 gcaatcatcg cctctcactt ccacccagga gacccggttc tagagacgga cattgcatca 

     6661 ttcgacaaaa gccaggatga ctccttggct cttacaggtc taatgatcct cgaagatcta 

     6721 ggggtggatc agtacctgct agacttgatc gaggcagcct ttggggaaat atccagctgt 

     6781 cacctaccaa ctggcacgcg cttcaagttc ggagctatga tgaaatcagg catgtttctg 

     6841 actttgttta ttaacactgt tttgaacatc accatagcaa gcagggtact ggagcagaga 

     6901 ctcactgact ccgcctgtgc ggccttcatc ggcgatgaca atatcgttca cggagtgatc 

     6961 tccgacaagc tgttggcgga gaggtgcgcg tcgtgggtca acatggaggt gaagatcatt 

     7021 gacgctgtca tgggcgaaaa acccccatat ttttgtgggg gattcatagt ttttgacagc 

     7081 gtcacacaga ccgcctgccg tgtttcagac ccactcaaac gcctgttcaa gttgggtaag 

     7141 ccgctaacag ctgaagacaa gcaggacgaa gacaggcgac gagcactgag cgacgaggtc 

     7201 agcaagtggt tcaggacagg cttgggggcc gaactggagg tggcactaac atctaggtat 

     7261 gaggtagagg gctgcaagag tatcctcata gccatggcca ccctggcaag ggacattaag 

     7321 gcgtttaaga gattgagagg acctgttata cacctctacg gcggtcctaa attggtgcgt 

          [gap 107 bp]    Expand Ns 

     7488                                                    tgg ccgttgcagg 

     7501 ccactccggt ggcacccgtc gtccccgact tccaggccca gcagatgcag caactcatca 

     7561 gcgccgtaaa tgcgctgaca atgagacaga acgcaattgc tcctgctagg cctcccaaac 

     7621 caaagaagaa gaagacgacc aaaccaaagc cgaaaacgca gcccaagaag agcaaaggaa 

     7681 aaacgcagca gcaaaagaag aaagacaagc aagccgacaa gaagaagaag aaacccggaa 

     7741 aaagagaacg aatgtgcatg aagattgaaa acgactgtat cttcgaggtc aaatacgaag 

     7801 gaaaggtcac tgggtacgcc tgcctggtgg gtgataaagt catgaaacct gcccacgtga 

     7861 aaggagtcat cgacaatgcg gacctggcaa aactagcttt caagaaatcg agcaagtatg 

     7921 accttgagtg tgcccagata ccagttcaca tgaggtcgga tgcttcgaag tacacgcatg 

     7981 agaagcccga ggggcactat aactggcacc acggggctgt tcagtacagc ggaggcaggt 

     8041 tcactatacc gacaggagcg ggcaaaccgg gagacagtgg ccggcccatc tttgacaaca 

     8101 aggggagggt ggtcgctatc gtcctgggcg gggccaacga gggctcacgc acagcactgt 

     8161 cggtggtcac ctggaacaaa gatatggtga ctagagtgac cccagagggg tccgaagagt 

     8221 ggtccgcccc gctgattact gccatgtgtg tcctcgccaa tgctactttc ccgtgcttcc 

     8281 agcccccgtg tgcaccttgc tgctacgaaa acaatgcaga ggccacacta cggatgctcg 

     8341 aggacaacgt ggacaggcca gggtattatg acctccttca ggcagccttg acgtgccgaa 
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     8401 acggaacaag acaccggcgc agcgtgtcgc aacacttcaa cgtgtataag gccacacgcc 

     8461 cttacatcgc gtactgcgcc gactgcggag cagggcactc gtgtcacagc cccgtagcaa 

     8521 tcgaagcgat caggtccgag gctaccgacg ggatgctgaa gattcagttc tcggcacaaa 

     8581 ttggcataga taagagtgac aatcatgact acacgaagat aaggtacgca gacgggcacg 

     8641 ccatagagaa tgccgtccgg tcatctttga aggtagccac ctccggagat tgtttcgtcc 

     8701 atggcacaat gggacatttc atactggcaa cgtgcccacc gggtgaattt ctacaggttt 

     8761 cgatccagga cactagaaat gcggtccgtg cctgcagaat acaataccat catgaccctc 

     8821 aaccggtggg gagagaaaaa tttacaatta gaccacacta tggaaaagag atcccttgca 

     8881 ccacttatca gcaaaccaca gcggagaccg tggaggaaat cgacatgcat atgccgccag 

     8941 atacgccgga caggacgttg ctatcacagc aatctggcaa cgtaaagatc acagtcggag 

     9001 gaaagaaggt gaaatacaac tgcacctgtg gaaccggaaa cgtcggcact actaattcgg 

     9061 acaagacgat caacgcgtgt ctaatagagc agtgccacgt ctcagtgaca gaccataaga 

     9121 aatggcagtt taactcacct tttgtcccga gagccgacga accggctaga aaaggcaaag 

     9181 tccatattcc gttcccgttg gacaacatca catgcagagt cccaatggcg cgcgaaccaa 

     9241 ccgtcatcca cggcaaaaga gaagtgacac tgcaccttca cccagatcat cccacgctct 

     9301 tctcctaccg cacactgggt gaggacccac agtatcacga ggaatgggtg acagcggcgg 

     9361 tggaacggac catacccgta ccagtggaag ggatggagta ccactgggga aacaacgacc 

     9421 cagtgaggct ttggtctcaa ctcactactg aagggaaacc gcacggctgg ccgcatcaga 

     9481 tcgtacagta ctactatggg ctttacccgg ccgctacagt atccgcggtc gccgggatga 

     9541 gcttactggc gttgatatcg atcttcgcat cgtgctacat gctggctgcg gcccgcagca 

     9601 agtgtttgac cccttatgct ttaacaccag gagctgcagt tccgtggacg ctggggatac 

     9661 tctgttgcgc cccacgggcg catgcagcca gtgtggcaga gactatggcc tacttgtggg 

     9721 accaaaacca agcgctgttc tggttggagt ttgcagcccc tgttgcctgc atcctcatca 

     9781 tcacgtattg cctcagaaac gtgctgtgtt gctgtaagag cctttctttt ttagtgctac 

     9841 tgagcctcgg ggccaccgcc agagcttacg aacattcgac agtaatgccg aacgtggtgg 

     9901 ggttcccgta taaggctcac attgaaaggc caggatatag ccccctcact ttgcagatgc 

     9961 aggttgtgga gaccagcctt gaaccaaccc ttaatttgga atacataacc tgtgagtaca 

    10021 agacggtcgt cccgtcgccg tacgtgaagt gctgtggcac ctcagagtgc tccactaaag 

    10081 agaagcctga ctaccaatgc aaggtttaca caggcgtgta cccatttatg tggggagggg 

    10141 cttattgctt ttgcgactca gaaaacacgc aactcagcga agcgtacgtc gatcgatcgg 

    10201 acgtatgcaa gcatgatcac gcatctgctt acaaagccca cacagcatcg ctgaaggcca 

    10261 aagtgagggt tatgtacggc aacgtaaacc agaccgtgga tgtttacgtg aacggagacc 

    10321 atgccgtcac gatagggggt actcagttca tattcgggcc gttgtcatcg gcctggacgc 

    10381 cgttcgacaa caagataatc gtgtacaaag acgaagtgtt caatcaggac ttcccgccgt 

    10441 atggatctgg gcaaccaggg cgcttcggcg acatccaaag cagaacagtg gagagtaatg 

    10501 acctgtacgc gaacacggca ctgaagctgg cacgcccttc acccggcacg gtccatgtac 

    10561 cttacacaca gacaccttca gggttcaaat attggctaaa ggaaaaaggg acagccctaa 

    10621 atacgaaggc tccttttggc tgccaaatca aaacgaaccc tgtcagggcc atgaactgcg 
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    10681 ccgtgggaaa catccctgtc tccatgaatt tgcctgacag cgcctttact cgcattgtcg 

    10741 aggcaccgac catcactgac ctgacttgca cagtggctac ctgtacgcac tcctcggatt 

    10801 tcggcggcgt cttgacattg acgtacaaga ccgacaagaa cggggactgc tctgtacact 

    10861 cgcactctaa tgtagctact ctgcaggagg ccacagcaaa agtgaagaca gcaggcaagg 

    10921 tgaccttaca cttctccaca gcaagcgcat caccttcttt tgtggtgtcg ctatgcagtg 

    10981 ccaaggccac ctgttcagcg tcgtgtgagc ccccgaaaga tcacatagtc ccatatgcgg 

    11041 ctagccacag taacgtagtg ttcccagaca tgtcgggcac cgcattatca tgggtgcaga 

    11101 aaatctcggg tggtctgggg gccttcgcaa tcggcgctat tctggtgcta gttgtggtca 

    11161 cttgcattgg gctccgcaga taatgagggt aggcaatggc attgatatag caagaaaatt 

    11221 gaaaacagaa gaagttaggg taagcaatgg cattaaccat aactatataa cttataataa 

    11281 agcgcaacaa gacctgcgca atcggcctcg tgatccgctt cacggaaact cggggcaact 

    11341 catattgaca cattaattgg caataattgg aagcttacat aagcttaatt cgacgaataa 

    11401 ttggattttt attttatttt gcaattggt 

// 
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West Nile virus isolate ATH002316, partial genome 

GenBank: KC243146.1 

ORIGIN       

        1 agttcgcctg tgtgagctga caaacttagt agtgtttgtg aggattaaca acaattaaca 

       61 cagtgcgagc tgtttcttag cacgaagatc tcgatgtcta agaaaccagg agggcccggc 

      121 aagagccggg ctgtcaatat gctaaaacgc ggtatgcccc gcgtgttgtc cttgattgga 

      181 ctgaagaggg caatgttgag cctgatcgac ggcaaggggc caatacgatt cgtgttggct 

      241 ctcttggcgt tcttcaggtt cacagcaatt gctccgaccc gagcagtgct ggatcgatgg 

      301 agaggtgtga acaaacaaac agcgatgaaa caccttctga gttttaagaa agaactaggg 

      361 accttgacca gcgctatcaa tcggcggagc tcaaaacaaa agaaaagagg aggaaatacc 

      421 ggaattgcag tcatgattgg cctgatcgcc agcgtaggag cagttaccct ctctaacttc 

      481 caagggaaag ttatgatgac ggtaaatgct actgacgtca cagatgtcat cacgattcca 

      541 acagctgctg gaaagaacct atgcattgtc agagcaatgg atgtgggata catgtgtgat 

      601 gacactatca catatgaatg cccagtgctg tcggccggta atgatccaga agacatcgac 

      661 tgttggtgca caaagtcagc agtctacgtc aggtatggaa gatgcaccaa gacacgccac 

      721 tcaagacgca gtcggaggtc actgacagtg cagacacacg gagaaagcac tctagcgaac 

      781 aaaaaggggg cttggatgga cagcaccaag gctacaaggt atctggtaaa aacagaatca 

      841 tggatcttga ggaaccctgg atatgccctg gtggcagctg tcattggttg gatgcttgga 

      901 agcaacacca tgcagcgagt tgtgtttgtc gtgctgttgc tcttggtggc tccagcctac 

      961 agcttcaact gccttggaat gagcaacaga gacttcttgg agggagtatc tggagcaaca 

     1021 tgggtggatt tggttctcga aggcgacagc tgcgtgacta tcatgtctaa ggacaagcct 

     1081 accattgatg tgaagatgat gaatatggag gcagccaacc tggcagaggt ccgcagttat 

     1141 tgctatttgg ctaccgtcag cgatctctcc actaaagctg catgcccgac catgggagaa 

     1201 gctcacaatg acaaacgtgc tgacccagct tttgtgtgca gacaaggagt ggtggatagg 

     1261 ggctggggca acggctgcgg actatttggc aaaggaagca ttgacacatg cgccaaattc 

     1321 gcctgctcca ccaaggcaac aggaagaacc atcttgaaag agaatatcaa gtatgaagtg 

     1381 gccatctttg tccatggacc aaccactgtg gagtcgcatg gaaactactc cacacagatt 

     1441 ggggccactc aggcagggag attcagcatc actcctgcgg ctccctcata cacactaaag 

     1501 cttggagaat atggagaagt gacagtggac tgtgaaccac ggtcagggat tgacaccaat 

     1561 gcttactacg tgatgactgt tggaacaaag acgtttttgg tccatcgtga gtggttcatg 

     1621 gacctcaacc tcccttggag cagtgctgga agcactgtgt ggaggaacag agagacgtta 

     1681 atggagtttg aggaaccaca cgccacaaag cagtctgtga tagcattggg ctcacaaggt 

     1741 gggagatcgt gcatcaagct ttggctggag ccatccctgt ggatttcaag caacactgtc 

     1801 aagttgacgt cgggtcattt gaagtgtaga gtgaagatgg aaaaattgca gttgaaggga 

     1861 caacctacgg cgtctnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnca gtcacagtca 

     1921 cggcactgtg gtgttggaac tgcagtacac tggcacggat ggaccttgca aagttcccat 
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     1981 ctcgtcagtg gcttcattga acgacctaac accagtgggc agattggtca ctgtcaaccc 

     2041 ttttgtttca gtgtccacgg ccaatgccaa ggtcctgatt gaattggaac cacccttcgg 

     2101 agactcatac atagtggtgg gcagaggaga acaacagatc aatcaccatt ggcataagtc 

     2161 tggaagcagc attggcaaag cctttacaac cactctcaaa ggggcgcaga gattagccgc 

     2221 tctaggagac acagcttggg actttggatc agttggaggg gtgttcacct cagtagggaa 

     2281 ggctgttcat caagtgttcg gtggagcatt ccgctcactg ttcggaggta tgtcctggat 

     2341 aacgcaggga ttgctggggg ctcttctgtt gtggatgggc atcaacgctc gtgacaggtc 

     2401 catagctctc acgtttctcg cagttggagg agtcctgctc ttcctctccg tgaatgtgca 

     2461 cgctgacact gggtgtgcca tagacatcag ccggcaagag ctgagatgtg gaagtggagt 

     2521 gttcatacac aatgatgtgg aggcttggat ggaccgatac aagtactacc ctgaaacgcc 

     2581 acaaggccta gccaagatca ttcaaaaagc ccataaggaa ggagtgtgcg gtctacggtc 

     2641 agtttccaga ctggagcatc aaatgtggga atcagtgaag gacgagctga acactctttt 

     2701 gaaagagaat ggtgtggacc ttagtgtcgt ggttgagaaa caggagggaa tgtataagtc 

     2761 ggcacctaaa cgtctcaccg ccaccacgga aaaattggaa attggctgga aggcctgggg 

     2821 aaagagcatc ctatttgcac cagaacttgc caacaacacc tttgtggttg atggtccgga 

     2881 gaccaaggaa tgcccaactc agaatcgcgc ttggaatagc ttggaagtgg aggattttgg 

     2941 atttggtctc accagtactc ggatgttcct aaaggtcaga gagagcaaca caactgagtg 

     3001 tgactcgaag atcatcggaa cggccgtcaa gaacaacttg gcgatccaca gtgacctgtc 

     3061 ctattggatt gaaagccggc tcaatgatac gtggaagctt gaaagggcgg ttctgggtga 

     3121 agtcaaatca tgcacgtggc ctgagacgca caccttgtgg ggcgatggaa tcctcgagag 

     3181 tgacctgata ataccagtca cactggcggg accacgaagc aaccacaatc ggagacctgg 

     3241 gtacaagaca caaaaccagg ggccatggga cgaaggtcgg gtagagattg atttcgatta 

     3301 ctgcccaggg accacggtca ccctgagtga gagctgcgga caccgtggac ctgccactcg 

     3361 caccaccaca gagagcggaa agttgatagc agattggtgc tgcaggagct gcaccttacc 

     3421 accattgcgc taccagacgg acagcggctg ttggtatggc atggagatta gaccacagag 

     3481 acatgatgaa aagacccttg tgcagtcaca agtgaatgct tacaatgctg acatgattga 

     3541 cccttttcag ttgggccttc tggtcgtgtt cttggccacc caggaggtcc ttcgcaagag 

     3601 gtggacagcc aagatcagca tgccagctat actgattgct ctgctagtcc tggtgtttgg 

     3661 gggcattacc tacactgatg tgttgcgcta tgtcatcttg gtgggagcgg ccttcgcaga 

     3721 atctaattcg ggaggagacg tggtacactt ggcgcttatg gcgaccttta agatacagcc 

     3781 agtgtttatg gtggcatcgt ttctcaaagc gagatggacc aaccaggaga acatcttgtt 

     3841 gatgatggcg gctgttttct tccaaatggc ttaccacgat gcccgnnnnn nnnnnnnnnn 

     3901 nnnnnnnnnn nnngtgttga attcactggc agtagcttgg atgatattga gagccataac 

     3961 attcacaacg acatcaaacg tcgttgttcc gttgctggcc ctgctaacac ccgggctgag 

     4021 atgcttgaat ctggatgtgt acagatcctg ctgttgatgg tcggaatagg cagtttgatc 

     4081 agggagaaga gaagtgcagc tgcaaaaaag aaaggagcaa gtctgttatg cttggctcta 

     4141 gcctcaacag gacttttcaa ccccatgatc cttgccgctg gactgattgc atgtgatccc 

     4201 aaccgtaaac gcgggtggcc cgcaactgaa gtgatgactg ctgtcggctt gatgtttgcc 
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     4261 attgtcggag ggctggcaga gcttgacatt gactccatgg ccattccaat gactatcgcg 

     4321 gggctcatgt ttgctgcttt cgtgatttct gggaaatcaa cagacatgtg gatcgagagg 

     4381 acggcggaca tctcctggga aagtgatgca gaaatcacag gctcgagcga aagagttgat 

     4441 gtgcggcttg atgatgatgg aaacttccag ctcatgaatg atccaggagc accttggaaa 

     4501 atatggatgc tcagaatggc ctgcctcgcg attagtgcgt acaccccttg ggctatcctg 

     4561 ccctcagtag ttggattttg gataactctc caatacacaa agagaggagg cgtgctgtgg 

     4621 gacacccctt caccaaagga gtacaaaaag ggggacacga ccaccggagt ctacaggatc 

     4681 atgactcgtg ggctgctcgg cagttatcaa gcaggagcgg gcgtgatggt tgaaggcgtt 

     4741 ttccacactc tttggcatac aacaaaagga gccgctttga tgagcggaga aggccgcctg 

     4801 gacccatact ggggtagtgt caaggaggac cgactttgtt acggaggacc ctggaaattg 

     4861 cagcataagt ggaacgggca ggatgaggtg cagatgattg tggtggaacc tggcaagaac 

     4921 gtcaaaaacg tccagacgaa accaggggtg ttcaaaacac ctgaaggaga aattggggcc 

     4981 gtgactttgg acttccccac tggaacatca ggctcaccaa tagtggacaa aaacggtgat 

     5041 gtgatcgggc tctatggcaa tggagtcata atgcccaacg gctcatacat aagcgcgata 

     5101 gtgcagggtg aaaggatgga tgagccaatc ccagccggat tcgaacctga gatgctgagg 

     5161 aaaaaacaga tcactgttct ggatcttcat cctggtgccg gtaaaacaag gaggattctg 

     5221 ccacagatca tcaaagaggc cataaataga agactgagaa cagccgtgct agcaccaact 

     5281 agggttgtgg ctgctgagat ggctgaagcc ctgagaggac tgcctatccg gtatcagaca 

     5341 tctgcagtga ccagagaaca caatggaaat gagattgttg atgtcatgtg ccatgccacc 

     5401 ctcactcaca ggctgatgtc tcctcacagg gtgcctaact acaatctgtt tgtgatggat 

     5461 gaggctcatt tcaccgatcc agctagcatt gcagcaagag gttatatttc cacaaaggtc 

     5521 gagctggggg aggcggcggc aatattcatg acagccaccc caccaggcac ttcagatcca 

     5581 ttcccagagt ccaattcacc tatttctgac ttgcagactg agatcccgga tcgggcctgg 

     5641 aattctggat acgaatggat cacagagtac atcgggaaga cggtttggtt tgtgcctagt 

     5701 gtgaaaatgg ggaatgagat tgccctttgt ttacaacgtg ccggaaagaa agtagtccaa 

     5761 ttgaacagaa agtcgtatga gacggagtac ccaaaatgca agaacgatga ttgggacttt 

     5821 gttatcacaa cagacatatc tgaaatgggg gctaacttca aggcgagcag ggtgatcgat 

     5881 agtcggaaga gcgtgaagcc aaccatcata acagaaggag aagggagagt gatcctggga 

     5941 gaaccatctg cagtgacggc agctagtgcc gcccagagac gtggacgcat cggtagaaat 

     6001 ccgtcgcaag ttggtgatga gtactgttat ggagggcaca cgaatgaaga cgactcgaac 

     6061 ttcgcccatt ggactgaggc acgaatcatg ctggacaaca tcaacatgcc aaacggactg 

     6121 atcgctcaat tctaccaacc agagcgtgag aaggtataca ccatggatgg ggaataccgg 

     6181 ctcagaggag aagagaggaa aaacttcctg gaattgttga ggactgcaga tctgccagtt 

     6241 tggctggctt acaaggtggc agcggctgga gtgtcatacc acgatcggag gtggtgtttt 

     6301 gatggcccta ggacaaacac gattttagaa gacaacaacg aagtggaagt catcacaaag 

     6361 cttggtgaaa ggaagattct gaggcctcgc tggattgacg ctagggtgta ctcggaccac 

     6421 caggcactaa aggcgttcaa ggactttgct tcgggaaagc gttcccagat agggctcatt 

     6481 gaggtcctgg gaaagatgcc tgagcatttc atggggaaga catgggaagc actcgacacc 
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     6541 atgtacgttg tggccactgc agagaaagga ggaagagctc acagaatggc cctggaggag 

     6601 ctgccggatg ctctccagac aattgccttg attgccttat tgagtgtgat gaccatggga 

     6661 gtattctttc tcctcatgca gcgaaagggc attggaaaga taggtttggg aggcgttgtc 

     6721 ttgggagtcg cgaccttctt ctgttggatg gctgaagttc caggaacgaa gattgccgga 

     6781 atgttgctac tttcccttct cttgatgatt gtgctaattc ctgagccaga gaagcaacgt 

     6841 tcgcagacag acaaccagct agccgtgttt ctgatttgtg ttatgaccct tgtgagcgca 

     6901 gtggcagcca acgaaatggg ttggctagat aagaccaaga gtgacataag cagtttgttc 

     6961 gggcaaagaa ttgaggtcaa ggagaatttc agtatgggag agtttcttct ggacttgaga 

     7021 ccggcaacag cctggtcact gtacgctgtg accacagcgg tcctcactcc actgctaaag 

     7081 catctgatca cgtcagatta cattaacact tcattgacct caatcaatgt tcaagcaagt 

     7141 gcattattca cactcgcgcg aggcttcccc ttcgtcgatg ttggagtgtc agctctcttg 

     7201 cagcagccgg atcgtgactg ggacaagtca ccctcaccgt gacggtgaca gcggcaacac 

     7261 tcctgttctg ccactatgcc tacatggttc ccggatggca ggctgaggca atgcgctcag 

     7321 cccagcgacg gacagcggct ggaatcatga aaaacgctgt agtggatggc atcgtggcca 

     7381 cggacgtccc agaattagag cgcaccacac ccatcatgca gaagaaagtc ggacaaatca 

     7441 tgctgatctt ggtgtctcta gctgcagtgg tagtgaaccc gtctgtgaag acagtgcgag 

     7501 aagctggaat cttgatcacg gcagcagcgg tgacgctttg ggagaatgga gcaagctctg 

     7561 tttggaacgc aacaaccgcc atcggactct gccacatcat gcgtgggggt tggttgtcat 

     7621 gcctatccat aacatggaca ctcataaaga acatggacaa accaggacta aaaagaggtg 

     7681 gggcaaaagg acgcaccttg ggagaggttt ggaaagaaag actcaaccag atgacaaaag 

     7741 aggagttcac taggtaccgc aaagaggcca tcatcgaagt cgatcgctca gcagcaaaac 

     7801 atgccaggaa agaaggcaat gtcaccggag ggcatccagt ctcgagaggc acagcaaaac 

     7861 tgagatggct ggtcgaacgg aggtttctcg aaccggtcgg aaaagtgatt gaccttggat 

     7921 gtggaagagg cggttggtgt tactatatgg caacccaaaa gagagtccaa gaagtcagag 

     7981 ggtacacaaa gggcggtccc ggacatgaag agccccaact agtgcaaagt tatggatgga 

     8041 atattgtcac catgaagagt ggagtggatg tgttctacag accttctgag tgttgtgata 

     8101 ctctcctttg tgacatcgga gaatcttcgt caagtgctga ggttgaagag cataggacga 

     8161 ttcgggtcct tgaaatggtt gaggactggc tgcaccgagg gccaagggaa ttttgtgtga 

     8221 aggtgctctg cccctacatg ccaaaagtca tagagaagat ggagctactc cagcgccggt 

     8281 atgggggagg actggtcaga aacccactct cgcggaattc cacgcatgag atgtactggg 

     8341 taagccgagc ttcaggcaat gtggtacact cagtgaacat gactagccaa gtgcttctgg 

     8401 gaaggatgga gaagaggacc tggaagggac cccaatacga ggaagatgta aacttgggaa 

     8461 gtggaactag ggcggtgggg aaacccctac tcaactcaga caccagtaaa atcaagaaca 

     8521 ggattgaacg actcaggcgt gagtacagtt caacgtggca ccacgatgag aaccacccat 

     8581 atagaacctg gaactatcac ggcagttatg acgtgaagcc cacaggctcc gctagttcgc 

     8641 tggttaatgg agtagttagg ctcctctcaa aaccatggga caccatcacg aatgtcacca 

     8701 ccatggccat gactgacaca actcccttcg gacagcagcg ggtgttcaaa gagaaggtgg 

     8761 acacgaaagc tcctgaaccg ccagaaggag tgaagtatgt gctcaatgaa accaccaatt 
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     8821 ggttgtgggc gtttctggcc agagaaaaac gtcccagaat gtgctctcga gaggaattca 

     8881 taagaaaggt caacagcaat gcagctttgg gtgccatgtt tgaagaacag aatcaatgga 

     8941 ggagcgccag agaagcagtt gaagacccaa agttttggga gatggtagat gaggagcgag 

     9001 aggcacacct gcggggggaa tgtcacactt gcatctacaa catgatggga aagagagaga 

     9061 aaaaacccgg agagttcgga aaggccaagg gaagcagagc catatggttc atgtggctcg 

     9121 gagctcgctt tctggagttc gaagctctgg gatttctcaa tgaagatcac tggcttggaa 

     9181 gaaagaactc aggaggaggt gtcgagggct tgggcctcca aaaactgggt tacatcctgc 

     9241 gtgaagttgg cacccgacct gggggcaaga tctatgctga cgacacagct ggctgggaca 

     9301 cccgcatcac gagagctgac ttggaaaatg aagctaaggt gcttgagctg cttgatgggg 

     9361 aacatcggcg tcttgccagg gccatcattg agctcaccta tcgtcacaaa gttgtgaaag 

     9421 tgatgcgccc agctgctgat ggaagaactg tcatggatgt catctccaga gaagatcaga 

     9481 gggggagcgg acaagttgtc acctacgccc taaacacttt caccaacctg gccgtccagc 

     9541 tggtgaggat gatggaaggg gaaggagtga ttggcccaga tgatgtggag aaactcacaa 

     9601 aggggaaggg acccaaagtc aggacctggc tgtttgagaa cggggaagag agactcagcc 

     9661 gcatggctgt cagcggagat gactgtgtgg taaagcctct ggatgatcgc tttgccactt 

     9721 cgctccactt tctcaacgcc atgtcaaagg tccgcaaaga cattcaagag tggaaaccat 

     9781 caactggatg gtatgattgg cagcaggtcc cattctgctc aaaccatttc actgaattga 

     9841 tcatgaaaga tggaagaaca ttggtggttc catgccgagg acaggacgaa ctggtaggca 

     9901 gagctcgcat ttctccaggg gccggatgga acgtccgcga caccgcttgt ctggctaagt 

     9961 catatgccca gatgtggctg cttctgtact tccacagaag agacctgcga ctcatggcca 

    10021 acgccatttg ctccgctgtc cctgtgaact gggtccccac cggaagaacc acatggtcca 

    10081 tccatgcagg aggagaatgg atgacaacag aggacatgct ggaggtttgg aaccgtgttt 

    10141 ggatagagga gaatgaaatg gatcggaaga caaaacccca gtggagaaat ggagtgacgt 

    10201 cccatactca ggaaaacgga cggacatctg gtgtggcagc ctgattggca caagagcccg 

    10261 ggccacgtgg gcagaaaacg atccaggtgg ccatcaacca agtcagagca atcattggag 

    10321 atgagaagta tgtggattac atgagttcac taaagagata tgaagacaca actttggttg 

    10381 aggacacagt actgtaaata ctttatcaat tgtaaataga caatataagc atgtacatag 

    10441 gcataagttt atagtggcat ttaacgatgt tagtgtaaat agttaagaaa attttaagga 

    10501 ggaagtcagg ccggaaattt ccgccaccgg aagttgagta gacggtgctg cctgcgactc 

    10561 aaccccagga ggactgggtg aacaaagccg cgaagtgatc catgtaagcc ctcagaaccg 

    10621 tctcggaagg aggaccccac atgttgtaac ttcaaagccc aatgtcagac cacgctacgg 

    10681 cgcgccactc tgcggagagt gcagtctgcg atagtgcccc aggaggactg ggttaacaaa 

    10741 ggcaaaccaa cgccccacgc ggccctagcc ctggtaatgg tgttaaccag ggcgaaagga 

    10801 ctagaggtta gaggagaccg ccgcggtttg aagtgcacgg ccagcctgac tgaagctgta 

    10861 agtc 
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