TRYPANASOMA INFECTION RATES IN GLOSSINA SPECIES IN MTITO

ANDEI DIVISION, MAKUENI COUNTY, KENYA

BY
DANIEL MUTISO NTHIWA, B.Sc.

156/65273/2010

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE RE QUIREMENT FOR
THE DEGREE OF MASTERS OF SCIENCE (APPLIED PARASITOL OGY)
UNIVERSITY OF NAIROBI

2013



DECLARATION

This thesis is my original work and has not beessented for a degree in any other University.

Signature: Date:

DANIEL MUTISO NTHIW'A

156/65273/2010

This thesis has been submitted for examination aithapproval as supervisors

PROF. HORACE OCHANDA

Signature: Date:

(School of Biological Sciences, University of Ndirp

DR. DAVID ODONGO

Signature: Date:

(School of Biological Sciences, University of Ndip



ACKNOWLEDGEMENTS

My first appreciation goes to God for giving me dtre and an opportunity to undertake this
course. | wish to extent my heartfelt gratitude appreciation to my supervisors Prof. H.
Ochanda and Dr. D. Odongo for their unending suppaotivation and guidance throughout my
research work. In addition, 1 also thank Mr. Mwatifofficer in charge of Kiboko Veterinary and
Vector control station) and Mr. Kimani (Malaria taatory manager, KEMRI —Nairobi) for
allowing me to use their facilities without whictwiould not have carried my research. | would
also wish to thank the technical staff in SchooBadlogical Sciences especially Mr. Thimbu and
Mr. Simiyu for their laboratory assistance and tbeiversity of Nairobi for the offer of
Scholarship to study for Master of Science in ApglParasitology. My appreciation goes to Mr.
Joel Bargul for his technical assistance during gtudy. Thank you all and may Almighty God

bless you richly.



DEDICATION

| wish to dedicate this thesis to my family membeemd friends who supported me throughout

my study.



AAT
ANOVA
Bp
DNA
FAO
FFLB
FTD
HAT
ILRI
ITS

Kb
KEMRI
LSD
Mean AD
Mgcl,
mM
PCR
rDNA
SIT

VSG

LIST OF ABBREVIATIONS

Microlitre
African Animal Trypanosomiasis
Analysis of Variance
Base pair
Deoxyribonucleic Acid
Food and Agriculture Organization
Fluorescent Fragment Length Bar-coding
Fly Trap Density
Human African Trypanosomiasis
International Livestock Research Institute
Internal Transcribed Spacer region
Kilo base
Kenya Medical Research Institute
Least Significance Difference
Mean Apparent Density
Magnessium Chloride
Millimoles
Polymerase Chain Reaction
Ribosomal DNA
Sterile Insect Technique

Variable Surface Glycoprotein



TABLE OF CONTENTS

DECLARATION. ...ttt ettt e e e ettt e e e e e e e e s st bttt e eee e e seamneeeeeaeeeanannnseneeeaeaens [
ACKNOWLEDGEMENTS ...ttt ettt ettt e e e e e e e meeeee e e e annnees i
DEDICATION . ...ttt ettt e e e e e e e e e e s ettt et ee e e e e e e ansabete e e e e e e eeaanseeeeaeeeeeeannnnsenaeeeaaens iii
LIST OF ABBREVIATIONS ..ottt e e e e e s mmnne e e e e )Y
TABLE OF CONTENTS ..ottt ettt oee ettt e e e s sttt et e e e e e e e s st e e e e e ennsssaesneaeeaaaeans %
LIST OF TABLES ...ttt e e sttt e e e e e e e e s s e bae e e e e s s ntsseteaeeaaeeeaaannns vii
LIST OF FIGURES ..ottt ettt e e e e et e e e e e e e e e e nnneenes viii
AB ST RACT ..ttt ettt e e et oo et e e e e e e e e et e e e e e et e e e e e e s e b e e eaeeas IX
CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW...... oooiiiiiiiiiiiiiiieeeeeeee e 1
1.1 General INTFOAUCTION .......eeiiiiieeii et e e e e 1
111 BHIOIOQY oo 2
1.1.2 General life cycle of trypan0SOMES.....cccceeiiiiiiiiiiiicee e 2
1.1.3 BiOlOQY Of tSELSE ....uuuuiiiiiiiii e cmmrme e sn b nnnanes 4
1.2 Geographical distribution Of tSELSE ... cuuuuevuurniiiii e 6
1.3 CIlasSifiCation Of TSEISE ......uiiiiiii e e e e e e 9
1.4 Economic impact of African trypan0SOMIASIS.cuc ... uurrrrurrmrriiiiiininnninnnnnnmnnnreeenes 9
1.5 LItEIatUIE MBVIEW ....ceeiieeiiiiiiiiieitmeameseteeeestteaeettebtetastbetstsbs sttt bmmmmme s e e e e e e e e e eeeeneeneseees 10
1.5.1 Previous studies of trypanosomiasis in Kenya.................eueveeveeieeeieneneieeene. 10
1.5.2 Detection of trypanosome infections in tSetSe.............ueuveiviiiviiiiiiiiiiiiiiennne. 11
1.6 Justification and significance of the StUdY.c....... ..o 16
A © o] [T o 11V PP 17



CHAPTER 2: MATERIALS AND METHODS ......oooiiii i 18

P2 Y (F o Y0 [ o o TP 18
2.2 SEUAY SIE .. 18
2.3 Collection and identification Of tSELSE .....cc...uiiiiiiiiiiiiiiiiiiiii e 19
2.4 TSELSE AISSECLION ...ttt e e e e e s emse s 21
2.5 DNA extraction from SamPIES ..........coiveiieiuiiiiiiiiiiiiiiiiiiiireieeiiree e 22
2.6 OligonuCIEotide PHIMEIS ...ccoo e 23
2.7 PCR amplification and agarose gel electropi®res..............oouviviiiiiiiiiiiiiiiiiieenenn. 24
2.8 DAta @N@lYSIS .....cooiiiiiiiiii e n e e e e e e e e a e e e e e aaeaaees 25
CHAPTER 3: RESULTS ...ttt ettt ettt e e st e e e e e e annsenae e e e nnsneeaeaans 26
3.1 Nested PCR amplification of trypanoSOmMe DNA.....ccooiiiiiiiiiiiiieieee e 26
3.2 Vector distribution and densities ... 27
R [0} (=Tol 1] g I = 1= PP P PP PPPPTPPPPN 30
CHAPTER 4: DISCUSSION AND CONCLUSIONS .......outimieiiiiiie e 33
4.1 Trypanosome distribution and densities in MBI ................cvvvvvvvieiiviiiiiininiinn. 33
4.2 Trypanosome INfECION FALES............ceeeeeeiiiiiiiiiiiiiiiii e aannseeeesbeernenenes 34
4.3 CONCIUSION ..ttt mmmmme et s e bbb be bbbt sbnnnnnnes 38
4.4 RECOMMENUALIONS. ...t e e sms bbb asnsnnnnnnne 38
REFERENCES ... ..ottt ettt e ekttt e e e e sttt e e e st e e e absee e e e e bbb e e e e e anbbeeeenans 39

vi



LIST OF TABLES

Table 1: Tsetse species distribution iN Kenya ...t 7
Table 2: Species SPECIfIC PIIMEIS ........ et reee e e e e e e e e e eeeeeees 14
Table 3: SequeNCE Of PIIMETS ... ...ttt eeenne e e e e e e e e e eeeeeeeeeseees 23

Table 4: Trypanosome species and the expecteddizesion amplification

USING NESIEA TS PIIMEIS....cuiiviiiiirieesmmmmmnmssesensnnnn s s s e s e sesnssssssnennnes 27
Table 5: Trypanosome infection rate3oSSINASPECIES........cooeeeieeiiiiieiiee s 31
Table 6: Comparison of infection rates in male erdale flies .............oovvvviiiiiiiiiiiiiiieennnenn. 31

Vii



Figure 1

Figure 2:

Figure 3:

Figure 4:

Figure 5:

Figure 6:

Figure 7:

Figure 8:

Figure 9:

LIST OF FIGURES

: Life cycle of trypan0SOmMES ... 4

Distinguishing features between malefanthle tsetse ..........ccccccvvvvvvviiviirv oo D

Tsetse distribution in Kenya..........oooooiiiiii e 7

The map of Mtito Andei showing the geerehced trapping sites ................c...... 20.

A bi-conical trap baited with cow urinedaacetone to enhance

trapping effiCIENCY ..o ne e e e e e eeees 21

Schematic diagram of rDNA showing ITSht TS 2 annealing

01015 110 o 24

Image of an agarose gel showing PCR &egpIDNA fragments

using ITS nested PCR PIHMEIS .......ouiiiiiiiieeiieee e 26

Distribution ofGlossinaspecies captured from study sites in Mtito

YN g Lo [TI B A/ T o] o IR 28

Comparison of Mean apparent densitieBiwithe five trapping sites ................. 29

Figure 10: Relative distribution of total fly CALC..............oooo e 30

viii



ABSTRACT

This study was carried out to determine the infectiates of trypanosomes @lossinaspecies in
Mtito Andei, Makueni County, Kenya. Tsetse spectgs|ongipennisandG. pallidipeswere trapped
and DNA isolated from their dissected internal oigg§oroboscis, salivary glands and mid-guts). The
DNA was then subjected to a nested PCR assay ustegal transcribed spacer primers and
individual trypanosome specied.(vivax and T. ¢ Forest) identified following agarose gel
electrophoresis. A total of 78 non teneral fliesalgped for trypanosomemfection revealed an
average infection rate of 11.53% (9/78). The ovVardéction rates for the different trapping sites
Kamunyu, Ngiluni, Kyusyani, Iviani and Nthunguni ree5.41%, 1.28%, 2.56%, 1.28% respectively.
No infected tsetse were detected in Nthunguni arfdciion rates for the different sites were
statistically different (P<0.05%5. longipennisvas the most prevalent in Kamunyu whdepallidipes
was most prevalent in Iviani and Nthunguni. Kyusyamd Ngiluni areas had both tsetse species. Out
of 78 flies analyzed, the prevalence of trypanosorfextion inG. pallidipesandG. longipennisvas
5.77% and 23.08% respectively and this differen@es wignificant. Most ofG. pallidipeswere
infected withT. vivax(3.85%) while the rest were infected with congolensé€l.92%). This was in
contrast tdG. longipenniswvhich were only infected witfi. vivax(23.08%). The study showed overall
prevalence of 10.26% foF. vivaxand 1.28%T. congolensevith T. vivaxinfections being higher in
both tsetse species. The infection rates with thesetrypanosome species was also statistically
different (P<0.05) and were higher in males (13.p3B&n in female flies (8.57%), however, this
difference was not significant. There was a strpogitive relationship between the mean apparent
densities and infection rates confirming the imance of this parameter as an indicator of African
animal trypanosomiasis.

These findings suggest the importance of desigoomrol strategies targeting the biological vector

(tsetse), mechanical vectorsTapanus and Stomoxysspp), and the trypanosome parasites.



CHAPTER 1
INTRODUCTION AND LITERATURE REVIEW

1.1 General introduction

African Animal Trypanosomiasis (AAT) is a seriousease of livestock caused by a protozoan
parasite of the genudrypanosomaand transmitted cyclically by tsetsésl¢ssing and
mechanically by other haematophagous flies sucHasanus, Haomatopota, Stomoxgsd
Chrysops(Kone et al, 2011). It is a major obstacle to livestock prctthn on the Africa
continent as it prevents full use of the land tdfé¢he rapidly increasing population. AAT and its
vectors occur in large areas of Sub-Saharan Afaicd its occurrence parallels that of the
biological vector (Taylor, 1998). The epidemiolognd effects of this disease on livestock
especially cattle production are determined lardgythe prevalence and distribution of the
disease and its vectors in the affected areas landfae proportion of infected flies in the tsetse
population (Kubiet al.,2006. The eco-distribution of tsetse is determined lbpate, presence of
vegetation, water and presence of blood meals (hsraad animals) but tsetse are mostly found
in rural areas (Lutjeet al, 2010). The limitations due to tsetse and tryganwes problem
continue to frustrate efforts and prevent progriesshe livestock and crop production thus
contributing to hunger, poverty and the sufferirigeotire communities in Africa. This disease is
therefore a serious impediment to agricultural aadnomic advancement in the affected areas
(Morrison and Macleod, 2011). The economic lossestd AAT are approximated to be over 1.5
billion dollars annually (Bitewet al, 2011).Tsetse infest about 10 million Kmf fertile land
spread across 36 countries on the African contimétit approximately 7 million Krhof the

infested land being suitable for mixed agricultifréhis disease was controlled (Bitest al,



2011). Out of 165 million cattle found in Africa lgrilO million are found within the tsetse belt

due to the disease constraint and these are tlestg@roducing breeds (Oluwafestial.,2007).

1.1.1 Etiology

Trypanosomaspecies is a kinetoplastid parasite that infeatsde range of vertebrates including
humans. The most important species infecting airmalAfrica areT. congolens€Sub genus
Nannomonas T. vivax(sub genu®uttonelld andT. b. brucei(subgenudrypanazooh(Taylor,
1998).T. congolensean be classified into three subtypes which ararsaah, forest and Kilifi
types. Apart fronil. congolensegther members of sub genMannomonagausing AAT include

T. simiae (affecting domestic suids) and. godfrey (Van Den Bosscheet al, 201).
Trypanosomesan infect all domesticated animals but in Africattle are mainly affected. More
than 30 species of animals including ruminants sashAntelopesAddax spp, Oryx spp and
Hippotragusspp), Buffalos $yncercus caff¢grand wild equidae are also susceptible and may
serve as reservoirs of trypanosom@gorrison and Macleod, 2011). These animals suffer
syndromes ranging from mild chronic infection taigcfatal disease. Although host preferences
of eachTrypanosomaspecies may varyl. congolense, T. vivaand T. b. bruceihave a wider

range of hosts among domesticated animals (MorasohMacleod, 2011).

1.1.2 General life cycle of trypanosomes

Trypanosomes have a complex two-host life cyclelving a vertebrate host and an arthropod
vector (Fig. 1). Tsetse ingest trypomastigotesgem the blood and lymph while feeding on an
infected host. The trypomastigotes lose their gtyotein surface coat and become elongated
multiplying in the midgut before migrating forwatd the salivary glands and proboscis. They

then transform into epimastigote forms which mijtignd then transform again into small typical



metacyclic trypomastigotes which are the infecstages and are introduced into the vertebrate
host during feeding. These metacyclics have beewrsiio have a small repertoire of VSG genes
and they multiply at the inoculation site for a felays before invading blood stream and
lymphatics (Pay®t al, 2001). This life cycle has variation in referengith the Trypanosoma
species involvedThe entire process is completed within the proisofar T. vivaxwhile in T.
brucei after the trypanosomes multiply they migrate fawsv to the salivary glands. Im.
congolensg they migrate to the proboscis where they devefdp long, slender forms and
multiply by binary longitudinal fission at the sitf inoculation (Prowse, 2005) eventually
transforming into stumpy forms which invade thedalcstream and lymphatics (Askoy, 2003)
The blood trypomastigoteorms are taken up by tsetse along with its bloahlnand undergo
stages of complex biological development insideitisect host before becoming infectiBoth

male and female flies are capable of transmittipganosomes (Chatterjee, 2009).
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Figure 1 : Life cycle of trypanosomes

(Chatterrjee, 2009)

1.1.3 Biology of tsetse

Tsetse measure between 7.5mm to 14 mm in lengttaen@rown-grey in colour and while at
rest, their wings are cross like scissors. Thelpipare almost as long as the proboscis protruding
from the front of the head and the base of the ggois is swollen into a characteristic bulb.
Tsetse are daytime feeders and are visually atttatb moving objects. Both sexes feed

exclusively on blood of a wide variety of animatsldhumans.



Male and female tsetse are anatomically differeith whe distinction between sexes done by
examining the end of the abdomen. Male flies atirdjuished from the females by the
possession of the hypogyium on the posterior tipicwhis folded on external genitalia

(Fig 2). In front of the hypogyium is a hairy platalled hectors which together with hypogyium

is used to hold onto the female’s abdomen duringgngéBitewet al, 2011).

\ No hypogyium in female
' 4 Hyp?/iumin male fly fly
"

X

Figure 2: Distinguishing features between the maland female tsetse (Courtesy of
Chatterjee, 2009).The above figure illustrates the difference betwidenmale and female tsetse.
The male fly on the left is distinguished by theg@nce of the hypopygium which is absent in the

femaile fly.



1.2 Geographical distribution of tsetse

Tsetse are endemic to tropical Africa and they pdmetween latitudes 15°N and 29°S from
Southern edge of the Sahara desert to ZimbabweolArend Mozambique and with. vivax
even spreading beyond tsetse belt to South Amevieare it is transmitted mechanically (The
Centre for Food Security and Public Health, 2008)total of 8 tsetse species occur in Kenya
(Table 1), and are found distributed in variousaarsuch as Narok, Transmara, shores of Lake

Trukana, North of Mt. Elgon and in Lambwe valleyg:R3).
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Table 1: Tsetse species distribution in Kenya

(Ministry of Veterinary Services, 2011)

Species

Spatial Distribution

G. brevipalpis

G. fuscipleuris

G. longipennis

G. pallidipes

G. austeni

G. swynnertoni

G. morsitans submorsitans

G. fuscipes fuscipes

Coastal belt extending from Somalia to
Tanzania and on the Kenya / Ethiopia
border on the eastern shores of Lake
Turkana

South —west Kenya (Narok and
Transmara)

Coastal belt extending into Kajiado

All tsetse belts in Kenya

Coastal belt extending from Somalia to
Tanzania

South-west Kenya (Narok and Transma
tsetse belt on Kenya Uganda border ng
of Mt Elgon

Lake Victoria basins and its River syste

rth

ms




1.3 Classification of tsetse

Tsetse are the primary vector fbrcongolense, T. vivandT. b .brucein Africa (Askoy, 2003).
These trypanosomes replicate in blood stream amghgtic vessels of veterbrate hosts and are
transmitted through tsetse saliva when obtainingodbl meals. There are 23 extant and 8
sub-species of tsetse (Rogetsal, 1994) which are classified into 3 taxonomic greaccording

to their preferred ecological habitatdistributional behavioural, molecular and morphatag
features (Ajibade and Agbede, 201Glossina fuscagroup is mainly found in humid forested
areas and they are important vectors of wildlifeection than for livestock trypanosomiasis.
Eastern Africa has onlg. longipennisas a fusca group species and is found in driersarea
(Glasgow, 1963; Ford and Katondo, 1997). Otheriggen this group are found in countries such
as Gabon and Zaire. The morsitan groups are larfgelyd in open woodland savannah best
suited for grazing livestock and is the most imaottgroup in the transmission of animal
trypanosomiasis (Prowse, 2005). The species ingitwap includeG. swynertoni, G. pallidipes
andG. morsitans submorsitans. Glossina palpglisup of flies favor shaded habitats near rivers
and lakes but can also occur in other ecologicakgasuch as humid arid Savanndblossina
palpalis group of flies are less efficient vectors compateds. morsitansgroup (Ajibade and

Agbede, 2011).

1.4 Economic impact of African trypanosomiasis

African Animal trypanosomiasis continues to be aoss health concern across large areas of
sub-Saharan Africa despite several decades ofrasédubi et al., 2006). It causes economic
losses in livestock with many untreated cases béatgl Globally, trypanosomiasis causes
economic loss of approximately 1.5 billion dollasgth African farmers spending 35 million

dollars on treatment (Biteet al, 2011).



It vastly affects meat and dairy production (Witeal, 1996). Nagana has restricted agricultural
development and nutritional resources in Sub-Sahafaca, profoundly impacting the economy
of much of the continent (Briagt al.,2007). This disease decreases animal producti@bout 7
million km squares of land and leads to considerdiplancial losses due to high morbidity and
mortality rates in susceptible but reproductiveedse as well as in the cost of trypanocide
treatments (Koneet al, 2011). Moreover, the use of trypanocide and amggidal drugs is
massive with nearly 50% of veterinary products sale Africa thereby incurring risk of
developing drug resistance. Livestock farmers cwatito suffer losses resulting from reductions
in fertility (due to abortion and testicular damaaféecting sperm viability) and weight loss and
mortality. It has been estimated that direct préidndosses in cattle alone are between US$ 1200
-6000 million per year in 36 tsetse infested caestof Sub-Saharan Africa. These estimates do
not include indirect losses due to in-availabilifylivestock, manure and draught power (Taylor,
1998). It is probably the only disease which hadqumdly affected the settlement and economic
development of a major part of the continent angs tlimits rural development in vast areas of
tropical Africa (Cecchiet al, 2008). The cumulative effects of the variousstmints due to
trypanosomiasis to the agricultural communities therefore enormous and the fly may also be
preventing biodiversity across the continent byeetihg movement of their livestock living in

tsetse infested areas.

1.5 Literature review

1.5.1 Previous studies of trypanosomiasis in Kenya

Field studies have previously been conducted owapeace of animal trypanosomiasis in Kenya.
Thumbi et al, (2008) reported trypanosome infection rates @&fo4dnd 29% in Suba and Teso

districts respectively witfi. vivaxinfections noted as the most dominant in bothsarea

10



In their study, samples were screened for trypamesousing species specific primers, multi-
species detecting ITS BR and ITS CF, and nestedL|TS 3 and 4 primers designed to amplify
the internal transcribed spacer of ribosomal DNBAe PCR based tests were adopted to overcome

the low sensitivity limitations in microscopy.

In Tsavo West, Miholet al., (1992), reported an infection rate of 3.6%Gn pallidipesusing
species specific primers while Tarinad al., (1984) has reported trypanosome infection rates of
12.62%, 7.24%, 9.50% and 7.97% in Ukunda, Dianihdka, Shimba hills and Mwalewa coastal
areas respectively. This study was carried out &etw1980 and 1982 using species specific
primers. In Lambwe valley, Kenya, Njiret al, (2004) reported trypanosome infection rate of
4.9% (118/3826) obtained microscopically. The 368®&roscopically negative samples were
pooled together and further analyzed using speagesific primers for the different trypanosomes

revealing 9 more positive samples.

1.5.2 Detection of trypanosome infections in tsetse

1.5.2.1 Microscopy

Earlier studies done to determine the trypanosamiection rate in tsetse depended on direct
examination of internal organs under a dissectingroacope (Lloyd and Johnson,1924).
Infection rates ofG. pallidipesandG. fuscipes fuscipeis Gojeb valley, Southwest of Ethiopia
were determined by this method (Bitea al., 2011). In their study, a total of 384 flies were
randomly selected and dissected and they comp@68d(52%)G. pallidipesand 184 (48%)
G. fuscipes fuscipesOut of the dissected flies, 24.5% (49) pallidipes and 22.8% (42)
G. fuscipes fuscipesere positive for trypanosomes. A study done byawet al, (2011) on the

prevalence of major trypanosomes affecting catiléMestern Ethiopia employed microscopy

11



techniques for identification and reported an oNetgypanosome infection rate of 28.1%
(108/384). A major drawback of microscopy is thatails to discriminate species that use the
same developmental sites and is not able to digtaie mixed infections in tsetse (Malaeal,
2003). Low sensitivity has also been reported wiilsroscopy. For instance, Lefrancas al.,
(1999), identified only 31.5% of proboscis infectsousing microscopy. Further analysis of the
microscopically negative proboscis using speciexifip primers revealed 9.7% more infections
indicating that PCR based tests are more sensifiverefore, the use of DNA-based methods for
identification of trypanosomes is being favored rowdcroscopy although microscopy is still

being used in low resource setting laboratories.

1.5.2.2 Molecular techniques

There are a number of PCR based techniques that len developed for identification of
trypanosome species (Masighal., 1992 .; Masigat al.,1996) ; Majiwaet al.,1993 ; Masaket

al., 1997 ; Coxet al., 2005 ; Maleleet al , 2003 and Thumbet al, 2008). Such studies have
enabled important information to be obtained dlyeftbm the small number of parasites present
in tsetse organs or blood samples thus overcontiagneed to culture live parasites with the
added risk of contamination and differential growthmixed cultures.

Specific DNA probes and subsequently PCR primenge haeen developed for 11 different
species, subspecies or subgroups of African tryg@mes. These species include: sub-genus
Trypanozoon T. b. gambiense, T. b. rhodesiense, T. congolésseannah, forest and Kkilifi
subgroups),T. simiae, T. simiadsavo, T. godfreyj subgenusDuttonella and West African
T. vivax (Hamilton et al., 2008). A review done by Adam and Hamilton, (20@8plored the

application of molecular markers for the identifioa of trypanosome species. According to

12



these authors there are three broad categories alécolar diagnosis, species specific
identification techniques, generic PCR-based agtremand sequence analysis.

Earlier molecular techniques for detecting trypamos infection rates involved the use of PCR
analysis and DNA probes. Using this method, McNametr al., (1995) tested 70 of 124
trypanosome isolates obtained from trypanosometipesnidguts ofG. palpalis, G. pallicera
pallicera andG. nigrofusca nigrofuscarhis study revealed prevalences of : Trypanoz@ib,
Riverline forestT. congolens&6%, T. congolens&avannah 54% anbl. simiae29%. Thirty of
the infection involved a single trypanosome spediag of the 70 isolates analyzed, 30 of them
were successfully amplified using PCR to provideemals for DNA hybridization. To a greater
extent DNA probes confirmed the PCR results; 1028428) of riverline forest and 82% (18/22)
of T. congolensesavannah. Only 8% (1/13) of the PCR positivesTigpanozoon were able to
hybridize with the appropriate DNA probes. Howewbe range of primers and probes used in
this study could not identify all trypanosomes kmo¥o develop in the tsetse midgut. This
technique was also employed by Kuktaal, (1987). The major limitation of this method et
non specific PCR reactions can inhibit both capmiof PCR products to micro-titer plates and
the correct hybridization of the specific probegHeaading to either false negatives or positive
results. Furthermore, detection of multiple infens requires the use of multiple probes thus
making the technique expensive. Therefore, theotisaultiplex PCR techniques reduces the cost
as each sample is screened in a single PCR umlikpdcies specifc PCR where each sample is
subjected to at least five PCR reactions.

Species specific primers have also been used irchheacterization of trypanosome species.

These primers target specific genes in each trygiane. (Table 2).

13



Table 2: Species specific primers

Primers Specificity Amplification size | Reference
product (bp)

IL 344-345 T. congolensesavannah 320 Majiwaet al., 1993
type

TCF 1,2 T. congolenseriverline- | 350 Masigeet al., 1992
forest type

ILO 892, 3 T. congolens@savo 400 Majiwaet al, 1993

KOL 1, 2 T. congolensilifi type | 520 Majiwaet al, 1985

TSM 1, 2 T. simiae 437 Masigeet al, 1992

VOL 1, 2 T. vivax 180 Dickin and Gibsor

1989
TBR 1,2 T. brucei s.| 177 Mosert al, 1989

In Tanzania, Malelet al, (2003), performed a species specific PCR on Xigdected positive

proboscides and 24% (254/1041) of the tested samy#ee positive . In a similar study, Lehane

et al, (2000)

86.7% (352/643) dissected positive proboscis.

The use of species specific primers enable ideatibn of only known species. This is explained

reported comparable findings where g®especific PCR was able to identify

by the higher number of infections that remain enitfied in surveys, 13% (Lehaee¢al, 2000),
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17% (Njiruet al.,2004) and 75% (Malelet al, 2003). The use of species specific primersss al
expensive as each sample is screened for trypamssatnleast five times and is therefore not
suitable for large scale epidemiological studies.

The use of generic primers provides an alternatvihis problem. Generic PCR tests are based
on internal transcribed spacers (ITS) and fluomnesfragment length barcoding (FFLB) and rely
on detection of species specific size polymophism®gions of ribosomal DNA, a locus which
can be amplified using probes that are complemgmtaitanking conserved sequences (Adans
al., 2010). FFLB is based on length variations iriaeg of the 18s and 28s ribosomal DNA. PCR
is carried out on the DNA samples and DNA probesdu® determine and extend the PCR
results. Using this technique, Hamilten al., (2008) examined 91 trypanosome samples from
infected tsetse midguts in Tanzania, most of whiati been identified using species specific PCR
tests. The overall infection rate of trypanosonfedated midgut samples increased from 78% to
96% confirming that FFLB is very sensitive and ldeato identify previously unrecognized
trypanosome species and mixed infections. A singtady done in Tanzania by Adaresal,
(2010), revealed 61.9% (65 / 105) infected proltestiand 9 (13.5%) mixed infections. The use
of FFLB based PCR test enabled identification oE®/ T. vivaxgenotypes. This study found that
FFLB method was accurate, quick and had an extehigly level of identification. However, it
requires expensive equipment and trained techsia#l

In a comparative study, Thumeét al, (2008) evaluated the sensitivity and specificfy3 PCR
based diagnostic assays for the detection of pathodrypanosomes in cattle blood. A total of
103 blood samples obtained randomly from Teso amohSlistricts of Western Kenya were
screened for various trypanosomes using speciasfispprimers, single ITS and Nested ITS

PCRs’. Trypanosome infection rates detected uspagies specific primers, single and nested
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PCR were 10.7%, 26.2% and 28.1% respectively. @ndigecies specific primers, single and
nested PCR picked mixed infections of 1.9% and 3r88pectively. Both single ITS and nested
ITS PCRs’ picked highefF. vivaxinfections than species specific PCR which wer&%7 23.3%
and 3.9% respectively, indicating the superioriti IS multi species detection technique. The
use of single ITS and nested ITS PCR also redusdeal,| cost and time as compared to the five
reactions carried out using species specific PCR.

In a similar study done in Tanzania, Njieti al, (2005) reported that the diagnostic sensitiivit
using single ITS PCR was close to that obtainedguspecies specific primers. In this study, 357
cattle and 185 camels blood were screned for tygp@mes using KIN, species specific and
single ITS primers. Species specific primers detkttypanosome prevalence of 24.1% (86 / 357)
and 25.9% (48 / 145) in cattle and camels respagtivComparatively, single ITS primers
detected 84.9% (73) while KIN primers (KIN 1 andNKI2 primers designed to amplify
ITS1region of ribosomal DNAJetected 67.4% (58). This study showed that IT&ers are
more sensitive than KIN primers as they detecteghdn number ofT. vivaxinfections. ITS
primers target part of the ribosomal RNA gene lo®ibosomal genes occur in tandem arrays of
100-200bp per trypanosome. Each gene has a nurhimemecoding spacer regions (ITS 1 and
ITS 2) and conserved coding regions small sub{8®U) and large sub-unit (LSU) (Cex al,

2005).

1.6 Justification and significance of the study

The Kenyan economy is largely agricultural-baseith whe sector accounting for about 24% of
the Gross Domestic Product (GDP) and 70% of theleyment (Ministry of Livestock
Development, 2011). Only 7% of Kenyan land is sué@gor crop production and a further 5%

can sustain crops in years of adequate rains (@ia#001). The rest of land is arid and semi-
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arid and constitutes the range lands which aresmitdible for crop production but rather good for
livestock production. Mtito Andei comprises mainhgese arid and semi-arid lands and livestock
rearing is the mainstay of this region. This ansa &as a history of animal trypanosomiasis as it
is heavily infested witls. pallidipesandG. longipennisand there is also a limited population of
G. brevipalpig(Wilson, 1954). There is no accurate informatioat #xists in regard to the current
prevalence of trypanosomiasis in Mtito Andei. Thliecause previous data has been collected
through microscopy on blood smears, dissectionrmaicdohaemotocrit techniques which are less
sensitive. Moreover, these methods cannot identiftyjature and mixed infections too. Due to
this gap in knowledge, this research hoped to peouiformation on the current prevalence and
distribution of trypanosomiasis in this area. Assesnt of prevalence vector hotspots and
infection status can be instrumental in making sleos with regard to the formulations of
suitable tsetse and trypanosomiasis control measii@s is also important in evaluating its

financial, technical feasibility and to plan to mi@in continuity of these control measures.

1.7 Objectives

The broad objective of this study was to deterntingeinfection rates of trypanosomadsetse in
selected villages in Mtito Andei Division using ITiested PCR.
The specific objectives were:

1. To determine the prevalence and distribution gianosomiasis in the region.

2. To characterize different trypanosome specieserreigion.

3. To determine the distribution and densities of patential trypanosome vectors in the

region.
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CHAPTER 2
MATERIALS AND METHODS

2.1 Study design

A cross sectional study was conducted to deterrinee infection rates of trypanosomes in
Glossina species in Mtito Andei Division. Sample size wadedained using the formula
described by Thrusfield, (2005).

N=ZPQ/d?

Where, n is the minimum sample size requiredi confidence intervalP expected prevalence

from the studyQ 100% minus P anD being the significant level (0.05).

2.2 Study site

This study was carried out in Mtito Andei Divisiafi Makueni County situated about 290 km
South East of Nairobi. The study area was divided five villages namely, Nthunguni, Iviani,
Kyusyani, Ngiluni and Kamunyu. The altitude of thieea varies from 600m to 1100m above sea
level. The area was not inhabited until the 1930ie to its low agricultural potential and was
heavily infested by tsetse. It is characterizeddwy and unreliable rainfall, marginal agricultural
lands, dispersed populations and low fertility soil

The principle means of communications in the areatlae Nairobi -Mombasa road, railway line
and many dry weather roads adjoining them. The Rilier is the main perennial river in the
Division and its tributaries are Kambu, Kibwezi,bdko and Mtito Andei. The division is
characterized by Savannah grassland with mostly lpng, gently eastward sloping plains

towards river Athi, broken by occasional hills asghsonal and perennial rivers. The climate of
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this area is typically semi arid and the averageuahrainfall, evaporation and temperature are in
the order of 600mm, 2000mm and 23°C respectivelyclidka and Van Der Pouw, 1977).
Rainfall is bimodal with long rains occurring froktarch to May and short rains from November
or December to early January. Short rains are maliable in time than long rains and are
therefore the most important. Highest mean tempesat(32-33°C) prevail during February to
March, while the lowest (15-16°C) during July —Asg{Michieka and Van Der Pouw, 1977).
The optimum temperatures that are suitable for iplggical requirements within the tsetse belt
are 20-28°C and relative humidity between 50-80% eainfall 635-1524mm per year and
therefore Mtito Andei Division best favours tsetpeliferation as it meets most of these

requirements (Ajibabe and Agbede, 2011).

2.3 Collection and identification of tsetse

Tsetse trapping was done between the months of Apdi May 2012. This being a rainy season
more abundant flies were expected, the possibkorsabeing their short developmental cycles
during favorable periods and the fact that rainsfdarval development (Konet al, 2011).
Trapping was done using 5 bi-conical traps in ealtdge which were deployed near Mtito Andei
River, Athi River and in the near vegetations typese bi-conical trap was chosen for use in the
collection of baseline data on tsetse distributi@cause of its effectiveness (Flint, 1985). The
traps were set at georeferenced sites (Fig. 4))baidd with acetone and cow urine to increase
trapping efficiency (Malelet al, 2003). Traps were set at regular intervals of d@@ers along
various vegetation types and under shade to awvaddiel fly mortality due to heat (Fig. 5). In
order to prevent the ascent of ants on the polesrtis the collecting cages, each pole was
smeared with grease. All trapped flies were countihtified to generic level using conventional

identification keys (Goodwin, 1982) and sexed befdissection.
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Figure 4: The map of Mtito Andei showing the georedrenced trapping sites
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Figure 5: A bi-conical trap baited with cow urine and acetone to enhance trapping efficiency

+.

2.4 Tsetse Dissection

Dissection was carried out on freshly immobilizdéigsf as trypanosomes are less likely to be
found in dead dried flies. Flies were immobilizesing ethyl acetate placed in a cotton wool at
the bottom of a specimen tube. A total of 78 naretal flies were dissected from which mid-gut,
salivary glands and proboscis were removed and/ae@dlunder a microscope for the presence of
trypanosomes. In order to maximize the number tdcted mid-guts encountered, mostly non
teneral flies were examined prior to dissectionnNeneral flies were identified by the presence

of dark or brown colour on their abdomen which ocadéed the last blood meal. Live flies were
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surface sterilized by brief immersion in 70% etHathen blotted dry on clean tissue paper and
then dissected out in normal saline. The dissedstias carried out based on FAO guidelines and
manual for entomological techniques (FAO, 1982)otder to avoid cross contamination, the
dissecting instruments were sterilized by immersion3-5% (w/v) sodium hypochrorite for
approximately 2 min, followed by extensive rinsimgdistilled water and final immersion in
normal saline. Tsetse dissected organs (mid-gotqscis and salivary glands) from each fly
were transferred into 1.5 ml micro-centrifuge tudmmtaining 120ul of ATL tissue lysis buffer
(from Qiagen DNeasy blood and Tissue Kit) addece Tissues were then stored at -20°C till

further processing.

2.5 DNA extraction from samples

DNA was extracted using the Qiagen DNeasy blood tassbie kit and according to the
manufacturer’s instructions. Twenty microliters)(pof proteinase K was added to the dissected
tissues and incubated at 56°C overnight in a theyfeo until the tissue was completely digested.
The lysate was vortexed for 15 sec and gD0Of Buffer AL added to the sample followed by
vortexing to mix the contents. Two hundred pl o$@bte ethanol was added, mixed thoroughly
again by vortexing before pipetting the mixtureoi@Neasy mini spin columns placed in a 2 ml
collection tube. The columns were centrifuged ad@B@pm for 1 min and the flow through
discarded together with the collection tube. TheeBdy mini spin columns where placed in a
new 2 ml collection tube and 5Q0 of wash Buffer AW1 added. It was then centrifuggdB000
rpm for 1 min and the flow thorough together witle tollection tube discarded. The spin column
was again placed in a new collection tube and j@d0&f wash buffer AW2 added. The column
was centrifuged at 14,000 rpm for 3 min. The fldwrbugh and the collection tubes were

discarded and the spin columns placed in a cle&nmil. micro-centrifuge tube followed by
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addition of 30ul of elution buffer (AE buffer) to the DNeasy colamThe column was incubated
at room temperature for 1 min and centrifuged fonifh at 8000 rpm to elute the bound DNA.
DNA extracted from samples was quantified usingaaadrop spectrophotometer and the purity
determined by measuring the intensity of absorbarid@NA solution at wavelengths 260 and

280 nanometres.

2.6 Oligonucleotide primers

Primers used where synthesized at Bioneer and kuedéy provided by International Livestock

Research Institute (ILRI) (Table 3).

Table 3: Sequence of primers

Primer ID Sequence (5’-3")
Outer primers ITS1 GAT TAC GTC CCT GCC ATT TG
ITS2 TTG TTC GCT ATC GGT CTT CC
Inner primers ITS3 GGA AGC AAA AGT CGT AAC AAG G
ITS4 TGTTTTCTT TTC CTC CGC

These primers were designed to amplify the intemaalscribed region (ITS) region of ribosomal
DNA (rDNA), a region which varies in size withinypanosomespecies, except for members of
trypanozoongenus and are therefore capable of differentiatigganosomes based on their
amplified fragmentsITS 1 and ITS 2 (outer primers) amplify the conservegions of ribosomal

DNA (rDNA), small sub-unit(SSU) and Large sub-uiiSU) represented by black arrows while
ITS 3 and ITS 4 (inner primers) amplify the non iogdspacer regions of rDNA and are

represented by white arrows (Fig. 6).
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Figure 6: Schematic diagram of rDNA showing ITS 1 ad ITS 2 annealing positions

(Coxetal., 2005)

2.7 PCR amplification and agarose gel electrophores

All PCR amplifications were done in gOreaction volumes containing final concentratiafs
1x invitrogen® PCR buffer, 3.5mM Mgc(Promega), 0.2mM dNTPs mix, 1.25linvitrogen®
Taq, 100ngil of each forward and backward primer. All the DIAmples were screened for the
various trypanosomspecies. A set of purified genomic DNA of b. brucei, T. ¢ Kilifi and

T. ¢ Savannah, (strain 1L1180) were included as pasitontrols during all PCR assays and
distilled water as negative control. In the firsund of reaction the outer primers (ITS1 and 2)
were used. The reaction conditions were as follolvgycle of 95°C for 7 minutes as initial
denaturation followed by 35 cycles of 94°C for Injr65°C for 1 min, and 72°C for 2 min. The
final extension was done at 72°C for 5 min. Tharta cycling was carried out on a Bio-Rad
thermocyler. In the second round of reaction theroprimers (ITS 1 and 2) were substituted with
inner primers (ITS 3 and 4) and 5ul of round oneRA®oduct used as DNA template. The
reaction conditions were as detailed previoushbdth reactions 5ul of DNA template was used.
To analyse the amplicons 10ul of the PCR produst@aolved in a 2% % agarose gel at 80 volts

for 45 min and the gel visualised under UV follogiethidium bromide staining.
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2.8 Data analysis

Apparent density (AD) is an estimation of flies’ndgy and is given in terms of the number of
flies caught per trap per day (FTD). It was caltadausing the formula:

F

XD

FTD =

where:

¥'F is the number of total flies,
T is the number of functioning traps
D is the number of days for which traps were operational (FAQ, 1982).
If a trap was not operational for some reasongeitieing blown down or cage being knocked off,
it was excluded from the sum of trap days. Aftetagbing AD for each trap, mean AD for each
trapping site was calculated. This statistic is omt@nt as it gives a detailed data on tsetse
distribution in the area. One way ANOVA (analysisvariance) was then used to compare the
mean AD for the five trapping sites in order tadfiout if they were statistically different.
Overall infection rates of trypanosomiesG. pallidipesand G. longipenniswere calculated in
percentages by taking the number of positive fieseach species divided by the number of
dissected flies and multiplied by 100. The assamiadf infection rates with fly's sex and vector
species was tested using a Chi-square test. Alabore analysis was also done to establish
whether there was a relationship between infectaias and apparent densities. The infection
rates in the field sites were compared using ong AMOVA and all data were analyzed using

SPSS version 16.0 software at 95% confidence iakerv
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CHAPTER 3

RESULTS

3.1 Nested PCR amplification of trypanosome DNA

PCR amplification of trypanosomes using ITS negtchers revealed DNA fragments of 611bp
for T. vivaxand 1513bp foll. congolenséorest and were within the expected band sizeg (Bi
Positive controls were amplified from. brucei brucei, T. congolendalifi, T. congolense
savannah and. congolensdorest, and the fragments obtained were within dkpected sizes

(Table 4).

Ve M Tbb. TckTcs 1 2 3 4 5 6

1.5kb

1kb

500bp

Figure 7: Image of an agarose gel showing PCR amfiéd DNA fragments using ITS nested

PCR primers

The positive controls ard. brucei brucei(T. b. b), T. congolenseKilifi (T. c. k), and
T. congolens&avannah (T. ¢ .s). ‘M’ is 100bp molecular mark&mofnega). Both samples 1 and
5 are positive foil. vivaxwhile 6 is the negative control. Samples 2, 3 4nglere negative for

trypanosomes.
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Table 4: Trypanosome species and the expected basides on amplification using nested

ITS primers

(Cox et al., 2005)

Trypanosome species Expected band sizes in baserpai
(bp)
T. congolenséorest 1513
T. congolensilifi 1422
T. congolens&avannah 1413
T. congolensd@savo 954
T. brucei 1207-1224
T. vivax 611

3.2 Vector distribution and densities

Out of the 117 flies trapped in the ar€a, pallidipesconstituted the largest percentage of 58%
while G. longipennishad 42 %. Among the trapped tsetse 39 (33.3%) teserals while 78 (67
%) were non tenerals. In Kamunyu ar@&ajongipennisvas the most prevalent species although a
small proportion ofG. pallidipeswas also recorded. In Ngiluni, Kyusyani, lviani adthunguni

the most prevalent species waspallidipeswhile Ngiluni and Kyusyani had both tsetse species
(Fig. 8). There were no flies trapped in Kathekamga which initially had been included as one of

the study sites.
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Figure 8: Distribution of Glossina species captured from study sites in Mtito Andei ision

The overall mean AD for Glossina species was @e3 fber trap per day with apparent densities
(AD) ranging from 0.1 to 0.5 depending on the laggFig. 9). There was no statistical

significance in the mean AD @lossinaspecies captured across the five trapping sites.
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Figure 9: Comparison of Mean apparent densities witin the five trapping sites

Other thanGlossinaspp, the area was also inhabited with mechanieed #uch aJabanusspp
and Stomoxyspp Tabanidswere highly predominant overt@noxinesin all the trapping sites
with an overall fly trap density (FTD) of 0.11 whiStomoxyspp had 0.02. Of all mechanical
vectors,Tabanidsaccounted for 84% whil8tomoxy$ad 16 % with the later being recorded only

in Kyusyani area (Fig. 10).
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3.3 Infection rates

Out of 78 flies analyzed using nested PCR and dettrephoresis, the prevalence of
trypanosomes infection iG. pallidipesandG. longipennisvas 5.77% and 23.08% respectively
(Table 5). Moreover, the overall infection ratealhGlossinasppwas recorded as 11.53%. There
was a significant difference in the trypanosomdsdiion rate with variation oBlossinaspecies

(p<0.05). Infections witf. vivaxwere the most prevalent and dominant (10.26%) th bpecies

Figure 10: Relative distribution of total fly catch

of tsetse compared T congolenswith a prevalence of 1.28% (Table 5).
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Table 5: Trypanosome infection rates irGlossina species

Count Infection Overall
Uninfected T.vivax T.congolense infection  Total
forest rates (%)
Vector G. pallidipes 49 2 1 (1.92%) 3 (5.77%) 52
species (3.85%)
G. 20 6 0 (0%) 6 26
longipennis (23.08 (23.08%)
%)
Total 69 8 1 (1.28%) 9 78
(10.26 (11.53%)
%)

There was a significant difference (p<0.05)invivaxandT. congolensénfections in males and
females.T. vivaxand T. congolensenfections in males were 11.63% and 2.33% respelgti

while females had 8.57% infections withvivaxonly (Table 6).

Table 6: Comparison of infection rates in male andemale flies

Glossina spp Infection Overall Total
Uninfected T.vivax T.congolense infection
forest (%)

Sex Male 37 5 1 (2.33%) 6 (13.95%) 43
(11.63%)

Female 32 3 0 (0%) 3 (8.57%) 35
(8.57%)

Total 69 8 1 (1.28%) 9 (11.53%) 78
(10.26%)

Although more males were infected than females witbrall prevalence of 13.95% and 8.57%

respectively, this difference was not significant
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Infection rates for Kamunyu, Ngiluni, Kyusyani, dwii and Nthunguni were 6.41%, 1.28%,
2.56%, 1.28%, and 0% respectively and ANOVA congmars indicated that they were

statistically different (P<0.05).

Least significance difference (LSD), a post hoct tes multiple comparisons showed that

infection rates were only statistically differenetveen Kamunyu and Ngiluni, Iviani and

Nthunguni but not between Kyusyani and Kamunyu.

A correlation analysis between apparent densitieb iafection rates showed a strong positive
relationship with a correlation coefficient of 0.9Bor instance, Kamunyu area recorded the

highest apparent density as well as the highestiioh rates.
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CHAPTER 4

DISCUSSION AND CONCLUSIONS

4.1 Trypanosome distribution and densities in MtitoAndei

This study found that there was variation in th&rdhution ofG. pallidipesandG. longipennisn

the area. The absence of tsetse in Kathekani whitlly had been included as one of the study
area, suggests that these flies may have shiftesthier areas. This is probably due to higher
human settlement, farming and deforestation whaleldestroyed their habitats.

G. longipennisvas the only fuscan group of flies trapped in M#ndei and is known to occur in
other Eastern Africa countries such Tanzania, Ugafiidan, Somalia and Ethiopia (Ford and
Katondo, 1997). This species is found in drier areeore than any other tsetse of fusca group
(Glasgow, 1963) and this is because the pupariumacts large water reserves and a low
permeability of its pupal membranes which helptoisurvive harsh environmental conditions
(Bursell, 1958). It is therefore suited in Mtito éei as this is a semi arid area.The typical habitat
for this fly is dry thorn bush riverline thicketsear acacia woodlands and Mtito Andei is
characterized by this type of vegetation. This mseqrefers shady sites of tree trunks, logs and
underside of branches of multi stemmed trees aseltmg sites (Langridget al., 1963).

G. pallidipesfavor dense evergreen vegetation, heavier shatl@wamid habitats which are close
to riverline thickets (Leak, 1999) and most ofdhdlies were colllected in areas close to Mtito
Andei River and Athi RiverG. pallidipesis a morsitan group of flies which is widely distrted

in Kenya and is a major vector of animal trypanosamns (Langridgeet al, 1963). It is also
present in other Eastern African countries sucdgenda, Ethiopia and Somalia. Previous studies

have shown thab. pallidipesmight be a vector ofrypanosoma b. rhodesiensausing Human
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African Trypanosomiasis (HAT) in Western Kenya aBdsoga District of Uganda, as this
parasite has been isolated from the fly (Owhal, 2011).

Among the mechanical vectors found in Mtito Andegbanidswere highly predominant over
Stomoxinedn all the trapping sites with the later beingaeted only in Kyusyani are@his data
shows that the species composition of mechanieg i strongly dependent on site, substantial
differences in climatic and environmental condificams well as the eco-climatic area sampled.
This observation is in agreement with Koeteal, (2011). Similar observations farabanidae
have been made in other areas such as Brazil @Bamd Foil, 1999) an&tomoxyinaeon La
Re’union Island (Gilles, 2005 cited in Konetsal, 2011).

The presence of mechanical flies in the area canmmaonderestimated as they have been shown
to mechanically transmit. vivaxandT. evans(Desquesnesst al, 2009) and can be responsible
for periodical epidemic patterns in low tsetse dgrereas. Similar observations have been made
in other areas such as Boromo in Burkina Faso wpenedical epidemic patterns correspond to
the annual peak of mechanical vectors suchtgotus aguestigkone et al, 2011). Rahman,
(2005) reported the same in tsetse free areasda#rSwhere trypanosomiasis outbreaks coincides
with high periods offananidsandStomoxyspp.

Despite the low mean AD recorded for tsetse in #nes, it is possible that tsetse serve both as
cyclical transmitters and reservoirs of the paeagihile the mechanical vectors amplify it during
high density periods. Other than amplifying thegs#ée, the mechanical flies can introduce it to

other areas through immigration.

4.2 Trypanosome infection rates

This study determined the overall trypanosomtection rates of 11.53%. This result is in

agreement with previous reports which showed tleglence of trypanosome infections in the
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field caught flies was typically low, at about 1G24d was associated with interactions of various
suppressive factors in the generally susceptigl@dbulation (Askoy, 2003). Further, there are a
number of barriers to both establishment and maturgrocess of trypanosomes and thus only a
small proportion of these infections reach matu(it§yaudlin and Welburn, 1989). It is also
possible that these trypanosomes may lack diffex@on triger or may be held back by the fly’s
immune response (Askoy, 2003). However, this stietyrded a lower trypanosome infection
rates as compared to Teso and Suba Districts ofeiveKenya, where Thumiet al.,(2008) has
reported trypanosome infection rates of 41% and 288pectively. In Coastal area of Kenya,
Tarimo et al., (1984) has reported trypanosome infection rate§2062%, 7.24%, 9.50% and
7.97% in Ukunda, Diani, Muhaka, Shimba hills and &flewa Coastal areas respectively in a
study carried out between 1980 and 1982 using spagiecific primers.

The overall trypanosomes infection rate<Gnpallidipeswas higher than . longipennisand
this difference was significant. Njirat al., (2004) studyingGlossinainfection rates in Coast
Kenya has also reported comparable findings witbction rates of 5.7% iG. pallidipesand
0.2% in G. longipennisbeing recorded. However, the dominant trypanosopecies was
T. congolenséorest type with a prevalence of 47.2%. The diffieein infection rates in the two
tsetse species in Mtito Andei could be due to viamain feeding preferences and host range
differences (Bitewet al, 2011). Jordan, (1974) reported that tsetse speegpond differently to
infections implying that there could be involvemenit genetic differences. Within species
infection rates may also vary due to individual thiagtors. For instance, the vulnerability of
flies to T. bruceiinfections was shown to be due to maternally litd@ features which are
associated with the prescence of intracellularetikal like organisms (RLOs) (Maudlet al,

1989). Tsetse carrying these RLOs and other coamcuinfections such as bacteria, fungi and
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virus in the midgut were six times more likely be infected with trypanosomes than those
without. Moreover, the nutritional status of thetse at the time of infective bloodmeal can also
affect their ability to acquire trypanosome infens (Kubiet al.,2006).

The number of parasites available to infect tsqiseasite infectivity to tsetse and the strain or
subspecies have also been found to affect infectites in tsetse (Jordan, 1974). Further, low
vectorial capacity has also been reported andoi® mronounced iRalpalis subgroup. The low
vectorial competence in son@ossinaspp is associated with higher levels of attacipregsion

in the proventriculus and midgut (Nayduch and Ask807).

Such a trait has also been reporteirpallidipesandit could explain disparity of infection rates

betweerG. pallidipesandG. longipennigWelburnet al, 1989 ; Ingram and Molyneux, 1990)

T. vivaxinfection was the most prevalent and dominantlliinrapping sites thaf. congolense
and this difference was significant. These resaléscomparable to Tesfaye, (2006) report where
infection rates withT. vivaxwere 5.8%, 4.3%. congolenseand 0% withT. brucei Similar
findings were also reported in Luangwa Valley ZaanfWoolhouseet al., 1994). Contamination
can be precluded because contamination controledcoh batch of experiments always gave
negative results. The high&r vivaxinfections can be ascribed to short developmédifealcle of
about 10 days which is entirely confined within gmboscis. Foil. congolensand T. brucei
development period has been estimated to be 14ataly80 days respectively (Van den Bossche
et al, 2010). Further, compared to proboscis, tsetsd#gui is a hostile environment which
contains mid-gut lectins which are able to killganosomes inivo (Welburnet al, 1989). Mid-

gut also has proteolytic digestive enzymes, podstitmicrobial substances (Kaagaal, 1987),

prophenoloxidase cascade (Nigaeh al 1997), immune molecules such as agglutinins and
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proteinous peritrophic matrix which help in expieasof immune effector genes and mediating
communication between the gut and the fat bodyerdatwhen pathogens are encountered (East
et al, 1980; Ibrahimet al, 1984; Ingram and Molyneux, 1990). The presencalldhese immune
molecules can prevent establishment and maturatioh. congolenseand T. brucei as these
parasites use midgut in part of their lifecyclesdeethe low infections rates detected. It is also
known thanT. congolenssubtype parasites are generally low with low ptaamia than those of

T. vivax (Jordan, 1974 ; Stephen, 1986). It is thereforgsinbe that such scanty parasites are
rarely picked up by the flies during feeding whitlay account for the inability of the parasite to
get established in the vector.

This study revealed more infection rates in mabes tin females. Samet al., (2011) in Nigeria,
has also reported higher infection rates in males females. Miholet al, (1992) suggests that
female flies should have higher infection ratesithmales as they live longer than males and thus
they have higher chances of getting infection. Hevethis relationship has not been established.
In contrast , Marlene and Mckean, (1996) explaiat tore males may be infected than females
as they as they are involved in sex activities empetition than females. Whether more males
or females are infected in field tsetse populatitims study found no statististical differencelwit
variation in sex.

Apparent densities were strongly positively conedla with infection rates(r=0.95).This
observation validates this parameter as an indicdt AT transmission risk. Konet al, (2011)
reported comparable results in Mouhoun River ba8iarkina Faso where infection rates

positively correlated to apparent densities (r=0.97
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4.3 Conclusion

The role of tsetse is important in maintaining titypanosome parasite as they were dominant and
prevalent in all trapping sites than mechanicastlilt is therefore possible that the sustainable
reduction of tsetseStomoxysandTabanusspp. from Mtito Andei Division can greatly reduibe
prevalence of AAT. This study showed significantiigher trypanosome infection rates @
longipennisthanG. pallidipeswith no difference in infection rates when maled éemales were
compared.T. vivaxwas the most dominant and prevalent trypanosoreeiesp in all trapping
sites. Mean apparent densities were also strorggitipely correlated to infection rates implying

that this parameter is a good indicator of AAT #assion risk.

4.4 Recommendations

1. Since bothT. vivaxand T. congolenseare pathogenic in cattle and other ruminants, it
would be important to conduct large scale integrdsetse control in Mtito Andei by
application of vector control strategies coupledhweurative treatment of livestock as
these animals could act as source infection tgdset

2. Further surveillance studies to determine trypames@revalence in livestock should be
conducted in this area for effective trypanosorsiasintrol programs.

3. Entomological surveys should be conducted at diffeiseasons to understand seasonal
dynamics of the vectors and the associated trypemiesis risk. Data on seasonal
variations of potential vectors can be integratad iepidemiological models to facilitate
better understanding of the relative importanceyafical and mechanical vectors in Mtito

Andei.
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