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ABSTRACT

Footandmouth disease (FMD) is endemic in Tanzania since it was first reported in 1954
Footandmouth diseases caused by FMD virus (FMDV) #t presents in seven serotypes.
The FMD outbreakghat occur almoseach yeaare caugd by different serotypes in the
country. With its large area of 945 000 kamd its climate which varies from tropical to
temperate, largenumber of livestock including 25.8nillion cattle (Ministry of
Agriculture, Livestock and Fisheries, 201&0d highdensity of wild animals, it is very
difficult to control the spread of thiesconomicallyimportant viral disease.This is
compounded bythe lack of the comprehensive studies thatil@d indicate thespatial
distribution of genetically divergerffMDV field strains This study was conducted to
investigate the distribution of FMDV strains circulating in th@untry, with the main
focus onthe molecular epidemiologgf FMDV in endemic settings of Tanzania using the
molecularapproachand field epidemiologicatdlaa. The overriding research question for
thisstudyw a s  fisathe @dntribution of genetic vabdity of FMDV to the occurrence

of FMD in Tanzani@ 6 The gener al 0 bwas to tdetarneinetle f t h
epidemiological information andolecularand gnetic diversity of circulatindg-MDV

field strainsin TanzaniaA cross sectional study dga was used for this researchan

total of 361 (n=361) epithelialtissuesamplesfrom tongue and inteligital space of feet
were purposivelycollected fromFMD sugpected cases/outbreaksdiiferent geographic
areas of Tanzanid.aboratory analysis of samples collected between 2008 and 2013 was
performed athe Centre for Infectious Diseasand Biotechnology (CIDB) and Faculty of
Veterinary Medicine, Sokoine Univaty of Agriculture using the optimized protocols
adopted by the FAO World Reference Laboratory for FowMouth Disease
(WRLFMD). A reattime RT-PCR was used to screen epithelial samples to ascertain the

presence of the FMDV genome in the sam@lenvenional RT-PCRemployingserotype



specificoligo-nucleotide (primer9 was used to amplify genome fragments of FMDV in
the vesicular epithelium. Two assays rdahe RT-PCR and antigemetectionELISA

were evaluated for their specificity and sensitivity tass of choice fordetection of
FMDV from field samples.The genetic characterizatioaf 56 field sampleswas
performed by VP1 sequencing and phylogenetic analgsgyNeighbourjoining method

A sensitivity result for rRTIPCR assay wal6.68% (n= 26) and specificitywas 700% (n=

21) while for AntigenELISA had asensitivity of 70.0% (n= 21) with a specificity of
70.0% (n= 21) These results were stithoderate as most of the time AntigéhlSA can

give positive results with only about -BD% of epithell suspensions that contain virus
due toits low sensitivity. The phylogenetic analysis of type O revealed #ibsamples

(n= 39) clustered into the EA topotype while, serotype A (n=12), viruses were classified
into one major genetic clade {5 within topotype AFRICA andSAT1 viruses (n= 5)
were placed within the topotype 1 (NWZ4jor SAT1 the nucleotide differences in VP1
coding region was between-25.0%; the nucleotide number of composition was 663 and
the average nucleotide match was from -680 with the other Tanzanian strainghe
molecular epidemiological results from this study indicated the increase of genetic
variability of FMD viruses that are independently maintained willanzaniaandthe east
African region. These findingssuggest thabutbreaks that took place during the last six
years were scattedthroughout the country/region and there is suggestive evidence of the
history of introductions, exchange and spread of FMRBAthin Tanzania and its
neighbouring border countrieBhylogendt analysis of complete VP1sequences revealed
evidence forthe presencef distinct strains within the country and historiagnetic
relationship of some strains within the Great Lakes countfi@drica.

Thi s study provi des geneficicharactaifatioepidegnmiologicald r e
situationand phylogeography oFMDV circulating in Tanzania from 2002013. Also,

dueto gradual increasef the amount of diversity within Tanzanian strains (e.g. serotype



O) it is advisable that the future syushould be basedn molecular evolution of FMDV

with the main focus of understanding the rates of nucleastidhstitution.Further studies

are required to investigate the possible sources of FMDV, transmission ability of field
strains and maintenance afuses in Tanzanial herefore, further studies should be done

to ascertain the possible sources of FMDV and how it is maintained in these endemic

settings.
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CHAPTER ONE

1.0INTRODUCTION

1.1 Background

Footandmouth disease virus (FMDV) belongs to the gerghthovirus, family
Picornaviridaeand causebootandmouth disease (FMD3 highly infectious disease that
affects domest and wild cloverhoofed animal species (Bastesal, 2003; Quiaret al.,
2003).The virus exists in seven serotypes, whenetogectionfrom one serotype does not
confer immunity against the other sixodtandMouth Diseases highly contagious and

that the virus has high antigenic diversity that makes the disease difficult to control. The
disease causes significant economic losses due to deaths of young animals, decreased
productivity, and trade sanotis against livestock and livestopkoducts frominfected
regions. The potential for high economic loss is exemplified by the devastating 2001 FMD
epidemic in the United Kingdom that resulted in a total cost of over £5 b{aight-

Jones and Rushton, 2013)

The term O6topot ype presence ofugenetiallytand geographiealtyt t
distinct evolutionary lineages (Samuel and Knowles, 2001); for example, the serotype
South African Territoriesl SAT1) can be grouped into eight topotypes | to VIii
(Appendix 1). This is based on nucleotide défieces (withinviral Proteinl ¥P1) coding
sequence) of up to 15% (Samuel and Knowles, 2001g.serotype SAT1 topotype Il is

found in Tanzania, Zambia, Malawi, Kenya and Zimbabwe according to the study done by
Vosloo et al, (2002. SAT2 viruses appeap tbe particularly diverse, with the largest
number of topotypes, whilst serotype C, probably as a result of being the rarest serotype in
the continent, has the fewest (Bastdsl.,2001; Knowleset al, 1998; Reickt al, 2001;

Sangareet al, 2001, 20012002b; Voslocet al.,1 9 9 6 ) . Topotype Orich



thus summarized as SAT2>SAT1=A>0>SAT3>C and furthermore, topotypes diversity
does not appear to be influenced by serotype prevalence which is broadly described by

SAT2>0>A>SAT1>SAT3>C (Vosloet al.,2002).

FMD serotypes show that six of the seven serotypes of FMD (O, A, C, SAT1, SATZ2,
SAT3) have occurred in Africa, while Asia contends with four serotypes (O, A, C, Asia
1), and South America with only three (O, A, C). Periodically, there haea incursions

of types SAT1 and SAT2 from Africa into the Middle East (Donaldson, 1999; Valarcher
et al.,2004; FMD Homepagé Maps, 2006). This disease is endemic in most countries of
subSaharan AfricgVosloo et al, 2002 and is commonly reported iBouthern African
Development Community (SADC) countries and efforts to control to date have not been
very successful. This is mainly due to the inadequatewledge on the actual FMDV
serotypes and topotypes circulating in these countries. The knowlettges#frotypes and

topotypes is a prerequisite for effective regional disease control strategies.

The epidemiology of FMD on the African continent is influenced by two different
patternsyiz, a cycle in which wildlifeungulategplays a role in maintaing and spreading

the disease to other susceptible domestic animals and a cycle that is maintained within
domestic animals and that is independent of wildlife. In southern Africa, the former cycle
predominates due to the presence of African buff8n¢ers caffe), the only wildlife
species for which lonterm maintenance of FMDV has been descrifidddgeret al.,

1973. In SADC region (Angola, Botswana, Democratic Republic of CobDiRC,
Lesotho, Madagascar, Malawi, Mauritius, Mozambique, Namibia, Segshe$outh
Africa, Swaziland, Tanzania, Zambia and Zimbabwe) both cycles probably occur, while in
West Africa, due to the absence of significant numbers of wildlife hosts the virus is

believed to be maintained primarily within the domestic animal cyclsolrthern Africa,



a number of countries have been able to control FMDV by separating infected buffalo
from livestock and by limited use of vaccinatiddoth (Vosloo et al, 2004, 2002 and
Bathoet al,, 2009, conducted an FMD emergency audit on Southeric&fand observed

that Africa has the greatest diversity of FMD serotypes.

Based on the prevalence d&tam (Rweyemamuet al.,20081), the distribution of FMDV
serotypes and topotypes is due to factors such as animal movement patterns, impact of
wildlife and the farming systems. Lack of movement control within countries and across
international borders for both wildlife and domestic animals aggravates the problem, and
gives credence to the fact that FMD will remain a problem on the continent for the
foreseeable future. The intense trading of animals and animal products within Africa and
their export to other regions, make this continent a major source and reservoir of FMDV

sometimes providing new variants which impact a wider re@lon et al, 2009).

From the epidemiological surveillance done by Rweyemaal., 2008b it has been
observed that Tanzania is in the Great Lakes cluster which comprises of the countries of
East African Community (EAC) (i.e. Tanzania, Kenya, Uganda, Rwanda and Burundi)
plusthe eastern part of the Democratic Republic of Congo (DRC). This region not only
has large livestock populations but also the highest concentration of wildlife in the world.
Farming is dominated by agmmastoral communities and is characterized by communa
grazing and migrations. Eastern DRC is heavily dependent on dfalilestock from
Uganda, Tanzania, Rwanda and Burundi. This Great Lakes cluster probably contains the
most complicated FMD situation in the world. The cluster probably contains seveltal FM
primary endemic foci. Five serotypes (O, A, C, SAT1 and SAT2) are endemic in this
cluster and the sixth serotype (SATi8plated in wildlife (African liffalo) in Uganda in

1970 (Hedgeet al., 1973), has not been isolated from the livestock in the Guaets

clusterexcept for a receneport from Uganda of SAT3 from an long horned ankole calf



(Dhikusookaet al, 2015). According to Sangulet al, 2011andJamal and Belsham,
(2013 serotype C has not been identified eMeere since it was last isolated Kenya

2004.

In Tanzania the common bovine FMDV serotypes observed are SAT1,, $Ad&Rd O
(Fig. 1. These serotypes were identified BELISA Antigen during the period of seven
years 2002009 (Kasangeet al, 2013. The serotypes were observed frora thllowing
regions namelyKagera (type O), Kilimanjaro (SAT 2), Morogoro (SAT 2), Pwani (SAT1
and SAT2), Rukwa (SAT2), Singida (SAT2) and Tabora (SAT1) (Kasahgs., 2014,
Kasangaet al., 2012; Kivaria, 2003). The geographical distribution of FMDVosgoes

from (19672009), is shown in Fig.(Kasangeet al.,2014).
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Figure 1. Map of Tanzania showing location of the 48 virus isolates (1962009),

Source:Kasangaet al.,2014

The prevous efforts to control FMD vyieked futile results, as there are reported sase
where there wasccurrenceof the disease after the animals have been vaccinated. Also
the use of quarantine and culling strategies are very expensive toeegadutlifficult due

to geographical landscapé the couttry. According toPaon et al.,2009, control of FMD

needs early warning and immediate epidemic respthradewill include arapid typing of



FMDYV isolates This is very importanto identify suitable vaccines anciécton of the

antigenic shift which is@t done in most of the third world countries including Tanzania.

The intention of this study was tovestigatethe genetic variability of FMDVin relation

to the endemicity of FMD in Tanzania. The study was based on the application of the
molecular andepidemiological data to determine thestribution, phylogeography of the
circulating FMDV in livestockwithin Tanzania. The outcome of this reseaoduld
provide information necessary for recommendabbproperdisease conbl measures in

Tanzania andeighbouring countries

1.2 Problem Statement and Justification

FMD is still a mapr global animal health problem arnd a severe constraint to
international trade on livestock and livestock products. Although FMD has been
eradicated in Europe, North Amea, parts of South America, Australia and some island
regions of Asia, it is still prevalent in many countries in Africa, Asia and South America.
Between 2002 and 2010 the numbers of FMD outbreaks have occurred in i{§alguhn
region and increased firequency and in some cases outbreak have persisted for longer
periods than expected up to 24 months (SADADs, 2010 report). The reasons for this
situation are complex and of multifactorial nature; this is due to the highly infectious
natureof the FMDV and the compoundingconomic constraints following an outbreak of
the disease.

The SubSaharan region is facing a fundamental dilemma in the context of FMiBoton
and elimination strategies due to persistenfcparticular genetic subtypes (topotypas)
observedver the last 40 years (Kitching, 2000; Knowles and Samuel, 2003). Also, there
is no any control programme thatcludes theseountries;this is due to differencgin

economy and social developmerithere are significant gaps in knowledge; mattarly



with regards to the manner in whittke viruses persist, spread, and evolved anidoswnto
stimulate a better immune response through vaccination (Batn 2009). Considering
that, there is inadequateformationon the existence of specifier®types and topotypes
circulating in different specific locations dfis region. There is need feurveillance and
charactezation of the virusin this study, the VP1 coding region sequences were used to
identify the four serotype and genetic relasbip between the virusegP1 is among the
four structural proteins and is exposed on the capsid surface (Ackargh 1998;

Domingoet al.,2002)andit plays an essential role in forming the virus particles.

The VP1 protein is highly polymorphic amarries the virus major neutralizing antigenic
sites (Kitsonet al, 1990; Thoma®t al., 1988). Over the years, the partial or complete
VP1 coding sequence has been used in the molecular epidemiological investigation, the
development ofgenetically engieeredvaccines, and the estaldhment of diagnostic
methods as well as to traacgigin and the spread of FMD¥nd also for typing and
subtyping of the virus (Beck and Strohmaier, 1987; Raiaboet al, 2000). So the
partial and full VP1 nucleotide sequees are the preferred region for comparison of

FMDYV isolates

The disease status in the country is rampant as for the period of my{20162013)654

cases were reported (WD annual report, 2013].he efforts to controFMD in Tanzania

are not very #ective due to the lack of appropriateolecular epidemiologicaland
baseline surveillancdata.This is due to the fact that the molecular characteristics and
spatiotemporal distribution of recent FMDV strains have not been consistently studied.
This data will provide FMDV diversityinformation in the region that coulbelp in
making tailored vaccines. As vaccine strain selection for emergM®V endemic

countries can be addressed through antigenic and genetic characterisation of recently



circulating viuses (Bariet al, 2014). Control by vaccination is very difficult due to the
genetic, antigenetic variations between the existing subtypes and also the information gap
concerning the ability to predict the performance of vaccines. Therefore, vacciration c

be effective in one area but notanotherdespite ofusing the same strain of virus due to
inadequate knowledge abaantigenicity,temporal and spatial dynamics of the virusttha
coulddirect vaccinanatching.Improvement of laboratory and the fietdst could also be
usedin generating reliable information that can be utilizedcontrol the occurrencef

FMD and its spread to the new area within the country.

The key research questioofsthe current study were:
1. What are the genetic characteristafscirculating FMDV in endemicsettingsof
Tanzania?
2. Are the FMDV subtypes restricted to specific geographical location in Tanzania or
is there a more wide spread occurrence from neighbouring countries?
3. What is the ensitivity and specificity of AntigedELISA and Real time RIPCR in

detectionof FMDV?



1.3 Objectives

1.3.1 General Objective

To determine molecular characteristensdgenerateepidemiologicabdatdinformation that
could be used tetudy and analysthe genetic diversity of FMDV in endemietings of

Tanzania.

1.3.2 Specific Objectives
I. To determine the sensitivity and specificity of HRCR and AntigefELISA.
ii. To determine thegenetic diversity anghylogenetic relationships of the currently
circulating FMD virusesising the virus structurgrotein (VP1) coding sequence.
iii. To examine the spatiotemporal distribution of FMDV serotypes and subtypes in

Tanzania.
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CHAPTER TWO

2.0LITERATURE REVIEW

2.1 Historical perspective and economic importance of FMD

Footandmouth diseasés a highly contagius disease affecting clowoofed anima

such as cattle, buffalo, pigs and small ruminants (Alexandessah, 2003). The first
written description of FMD probably occurred in 1514, when Fracastorius described a
similar disease of cattle in ItalyFacastorius, 1546 Almost 400 years later, in 1897,
Loeffler and Frosch(1897) demonstrated that a filterable agent caused FMD. This was
the first demonstration that a disease of animals was caused by a filterable agent and
ushered in the era of virologglso this can be found in a book from the Italian physician
Hieronymi Fracastorii (Wright, 1930) in which, he described a cattle disease similar to the
signs manifested by animal suffering from FMD. Since then, several indications of FMD

can be found inhe literature (Thalmann and Nockler, 2001).

For Tanzania, since its first documentation in 1927 and first isolation of the virus in 1954,
many FMD outbreaks have occurred across different areas. It is the most important viral
disease that is endemic amabst important transboundary animal dissagEADS) in
Tanzania (Swaet al.,2009). Of the seven known FMDV serotypes, four (O, A, SAT1 and
SAT2) have been previously identified and reported in &aiz (Mlangwa, 1983;
Rweyemamu andoretu, 1972; Rweyemamet al, 2008b; Swaket al, 2009; Voslocet

al., 2002).

FMD ranks as one of the most economically important infectious diseases of animals
according to the World Organisation for Animal Health (OIEMD has very serious

dired and indirect economic ef€ts.Direct economic effects includess of productivity
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in terms of meat and milk, loss of draught power, loss of weight, retardation of growth,
delayed congation and abortion, death in gak and lambs (James and Rushton, 2002).
Apart from the impaciof FMD on animal health, the disease has been described by
Rweyemamu and Leforban (1999) as the most important constraint to international trade
in animals and animal products, which restricts trade in a <goutbrth direction

(Rweyemamu and Leforban, 99).

The severity of the disease depends on the virus straithargpe of animal affected, and
sequelae are found to be more important than the clinical disease (Woodbury, 1995;
Kitching and Hughes, 2002). For examgtem the second half of the #@entury, on the

account of the increase of animal trade due to development of new transport routes

( ObRour ke and Williamson, 2002) , the dis
cause severe economic losses. According to Pieadd, (2010, FMD hashad a great
economici mpact on Tanzaniads | ivestock sector

2002 2003 (FAO, 2003).

Thus with this current status of FMD endemicity, it will be impossible for Tanzania to
participate in internationdivestocktradebetween countries according to OIE regulations
(OIE, 2013). The emphasis on FMD control is to enable the country to get FMD free
status s@sto create international marketsat will help reducgoverty in FMD endemic
countries like Tanzania (Pergnd Rch, 2007). Theseanimal diseases, in particular
transboundary animal diseag@#\Ds) such as FMD, severely constrain the development
of competitive livestock enterprises in developing countries (Perry and Sones, 2007;

Knight-Jones and Rushton, 2013).
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2.2 Control of FMD

Since the beginning of the 'Q@:entury, FMD has been of considerable concern to many
countries, and outbreaks or the fear of disease incursions have led to the establishment of
institutes to investigate methods to control the disegsechoice of control policy adopted

by a given country depends on its FMD status and the risks of incursions of the disease (Ahl

al., 1991).

The world distribution of this one disease is almost a mirror image of the -wltd

global economic structureith the highincome, industrialized countries being generally
free from FMD, while the disease is persistently endemic in-itmome countries
suffering from food deficits (Rweyemamu and Astudillo, 2002). Rweyemamu and
Astudllo (2002) suggested thateffective and sustained control of FMD at any
geographical level could only be achieved through inclusiveaiga programmes rather

than through isolated individual farm interventions, unless animals are housed under a

high level of biesecurity.

The suaess of any FMD control campaign ultimately depends on the abundant supply of
vaccine of the appropriate strain composition and proven potency, adequate vaccine
coverage, rapid vaccine development, overall planning and management by-a well
resourced vetemary service, and the involvement and cooperation of the livestock farmers
(Rweyemamu and Garland, 2006; Maetal.,2014). Vaccine$or the control of FMD in
endemic regions are mostly used for mass prophylactic application. Such vaccines are
multivalert to provide protection against multiple serotypes, and should have a potency of
at least 3potential dose¢PDsg) per dose (Rweyemamet al., 2008b). This approach is
compatible with the Progressive Control Pathviely FMD control (PCRFMD) (FAO-

EuFMD-OIE, 2011), which is designed to guide countries in the planning and
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management of efforts to increase the level of control of FMD from the early stages up to
the point where an application to the OIE for official recognition of freedom from FMD
(with or without vaccination) may be successful and sustainable. TheFRICP is
implemented both in FMD free areas as to maintain their OIE free status and in endemic
settings. The current inactivated ecawes have proven effective in reducing clinical
disease in FMBendemic areas and have been critical to the success of FMD control

programs in South America and Europe (Brown, 2003).

2.2.1Control of FMD incursion into FMD -Free Countries or Zones

In countries free of FMD that have naive livestock populatignsat atention is paid to
reducing the possibility of incursions of the virus. These include border and import
controls of animals and the products from other countries. Most declared FMD free
countries are banking on stamping out, sanitation and restrictivargune as the first
approach for controlling this disease (Pagtral, 2009). The current FMD vaccine is an
inactivated wholevirus preparation that is formulated with adjuvant prior to use in the
field (Mareeet al.,2014). A number of countries havetadished vaccine banks which
contain concentrated antigen stored in the gaseous phase of liquid nitrogen (Doel, 2003).
Antigen stored under these conditions is stable for a longer period of time than formulated

vaccine (Doel and Pullen, 1990).

Vaccine lanks contain antigen against a number of virus serotypes and provide member
countries with an almost immediate source of vaccine. A recent report by Doel (2003)
provides an irdepth review of the history, production, and utilization of inactivated FMD
vacdnes. In case of an ottreak in FMDfree countries stamping out thimplied the

killing and destruction of all infected animals and theimediate susceptible contacts is
applied and idollowed by thorough cleaning and disinfection of the affected mesn

Farmers are compensated for their loss of livestock. The compensation is mostly done in
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developed countries but very rarely in developing countiigs to economic hardslsp

For example, the first country to apply this method was Britain in 1892 aviubstantial
program for FMD contro(Sutmolleret al, 2003). The decision was made to eradicate
every outbreaktby bet &MPi g e-eut hamisithe first e s
option to eradicate the disease. As a first lindeféncat is often quite successful, at least

if the disease has not yet spread too widely and if the density of livestock in the area is

relatively low.

In FMD free countries the control of FMD by quarantiseracticed whereafmers are
advised to keepnovements ofsusceptible animals, people and vehicle to an absolute
minimum. This includes: to limit the movement of people between buildings as much as
possible; to place foot dips at all entrances, service and feed delivery points; to only allow
cleaned and disinfeet! vehicles to visit the farm; to only allow essential visitors; to limit
contact with other peoples, livestock, other keepers of livestock or with people who have
had dealings with livestock such as abattoir workers, pig catchers, veterinarians or other
farm inspectors; to ensure clean boots and clothing is worn on entrance; to ensure that
hands are cleaned and disinfected on entrance; and to control dogs, cats, rats and other
small animals that may spread the disease. Theref@eontrolof the diseasen endemic
areashas a potential toeduce the risk of incursions into disedis® regiongdGrunman

and Baxt, 2004)

2.2.2Control FMD in endemically affected Countries or Zones

The FMD is endemic in Asia, Africa, South America and Middle East (Gleeta,

2003; Kitching, 1998; Knowles and Samuel, 2003). Some countries within these regions
are free from the disease where occasionally FMDV can cause sporadic outbreaks. Foot

andmouth disease is endemic in most of @dharan Africa including Tanzaniand is
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considered to be one of the most widely distributé&Ds in the world (OIE and FAO
Reports 2003). FMD is highly contagious and can spread rapidly through close contact
between animals, as well as on contaminated equipment, clothing and footwear, o
contaminated material such as hay and feed, or on contaminated raw meat that is fed to

susceptible animals.

FMD is listed by the OIE in their notifiable disease list due to its ability of rapid spread
regionally and internationally. St®aharan Africas endowed with an abundance of
wildlife, which has beemonservedvithin national parks and game reserves (Chardonnet
et al, 2002;Mareeet al, 2014). Effective control and prevention of FMD relies largely on
the implementation of strategies such as maysseparation of wildlife and livestock,
repeated vaccination of cattle herds exposed to wildlife, control of animal movements, and
careful assessment of the risk of FMDV introduction into disé@seareas (Thomsost

al., 2003; Bruckneet al.,2002;Jori et al.,2009, Mareest al, 2014).

The accurate diagnosis of FMDV infection is of utmost importance for the eradication and
control of the disease in endemic regions (Magteal, 2014). The initial diagnosis of
FMD is normally based on clinical gis, but this can easily be confused with other

vesicular diseases (Remoetdal., 2002).

For example, in Tanzania most of the vaccines are cocktail of serotype A, O, SAT1 and
SAT2. But, this selection of FMD vaccine candidates is complicated by thespédérum
of genetic and antigenic variability of the FMDV and the continuous emergence of new
mutants from populations that escape the host immune response (Hztydbn2001;
Domingo and Holland, 1988; Hollanet al., 1982). More studies are needed &sess

whether this vaccination strategy of using multiple serotypes would be effective in
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endemic regions of Africa for SAT serotypes and when applied to the field and to find out

whether the production process would be economically viable (Marae 2014)

Additionally, individuals wouldendup sourcingvaccines withouthe knowledge of the
current circulating strains in their region, leading to a poor vaccine match (Mdtede
2014). This often leads to no or ineffective controFMD endemic Afican regions. The
development of new vaccines against FMD in endemic countries in Africa should
therefore take into account the ecosystmamed synchronization as FMD control
strategies employed in these regions (Rweyemamu and Astudillo, 2002). Follaving
FMD outbreak in Africa, most of the veterinary authorities enforce quarantines to restrict
livestock and livestock product movement as the first control measure. Movement

restrictions are necessary to control the potential spread of the disease.

In FMD endemic countries vaccinatida used as a first approach to control outbreaks,
however, should be based on a proper evaluation of epidemiological and risk factors for
each individual contact farm. It was suggested that, there is a great need-tmsagk
surveillance tobe able to determine primary endemic areas and factors that influence
disease dissemination, to assist the design of targetedwaleaor ecosysterhased

disease control strategies, as African regions embark dPGREMD.

2.3 Taxonomy and Classification of FMDV

Footandmouth disease virus (FMDV) is a member of the picornavirus family. The
picornaviruses are currently divided into nine genera; FMDV is the prototype aphthovirus
(Fig.2). Other weltknown picornaviruses include poliirus (PV, an enterovirus), human
rhinoviruses and encephalomyocarditis virus (EMCV, a cardiovirus). Picornavirus

particles are roughly spherical (about 30 nm in diameterjaamaomprised of 60 copies
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of four different virusencoded capsid proteins, VRID), VP2 (1B), VP3 (1C) and VP4
(1A) together with a single copy of the viral RNA genome. Each picornavirus has a
singlestranded RNA genome of positive polarity (about 8 kb in length) and the genomic

RNA is infectious (Belsham and Bostock, 1988).

Genus: Fnterovirus
V-71

CV-Al6
BEV-1 (x3) _
Lol PV-1, PV-2| PV-3
PEYS [ JOV-AIL V=424
_ EV-10

; 5: Rliinovirus y A".B1, CV.B3, CV-B4, CV-BS, SVDV,
Genus: Rhinovirus p. oo j

HEV-16 ~PUV-A9, EV-6, EV-9, EV-11, EV-12
HRV-9 - PEV-8
HRV-80

AEV

Aichi virus

Genus: Hepatovirus
HHAV

EMCV-B
EMCV-Mengo

TMEY-GDVIL K) » QJ}U\\' Hpev BPeV-L
Genus: Cardiovirus iR, AR mipv.sam 4 :
: Genus: Parechovirus

01

Genus: Aphthovirus

Figure 2: Taxonomy ofPicornaviridae SourceKnowleset al.,2008

2.3.1 Serotypes

The grouping iased on the nucleotide sequence of the VP1 (1D) structural protein of the
capsid (Knowles and Samuel, 200Blarquardt and Adam, 199. The VP1 gene is
important due to itsale for antigenicity, immunity three line of defenaed serotype
specificity (Jacksoret al, 2003). These serotypes show some regionblitty are not
distributed equally around the world whitbe O serotype isnost common. Within
serotypes there are multiple topotypes that are usually related to geographical region of the
disease occurrence or subtype. Many studies have been undertaken previously to

characterise and group viruses of each serotype to betterstamtkerthe geographical
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movement of FMDV and identify the source of new outbre@ksowles and Samuel,

2003)

2.4 Footand-Mouth Disease virus structure and Genome organization

The genome of FMDV is over 8000 bases in length and encapsidated in an icalsahed
structure of outer protein (Jacksehal, 2003; Masoret al, 2003a). The FMDV (open
reading frame)ORF can be divided into four regions based on the presence of cleavage
sites; 1P°, structural protein (P1) and naetructural proteins (P2 and P3Rdbertsonet

al., 1985; Rueckert and Wimmer, 1984). ThE’contains two ifframe AUG initiation
codons that encode two L proteins, Lab and Lb. The P1 region of the genome encodes the
four structural proteins, 1A (VP4), 1B (VP2), 1C (VP3) and 1D (VP1) thake up the
outer coat of virugFig. 3).

The outer protein coat of FMID also known as the capsid is made up of 60 copies each
of the four structural proteins. VP4 protein is internally in contact with RNA while the
other three proteins are on the sadaThese four proteins assemble to form a protein sub
unit or protomer and later five protomers join to form a pentamer. Twelve pentamers join
up enclosing a strand of RNA to create a virus particle called provirion. The P2 region
encodes three nestrucural (NS) proteins namely 2A, 2B and 2C and the P3 region
encodes another three RS3A, 3¢ and 30 protein. In addition, FMDV has two

untranslated regions (UTRs) at both ends of the genome.
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Figure 3: Structure and Genome Organization of FMDV. Source: Belsham, (1993)

The 56UTR r egi o nAfragmenty poly i gseloknbt, cte rsteuctug and
internal ribosome entry sitgRES) which is over 1300 bases (Forssal,, 1984). At the
othered of t he FMDV g e n onmwihaipayA tractdFig33d(Rbisér r e g i
Hasleret al, 1975). The structural proteins form the capsid of the virion and with the
exception of VP4, are surface exposed (Achatyal, 1989). VP1 is involved in the hios

cell interaction via theArg-Gly-Asp (RGD) sequencalependent integrins and heparin
sulphate proteoglycan receptors (Neffal., 1998; Jacksort al, 2000; Jacksoet al.,

2007). The nonstructural proteins are involved in replicatory and other bialogic

functions (Grubman and Baxt, 2004; Mofédtal.,2005).

While the functions of some of the nonstructural proteins are less well understood, the 2B
protein is known to be involved in membrane rearrangements required for viral RNA
replication and capdiassembly while 3A and 3B are reported to play a role in virulence
and host range (Nunez al, 2001; Pachecet al.,2003). The 3C protease is responsible

for most of the proteolytic cleavage in the viral polyprotein and RNA replication while 3D
forms the core subunit of the RNAependent RNA polymerase (Forss al, 1984,

Vakhariaet al, 1987).
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2.4.1 Antigenic Diversity

Antigenic diversity among ribonucleic acid (RNA) viruses occurs as a result of rapid
mutation during replication and recombination/feassortment between genetic materials
of related strains during aafections (Mumford, 2007). Antigenic variability is common

in many picornaviruses, but, including FMDV this variation differs in extent and is not
equal in all picornaviruses, e.g. theaee thee polio serotypes and more thaindred

rhinovirus serotypes (Domingst al.,2001; Duarteet al.,1994).

The molecular basis of antigenic variation in FMDV has been extensively studied and it is
well known that FMDV exhibits a high degree ofngéic and antigenic variation
(Domingoet al, 2002). As with other RNA viruses such as influemizases this high

level of variation is attributable to the errone replkation of viral RNA and the
inadequacyf a proofreading mechanism associateihwthe viral reficase (Domingo &
Holland, 1997;Steinhaueret al., 1987). Antigenic variation in the field increases with
time and most probably results from immunologic pressure placed on the virus by either

the infected or vaccinated host speci@srfingo,et al, 2003;Haydonet al., 200)).

Recombination, spontaneous mutation and migration are the three major forces driving the
molecular evolution of all viruses. The spontaneous mutation leads to a statistical effect
called the genetic drift. FMDV ithought to evolve mainly through genetic drift, due to

the high erroprone nature of its RNA polymerase (Domirgjaal., 2006). Recombination

plays an important role in FMDV evolution and occurs mainly in the gene region coding
for the nonstructural prteins (Haydoret al, 2004; Haydon and Woolhouse, 1998; Tosh

et al, 2002b). The evolution of the structural proteins, especially VP1, which plays a
major role in virus entry, seems to be mainly shaped by genetic drift (Doreingh,

2005hb, Domingeet al, 2005c¢; Domingo, 2006Y.he 1D encoded structural proteins, VP1,
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is surface exposed and contains the major antigenic determinants of the virus. VP1 alone
is known to elicit neutralizing antibodies and contains two immunogenic sites at amino
acid position140-160 (the GH loop) and at residue 2&13 (the Cterminus region).
Variation at critical amino acid residues within theHGloop and Gterminus regions

contributes to the antigenic variation of the virus (Sobeihal., 2001).

In addition, VP1 cordins a highly conserved sequence called the RGD (Argi@igeine-
Aspartate) motif that is involved in cell attachment (Leipgral., 1997). The RGD is a

motif found in a number of cell attachment proteins and recognized by some member of
the intergrinfamily. Most, but not all, strains of FMDV have conserved this motif
(Belsham, 1993). It has been suggested that this region represents the cell attachment site
for FMDV and indeed this motif appears exposed in the redfored of the virus when

t he-bbG | ormegolved Heparansulphatehas an important role in cell entry by
FMDV. The binding site is a shallow depression on the virion surface, located at the
junction of the three major capsid proteins, VP1, VP2 and VR®. preformedsulphate

binding sites control receptor specificity (Fry, 1999). Residue 56 of VP3, an arginine in

this virus, is critical to this recognition, forming a key component of both sites.

These features together with the high levels of variatiake VP1 the gene of choice to
study genetic relationship between isolates. For example, since the first report by Beck
and Stromeier (1987), gene sequences have been used routinely for molecular
epidemiology studies of FMD virus occurring in differeegions throughout the world,
including Africa (Voslooet al, 1992; Daweet al, 1994; Voslocet al 1995; Knowleset

al., 1998; Bastost al.,2000, 2001; Sangas al.,2001).
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2.4.2 Physicechemical properties of the FMD viruses

The virus is sensitive tan acidic and alkaline environment, high temperature (>50°C) and
UV light (Forsset al, 1984). Howeverunder certain circumstances and temperate
conditions it can survive in the environment such as in contaminated fodder for up to one
month. Furthermoreit is relatively insensitive to cold; survives longest in conditions of
low temperatures and can survive in uncooked meat for long periods, particularly if the

meat is quickfrozen, which reduces production of acid in the meat.

At optimal pH (7.2 - 7.6) FMD viruscould survive in the following manneyear at 4°C; 8

- 10 weeks at 22°C; 10 days at 37°C; less than 30 minutes at Abf€ast 90% of the
deactivation of virus féer: 3 seconds at 61 °C, 20 seconds at 55 °C, one hour at 49 °C,
seven hours at 43 °C, 21 hours at 37 °C, 11 days at 20 °C, 18 weeks at 4 °C. At 56 °C for
30 minutes "is sufficient to destroy most stra{Rsltsset al, 1984) "If protected by
mucus or faces and shielded from strong sunlight, picornaviruses are relatively heat
stable at usual ambient temperatures.” In milk, because virus shed from infected mammary
glands is incorporated into milk micelles and fat droplets, the virus is partially protected
against heating and a portion of the viral population may be viable after pasteurization at
72°C for 15 seconds and even after heating at 88°C for 50 seconds. High temperature
shorttime (HTST) pasteurization at 72 °C for 15 seconds (as mandated bysteeri2zd

Milk Ordinance of the Food and Drug Authority (USA), 2003) in a flow pasteurizer
eliminated up to 6 log FMDV in skimmed or whole milk, as shown by cell culture, but
residual viral infectivity could be detected by inoculation into steers. Isicrgdhe time

for which the milk was heated up to 36 seconds, or heating up to 80 °C or 95 °C, did not
entirely eliminate infective virus from whole milk as shown by inoculation of s{€erss

et al, 1984)


http://wildpro.twycrosszoo.org/S/00Ref/KeywordsContents/p/ph.htm

23

2.4.3Replication of the FMDV

The virus partile (2530nm) has an icosahedral capsid made of protein, without an
envelope outer layer, containing a single strand of ribonucleic acid with a positive
encoding of its genome. When the virus comes in contact with the membrane of a host
cell, it binds toa receptor sites and triggers a foldingof the membrane. Once the virus

is inside the host cell, the capsid dissolves, and the RNA gets replicated, and translated
into viral proteins by théostcell's ribosomes using a caplependent mechanism driven

by the internal ribosome entry site element. The synthesis of viral proteins includes 2A
‘cleavage' during translation (Belsham, 1995). They include proteases that inhibit the
synthesis of normal cell proteins, and other proteins that interact with differe
components of the host cell. The infected cell ends up producing large quantities of viral
RNA and capsid proteins, which are assembled to form new viruses. After assembly, the

host cell lyses (bursts) and releases the new viruses (MaBalaget al, 2008a).

2.5Diagnosis of FMD

Due to the rapidity of spread of FMD and the serious economic consequences that can
arise from an outbreak, prompt, sensitive and specific laboratory diagnosis and
identification of the serotype of the viruses involved isedse outbreaks is essential for
designing control regime (Jamal and Belsham, 2013; I€ingl, 2012 ; Kasangat al
2014b). Diagnosis of FMD can be done normally based on clinical signs, but this can
easily be confused with other vesicular diseased as swine vesicular stomatitis,
malignant catarrhal fever (MCF), rinderpéRemondet al, 2002). Detection of FMDV
specific antibodies can also be used and antibodies to viral nonstructural protein can be

used as indicators of infection irrespectiveva€cination status (OIE, 2009).
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An essential component of any disease control strategy, are diagnostic assays that can
rapidly confirm the initial clinical determination of infection (Jamal and Belsham, 2013).
The rapid and accurate diagnosis of FMD fisutmost importance tthe control of any
infection given the extreme contagiousness of the causative virus (Btaake2014). he
vesicular diseases such as, swine vesicuilsgade, vesicular stomatitis, and vesicular
exanthema of swine cause vesicukssions in swine and cattle cannot be distinguished
from those caused by FMD clinicalBéchrach, 1968 In addition, FMDV infection of

sheep and goats can be difficult to detect clinicdlgr(nellyet al, 2001;Geering, 196).
Sensitive diagnostic aays are also necessary to distinguish vaccinated from infected or

convalescent animals.

2.5.1 Clinical signs

Traditionally, diagnosis of FMD was based on clinis@ns thatare characterised by an
acute febrile condition and the formation of vesicleshe mouth and on the feet. The
resultant pain leads to weakness and inappetance. Following a period of initial pyrexia of
40°C which can last for one to two days, a variable number of vesicles develop on the
tongue, hard palate, dental pad, lips, gum, zZtmjzoronary band, interdigital spaces, teat
and snout in pigs (Alexandersenal, 2003). This picture is happening regularly in most
countries in sulbaharan Africa; but, these signs often go unnoticed in real field
conditions but for pastoralists havgood knowledge of the diseasEgequently, it is the
authorities lack of response or lack of proper epidesniveillance system that affect
reporting of this disease by the famers to the relevant veterinary authorities to verify
clinical symptoms is amain problem which is due to poor communication and
infrastructure. Hence, it is vital that the recognition of signs of the disease by the farmer is
promptly conveyed to relevant veterinary authorities to verify clinical symptoms, and
suspect samples shdube sent to the reference laboratory for confirmation (Mates.,

2014).



25

In the plate 1, cattle were showing typical clinical signs of FMD, such as ulcerations on

epithelial tissues of gums, tongue and froth coming out of mouth.

Plate 1: Cattle showing the typical FMD clinical signs Source:Current study.

2.5.2 Laboratory diagnosis

Diagnosis of FMD is by virus isolation or by the demonstration of FMD viral antigen or
nucleic acid in samples of tissue or fluid. Detettad virusspecific antibody can also be
used for diagnosis, and antibodies to vmah-structuralproteins(NSP$ can be used as
indicators of infection, irrespective of vaccination status (OIE, 2013porabry
diagnosisn most of the susaharan Afica including Tanzania is very challenging, this is
due to fact that most of the samples received by laboratory can be of poor quality due to an
ineffective coldchain and long transport periods (Maeteal, 2014). Universal existing
diagnostic technique$or the detection of FMDV ardased onidentification of the
infectious agent, detection of viral antigen by ELISA, molecular detection ofantajen

and detection of FMDV specific antibody. In s8aharan Africa, thecaurate laboratory
diagnosis of MD is only carried out at specialized labtory (Regional, National and

Reference laboratoriesg. FAO Reference Laboratory for FMD at the Pirbjight
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2.5.2.1 ldentification of the agent

1)  Virus isolation
Diagnosis of FMDV infection can also be demongtd by isolating the virus by cell
cultures (OIE, 2012; OIE, 2008). The cell cultures should be examined for cytopathic
effect (CPE) for 48 hours. If no CPE is detected, the cells should be frozen and thawed,
used to inoculate fresh cultures and examiredPEs for another 48 hours. Some field
viruses may require several passages before they become adapted to mice (Skinner, 1960).
In the case of oral pharyngeal fluids, preatment with an equal volume of chldtooro-
carbons may improve the rate of war detection by releasing virus from immune
complexesAll the mentioned techniques are only in use in specialized laboratories, although

simplified systems for potential fieldse are under development (Callakéal, 2002).

i) Immunological Methods
a) Enzyme-linked immunosorbent assay (ELISA)
The preferred procedure for the detection of FMD viral antigen and identification of viral
serotype is the ELISA (Ferris & Donaldson, 1992; Roeder & Le Blanc Smith, 1987). This
is an indirect sandwich test in which difent rows in multiwell plates are coated with
rabbit antisera to each of the seven sero
ELISAs are blockingor competitiorbased assays that use serotgpecific polyclonal
antibodies (PAbs ) or MAbs, armguicker to perform and are not dependent on tissue
culture systems and the use of live viruses. ELISA is able to détattantigensand

confirm the clinical diagnosis and identify the FMDV serotypes (Fetra.,1988).

b) Lateral flow device (LFD)
Anot her antigen detection method that has

(LFD) which has been evaluated and shown to bergactive to all FMDV serotype
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except for serotype SAT Since this technique easy and rapid, it has the potential to be
used for perside diagnosis for FMD suspected outbreak (Fatrial., 2009). This field

test can be used in some countries including Tanzdimea LFD is based on FMDV
antigen detection, which is easy to use and can be utilized on the farm to redtice the
required for transport and laboratory diagnosis. The detection of FMDV antigens by direct
application of vesicular fluids and epithelial suspensions from animals of an infected farm
may reduce the chances of diagnostic error arising from nonspeafitansData from

the field illustrates the potential for the LFD to be used in locations close to animals to
provide rapid support to veterinarians in their clinical assessment of suspected FMD cases
(King et al.,2012). Also the simplicity and stabfibf the LFD may be important features

for FMD diagnosis in sulsaharan African countries.

c) Complementary fixation test
Complement fixation test was the earliest laboratory test used to diagnose FMD. This test
was later replaced by ELISA due to its low sémity, specificity and difficulty in

interpretation of its results due to pro and &@etnplement activities.

iif) Nucleic acid recognition methods
Molecular methods, such as conventional reverse transcrptilymerase chain reaction
(RT-PCR) assays haveeen developed and also can provide seresyeeific results
(Reidet al, 1999). The RIPCR has been shown to be a useful tool for the diagnosis of
FMD as it offers the advantages of fast, sensitive and reliable diagnosis. The presence of
viral genomic naterial can be detected using RCR assays. A variety of RACR
methods have been reported in recent years for the early detection of FMDV RNA in
epithelium, cell culture isolates and other tissues using universal primers for all seven

serotypes (Meyeetal., 1991).
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However the number of samples that can be analyzed simultaneously with this technique
is limited and this approach may not be able to cope with samples that might be received
during an epidemic. RPCR can be used to amplify genome fragmefit&MDV in
diagnostic materials including epithelium, milk, serum and probang samples (Aebarel
al., 1993). RT combined with reime PCR has sensitivity comparable to that of virus
isolation and automated procedures enhance sample throughpue(Rei@003; Reicket

al., 2001). Therefore redime RT-PCR (rRTFPCR) was developed and has been shown to
have high sensitivity and specificity for the detection of FMDV genomes of all seven
serotypes (Rei@t al, 2002, Kinget al, 2007, 2006). This assag$ibeen used on a large
number of tissues samples, serum samples, swab samples and tissue culture supernatants.
RT-PCR can be used to amplify genome fragments of FMDV in diagnostic materials

including epithelium, milk, serum ar@ral pharyngeal@P) samples.

Serotyping primers have also been developed (Vangrysperre & De Clercq, 1996).
Simplified RT-PCR systems for potential field use are under development (Caéalban

2002). Other approaches, like leopediatedsothermalamplification (LAMP), have ben
developed, which enable the tests to be conducted in the field using inexpensive tools. RT
LAMP amplifies specific nucleotide sequences at a constant temperature and thus does not
require a thermocycler. The assay is based on the principle of DNAf@aatmn by an
autocycling strand displacement reaction. The assay is performed using a set of two
specially designed inner primers and two outer primers and a DNA polymerase with high
strand displacement activity (Notoret al.,2000) The molecular epidaiology of FMD

is based on the comparison of genetic differences between viruses. Dendrograms showing
the genomic relationship between vaccine and field strains for all seven serotypes based
on sequences derived from the 1D gene (encoding the VP1 virdimprbave been

published (Knowles an8amuel, 2003; http://www.wrlfmd.org/).
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2.5.2.2 Serological tests

Serological tests for the detection of antibodies against FMD viruses irrespective of the
vaccination status have been appliedome studies (Berget al., 1990). Although these

tests were serotype specific, they were tedious to use for screening purposes especially in
areas where FMD is endemic. Serological tests for FMD are of two types; those that detect
antibodies to viral structural proteins (S&)d those that detect antibodies to vinah

structuralproteins (NSPs).

a) Virus neutralization test (VNT)

The virus neutralization test (VNT) is currently considered asfifudd standard for
detection of antibodies to structural proteins of FMDV andaigrescribed test for
import/export certification of animals/animal products (OIE, 2012). However, as various
primary cells and cell lines with variable degrees of sensitivities are used in the VNTS,
they are more prone to variability than other seroldgists (Jamal and Belsham, 2013).
Furthermore, VNT is slower, subject to contamination and requires restrictive bio
containment facilities in contrast to other serological tests which can use inactivated

viruses as antigens.

The test was found to l@ssensitive as the conventional antigen ELISA for the detection
of FMDV in epithelial suspensions tested and had an equivalent 100% sensitivity on the

cell culture supernatants of FMDV serotypes O, A, C and-Asia

b) Solid-phase competitive ELISA
The methoddescribed (Paiba&t al., 2004) can be used for the detection of antibodies
against each of the seven serotypes of FMDV. As an alternative to gpignea rabbit

anisera, suitablevionocloral antibodies Abs) can becoated to the ELISA plates as
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captureantibody or peroxidaseonjugated as detecting antibody (Brocehal., 1990). A
commercial kit is available for serotype O with a different format but similar performance

characteristics (Chenagd al.,2003).

c) Liquid phase blocking ELISA

Antigens areprepared from dected strains of FMDV grown on monolayersRifiK-21

cells. The unpurified supernatants are used and pre titrated in a two fold dilution series but
without serum. The final dilution chosen is that which, after addition of an equal volume
of diluents gives an absorbance on the upper part of the linear region of the titration curve
(optical density approximately 1.59Phosphate Buffered Salin®BS containing 0.05%
Tween 20 and phenol red indicator is used as a diluent (PBST). The othentseaged in

the test are the same as those in the gatiase blocking ELISA.

d) Structure and Non structural protein (NSP) antibody test

Serological tests to detect FMDV ngtructural proteins (NSP) as well as FMDV
structural protein of serotype O haveehedeveloped (Chenaset al, 2003; Sorenseat

al., 2005). The demonstration of specific antibodies to structural proteins in non
vaccinated animals is indicative of prior infection with FMR¥d thiscan be achieved by

this technique (Crowther and Abu979)This is particularly useful in mild cases or where
epithelial tissue cannot be collected. Tests for antibodies to some NSPs of FMDV are
useful in providing evidence of previous or current viral replication in the host,
irrespective of vaccination stet. NSPs, unlike structural proteins, are highly conserved
and therefore are not serotype specific and as a consequence, the detection of these
antibodies is not serotype restrictethe NSP test can be used to indicate the FMD
infection for discriminationof infected animal from vaccinated ones (De Diexaoal,

1997; Mackayet al, 1998; Sorenseet al, 1998; Shert al, 1999; Brudereet al,, 2004;

Clavijo et al.,, 2004a).
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2.6 Epidemiologyof FMD

Currently, Europe, North and Central America, Greenlafgstralasia and Oceania are
FMD-free (Fig. 4). The current global burden of FMDV infection is maintained within
three continental reservoirs in Asia, Africa, and South America, which can flréher
subdivided into seven major virus pools of infectionai@n, 2003; Tully and Fares,
2008). Even though there are some common features in the spread of FMD, each of the
seven serotypes, or even their variations (topotypes), has a different way of transmission,
clinical appearance and species tropism (KitchinQD5). The SATs serotypes are
normally restricted to suBaharan Africa (Vosloet al, 1996). Types O and A are the
world most distributed, occurring in many parts of Africa, southern Asia, the Far East and
South America. Type C appears to have becomdrahto the Indian subontinent and

Asia 1 normally only occurs in southern Asia (Knowles and Samuel, 2003), but this
serotype has not ba seen since 2004 (Sangwtaal, 2011; Jamal and Belsham, 2013).

The seven FMDV serotypes cluster into wgpecific lineages (topotypes) when
comparing either nucleotide or amino acid sequentiesse are genetically grouped and
based on their geographic origin and this has led to their being referred to as topotypes

(Knowles and SamugP003).
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Figure 4: Foot-and-mouth disease virus pools distribution, 2012013 Source:

European Canmission for the control of FMD.

The serotypes of FMDV are not distributed uniformly around the world. The serotype O,
A and C viruses have had the widest digttion and have been responsible for outbreaks

in Europe, America, Asia and Africa. The disease has been present in almost every part of
the world where livestock are kept. More than 100ntoes including Asian, Africaiand

South America are still affeted by FMD and distribution of the disease roughReis

economic development whemgore developed countries have eradicated the disease.

Based on genetic and antigenic analyses, FMDVs throughout the world have been sub
divided into seven regional p@(Di Nardoet al, 2011; Sumptioret al, 2012). Certain

countries share viruses belonging to two different pools, famgke, Egypt and Libya
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(Fig. 4. Egypt and Libya are indicated as being in multiple pools, since they have
evidence of FMIY that haveoriginated from twoor more pools in the recent past (4
years). Virus circulation and evolution within these regional virus pools result in changing

needs for appropriate vaccine selection (Belsham and Jamal, 2013).

In Africa, the FMD serotypes are nonitormly distributed, and each serotype results in
different epidemiological pattern (Mareet al., 2014). Based on the genetic
characterization of the virus and antigenic relationship of FMDV in Africa, the virus
distribution has been divided into thregug pools: namely pool 4 covering East and
North Africa, with predominance of serotypes A, O, SAT1, SAT2 and SAT3 serotypes

(Mareeet al.,2014).

The disease is known to be endemic in Tanzania and is widely distributed in many parts of
the country with aleast four serotypes being found. The four serotypes that were detected
during the period of from 2003 to 2010 were O, A, SAT 1 and SAT 2 (Kaseingh,

2012). The serotypes O, A, SAT 1 and SAT 2 are associated with the recent FMD
outbreaks in differenareas of Tanzania. Studies conducted by others have reported the
existence of serotypes O and SAT 2 in Tanzania to be as far back as in 1950s with the
detection of SAT 1 for the first time in 1971 (Rweyemaamd Lorety, 1972, 1973). From

the previous stiies it is indicated that types O and SAT 2 are old in Tanzania and
serotype SAT 2 was detected almost throughout the country (Kasdngh, 2012).
Serotype O is widespread in the Northern, Sauth&/estern and Eastern zones. The
topotype distribution bFMDV serotypedor O, A, SAT1 and SAT2 in Tanzanigs for

serotype O (VI), A (lll), SAT1 (lll) and SAT2 (IV) (Rweyemanat al.,2008b).
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Recent changes in the political and economic growth have resulted in increased movement
of livestock across intertianal borders as taking into considerations that Tanzania has
wide and porous borders with its neighb@ountries. The movement of pastoraligth

their herds (traditional animal movements) searching for pasture and water also
contributed a lot in theransmission of the disease and spread of serotypes/genotypes to
other areas. fie livestock market system where the animals from different places are
gathered together for one or two days and shahegame facilities is alsocantributing

factor for thedisease transmission.

Transmission from the wildlife and livestock interface is the big challenge because in
these two ecosystems the animals are sharing the grazing and watetingsgrohe
transmission fronctarrier animals to susceptible hosts, unildd conditions, has star
only been shown for Africauffaloes Syncerus caff@rto cattle and impalaAepyceros

melampug(Bastoset al,, 2000; Daweet al., 1994).

The most common route of introduction of FMD into a country free of FMD has been the
illegal use of contaminated swill feea cattle (Hartnettet al, 2007) whilethe movement

of infected cattle, goats and other livestockthse major cause of disease spread. The
transmission via aerosols can also occur, depending on weather condittbribean
characteristics of virus survival and dissemination (Alexanderstenal, 2002a;
Alexandersen and Donaldson, 2002; Donaldson, 1972; Donagdsadn 1987; Seller and

Closter, 2008).

2.7 Molecular Epidemiology of FMD
Globally, there are seven immuagically distinct serotypes of FMDV (O, A, C, Asia 1,

SAT1, SAT2 and SAT3) and the cumulative incidence of FMDV serotypes show that six
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of the seven serotypes of FMD (O, A, C, SAT1, SAT2, and SAT3) have occurred in
Africa (Valarcheret al.,2004; Donaldsn, 1999).The epidemiology of FMD in Africa has
been reviewed by Vosloet al, 2002: Vosloo et al, 2004; Rweyemamuet al., 2008b;
Patonet al.,2009) and Tanzania in particular (Kivaria and Kapaga, 2002; Kivaria, 2003).
Also, Batho (2003) conductech&MD emergency audit on southern Africa. Inogher
studyby Rweyemamuet al (2008a), it has been already remarked Africa has the greatest
diversity of FMD serotypesFor Africa, the FMDV serotypes are not uniformly
distributed, and each serotype resultslifferent epidemitogical patterns (Mareet al,

2014).

Generally the current FMD situation inastern Africa and other countries in th@reat

Lake zone, which includes Tanzania is the most complicated FMD situation in the world
(Rweyemamuet al., 2008b) and yet very little is known about the evolutionary forces
which contribute to the complexity of the epidemiology of the disease in this region. The
transmission and maintenance of FMD in this region is complex, as farming practices,
trade, and highancentration of wildlife contribute to the maintenance and spread of the
virus (Mareeet al, 2014). Also, farming is dominated by agrastoral and pastoral
communities and is characterized by communal grazing and migrations.

Previous studies on some thfe serotypes in East Africa have alluded to the complex
epidemiology and genetic diversity of the viruses (Sahle, 2004 Southern African
Development Community (SADC) is endemic wiBMDV SATs, but someSADC
countries, with the exception of Zimbabve®d Mozambique, are free from FMD and
meet the conditions of the OIE for zonal or country freedom from FMD without

vaccination (Mareet al, 2014).

Footandmouth diseasés endemic in Tanzania, with outbreaks occurring almost each

year in different pds of the country. Currently four known serotygés O, SAT1 and
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SAT?2) are circulating within the country andl is speculated that are shared with
neighbouringcountries. For example, it was reported that, isolates of serotypes A, O,
SAT1, and SAT2 fromTanzania and Kenya (2002009) were genetically related
(Kasangeet al, 2014; Kasangat al.,2012). Therefore, understanding the epidemiology

of a disease is essential for the formulation of the most effective control strategies.

2.8 Phylogeography d?athogens and its Relevance to the Epidemiology of FMD
Phylogeography simply means the phylogenetic analysis of organismal data in the context
of the geographic distribution of organism (Yoetnal, 2011). As Avise (1987) conceived
it i phyl dhg ehylggenatic nalysis af geographically contextualized genetic
data for testing hypotheses regarding thmausal relationship among geographic
phenomena, species distribution and t he mechani sms driving
in DNA sequencingteclml ogy i n 198006s revolutionized
this revolution emerged what has become a highly influential discipline known as
phylogeography.

The combination of molecular biology, epidemiology and population genetics in the
science of rlecular epidemiology is a powerful tool to develop control strategies for
infectious disease (Klein, 2007)nderstanding the geographical position and nature of
FMDV genetic diversity is critical for improving control strategies and vaccine design
and sich diversity is the reliablsource of information about the virus' epidemic. In this
study, theapplication of molecular techniquesused to locate the geographically position

of FMDV genotype in endemic settings of Tanzania.

The phylogeography styd combined with phylogenetic, geographical and
epidemiological information can be applied to investigate the spatial distributidn a

diversity of FMDV. Thisenables the understanding of the past geographical spread of the
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infection, shedding light on thiangle of demographic, social and biological factors that

have given rise to current patterns of diversity, and elucidating previously unrecognized
routes of ongoing transmission (Avise, 1987). Evolutionary, phylogenetic and coalescent
based analyses oafhogen genomes are now established tools in molecular epidemiology,

and especially relevant for recent epidemics with limited historical surveillance data

(Pybuset al, 2001; Worobet al, 2008).
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CHAPTER THREE

3.0MATERIALS AND METHODS

3.1Study Area

This research study was done in fadifferent geographical zones of Tanzania (Nerth
Western, North Eastern, Southern highlands and Sedtéstern). Tanzania idocatedin

the EastAfrica, andlies betweerlLatitude5.6°> South of the equator antbngitude36.3
East of Greenwich MeridiarEFMDV samples of the threserotypes (O, A and SAT1)
were selected considering a spati&inporal and geographic distribution representation
from the virus collection at the Centre for infectious Disease and Biodémgy These
selected samples were collected from cattle with clinical signs between 2008 and 2013
consisted of mainly vesicular epithelial tissue from the f{€thte 1). Collection of the
samples followed the OIE guidelines and all the-dada suchasthe location where the
animals were sapled Geographical Positioning systef@PS), name of the arearmer,
type ofanimal, age and sex. Additionallglso type of the farming siem practiced by

farmer for examples zero grazingngewasobservedpastoralist system

3.2 Samples,SampleCollection, Preparation and Storage

Samples(n= 361)used in this study were tissue dgilia from FMD suspected cattle
purposely obtained from all endemic zones of Tanzania from the field outbreaks (Fig. 5).
The epihelia samples were taken from affected muzzle, gums, tonguanamdiigital
spacesand were preserved in a 50/50 mixture of PBS and glycerol at pH of 7.2 and stored
at-80°C. Before the epithelium tissues were ground, drying was done using the blotted dry
absorbent to reduce glycerol content and weighed. An epithelial suspension was prepared
by grinding the sapile in sterile mortar and pestigth sterile sand. The suspension was
centrifuged at 224 xg for 10 minutes and thpesnatant collectetbr genomc based and

serological analysis
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3.3 Sensitivity, Specificity and Molecular survey ofFMDV

The aim of conducting this study was to evaluate the specificity and sensitivity of these
two methods (A€gELISA and rRFPCR) and the application aholecular surveyin
detecting FMDV from the field samples. The strategy that was employed in this study
conformed to the OIE/FAO World Reference Laboratory for faowtMouth Disease
(WRLFMD) standardsTherefore, molecular screeningere combined with sequence
analysis to study genetic correlations between field isolates and helped to determine
molecular @idemiology of FMDVas per(Reidet al.,1999; Knowles and Samuel, 1994;

Knowles and Samuel, 2003).

3.3.1RNA extraction

The RNA extractio was done directly from the 3&khmples recovered from vesicular
epithelial tissue suspension using QlAamp® VirdARkit (Qiagen, Hilden, Germany)
using protocol as described by the manufacturer (Appendix vi). In addition to samples,
RNA extraction was done to positive (serotype O Kenya vaccine stathpegative

controlused wagepithelial tissue from tonguaf FMD free animal).

3.3.2 Real Time RT-PCR.
Thedetecion for the presence of FMDV genome in the samples was done th&ngrRT-
PCR assay that targeted the 3DR coding regsing reverseforward primers angrobe

(Tab. J as described previously by (Cdlknet al.,2002).
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Table 1: The 3D forward and reverse primers together with 3Dprobe used inrRT -

PCR Assay
Primer Oligo name Sequence (83") Working conc.
Forward Primer Callahan 3DF 5 ® ACTggg TTT TAC AAACCTgTgAi 3 0 10 pmol/pl
Reverse Primer Callahan 3DR 5 ©gCg AgT CCTgCC ACggA 3 06 10 pmol/ul
Tagman probe Callahan3DP  6-F AM i5/6C TTTgCA CgC CgTgggAC3 6 TAMI 5 pmol/pl

The stock solution concentration for the primers and probesl@@gM (1® pmol/ul).

This concentration was reduced to the working solution of 10 uM (10 pmol/pl) by taking
10 pl of the stock and 90 pl of nuclease free water (Qiagen) mixed well and stered at
20°C. The master mix kit used in this assay was InvitrogeerSapptlll Platinum One

Step RT-PCR System (Cat. No. 117820) with the final volume per reaction as 20ul
plus 5ul from each template RNA. The reaction mix as per one reaction was as follows; 2x
reaction mix 12.5 pl, nuclease free water 1pl, Primer 3DF 2(uQ pM), Primer 3DR 2

pl (10 puM), Probe 3DP 1.5 ul (10 puM), ROX 1:10 pdduted Superscript 1ll RT 0.5 pl,

Platinum Tagmix pl.

The master mix was prepared in designated master mix room inside the biological
biosafety cabinet (Forma class II, 2A, TherEectron Corporation), Then the mixture
wasdispensedn a fast optical 94vells reaction plate with barcode 0.1 pl (MicroAmp®
PCR compatibleDNA/RNA/RNasefree). Each sample was mixed with the master mix
plus known positive and negative amplification cotgr The plate was sealed with the
optic adhesive film (MicroAmp&CRcompatibleDNA/RNA/RNase free). After mixing

the plate was sealed and centrifugedH17xg(Eppendorf series 5810R) for 3 minutes to

remove all the bubbles.
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Before running the assapd machine used (Applied Biosystems 7500 Fast-Riead

PCR System) was calibrated. The calibration was on ROI, background, optical, dye
(CY3,CY5, FAM, JOE, NED, ROX, SYBR, TAMRA, TEXAS RED, VIC) and
instrument verification. The RPCR regime was as follay30 minutes for 60°C (reverse
transcriptase step), 10 minutes at 95°C (inactivation reverse transcriptase/activation DNA
polymerase), 15 seconds for 95°C (denaturation) and 1 minute at 60°C (annealing and
elongation) the two last steps went for 50 cycMeasurementf fluorescence was taken

at the end of second step at stage 3. The results interpretation was as follows, samples with
Ct < 32: positive, samples with 32 < Ct < 50: ambiguous, retest and samples with no Ct as
negative(Fig.6). The cycle thrshold value (Ct value) was fixed automatically from the

machine software (7500 software v2.0.5).

3.3.3Conventional RT-PCR

This reaction was performed #0D suspected epithelium samplésat were positive for

FMDV genome using rR‘PPCR(Reidet al.,2001) The 50 ¢l reaction m
including: 1. 51 eell eonfz yareec h 12gell i dMOTCH s 5¢l B
extracted RNAan®@ 2 ¢ | \WaEeRTbhe primer sequender forward wass ® gCC Tgg
TCTTTCCAggTICTi 36 and f oirCCAgI€ ECCsTaC BCA gAT G 3 6 .

The thermal profiles used for amplification of the VP1 sequence of various serotypes were
as follows: FMDV O and Asial: 42°C for 30 min, 94°C for 5 min, 35 cycles of 94°C for

60 s, 60°C for 60 s, and 72°C for 90 s, followedabfjnal extension of 72°C for 5 min.
Conditions were the same for the other serotypes, except that extension temperatures were
55°C for A, C, 50°C for SAT 1, SAT2 and SAT 3. Temperature cycling was carried out
using the GeneAmp® PCR systems 9700 (ApplBidsystems, Foster City, USA).
Standard 2.0% (w/v) agarose gel (SeaKem® LE Agarose) was prepared by dissolving 3.0g

agarose in 150 ml 1x TBE electrophoresis buffer (0.04M-Basate, 0.001M EDTA, pH
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8.0) in Erlenmeyer flask. The mixture was heated intgolade or microwave to allow the
agarose to dissolve and form a gel. The gel was allowed to cool to about 20°C before

adding 3 pL of ethidium bromide 1 € g/ ml ) .

The gel was then poured into a horizontal gel tray fitted with appropriate combs. After
about 40 min of gel polymerization, the combs were carefully removed and the tray
immersed in an electrophoresis tank containing electrophoresis buffefFBE)X Then 3

pL of DNA products of each individual sample was mixed with 2uL of bromophenol blue
dye diluted 6x (3:1 water: 6 x dye, 50Mm EDTA, 50mM Nacl, 50% Glycerol) and then
loaded into separate lanes (slots) of the submersed agarose gel. The saTwles at

120 volts for 45 min. After the run, the gel was removed and photographed under UV light
using a video capture system (Molecular Imager® Gel Dox XR Syster8170 with

Flowgen IS 1000; BidRad, Seoul, Korea).

3.34 Indirect Sandwich Antigen Capture ELISA (Ag-ELISA)

This test is based on a standard indirect sandwich ELISA techniques to determine the
presence of FMDV antigens in tissue samples as described by Roeder and Le Blanc Smith
(1987: Ferris and Dowson, 1988). Rabbit antisera specifithfo different serotypes of
FMDV are passively adsorbed to polystyrene microwells. With the addition of test
sample, antigen (if present) is trapped by the immobilized antibodies. Specific guinea pig
antrFMDV detecting antibodies are detected by meanthefrabbit antguinea pig Ig
conjugated to horse radish peroxidise. With the addition of substrate/chromogen solution,
a colour product develops which may be measured and interpreted with respect to the
antigen content of the test samphadirect Sandwéh Antigen Capture ELISA was done to
confirm the results obtained frortests like rRTPCR. This AgELISA test was done
following the manufacturer bench protocol procedures Biological Diagnostic Supplies

Limited (BDSL).



For this test 30 samples (Tab.\#¢re prepared and stored in 0.04 M PBSS&X to-50°C

and the other lot were stored-&80 to-5°C after the addition of equal volume of sterile
glycerol (50%, v/v). Calculations of mean background was done for each plate by adding
the OD (492 nm) value of &hd 6 wells of each row (serotype) and dividing by 2. These
OD values were due to the reagents and not to a specific reaction between antigen and
antisera. A mean corrected OD value of >0.1 above background indicated a positive
results and the serotype sveead. Those values that were close to 0.1 were treated with

caution and retested.

3.35 Determination of Sensitivity and Specificity of two assays

The aim of conducting this study was to evaluate the specificity and sensitivity of these
two methods (A€ELISA and Reallime RT-PCR) in detecting FMDV from the&0
selectedield samplef serotype dTab. 3). The strategy that was employed in this study
conformed to the OIE/FAO World Reference Laboratory for faowtMouth Disease
(WRLFMD) standards(Tah?2) andtables 3a, 3b, 3c and 3ltistrate how the sensitivity

for both tets was obtained. Th&able 3a hastwo columns which indicatethe actual
condition of the subjects, diseased orHuseased.

The rows indicate the results of the test, positiveegative. Sensitivity is the probability
that a test will indicate 'disease' among those with the disease and can be calculated as,
Sensitivity: A/(A+C) x 100, whereas A is true positive and C is a false negative.
Specificity is the fraction of those wibut disease who will have a negative test result and
can be calculated aSpecificity: D/(D+B) x 100, whereas, D is true negative and B true
negative. BothSensitivity and Becificity are characteristics of the tesind population

does not affect the reks.
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3.4Molecular Epidemiology of FMDV serotype Q A and SAT1

The objective of the present study was to determine the molecular characteristics of the
FMDV and to use theghylogeography and phylogenetiarameters to determine the
spatial distributionof FMDV and possible sources of FMDV that causes endemicity
situation in the country.Thirty-nine serotype O (Accession number: KJ947808
KJ947825), 12serotype A (Accession number: KJ947842947822) and five serotype
SAT1 (Accession number: R47812KJ947822) field samplesvere collected from 2008

to 2013as per Figl andAppendix 6

3.4.1 RNA Amplification

Onestep reversdranscription polymerase chain reaction {RTR) was carried out using

the Qiagen Onstep RTFPCR kit (Cat. no. 210210) ager manuact ur e 6 s
recommendations. In this study, VBimerswereused (G1C244F/Q1C272F and EUR

2B52R for O, SAT1, SATH1-1222F/SAF2B208R and ALC612F/EUR2B52R) as

shown inTab. 2 The thermal profiles used for amplification of the VP1 sequence of
various seotypes were as follows: FMDV O and Asial: 42°C for 30 min, 94°C for 5 min,

35 cycles of 94°C for 60 s, 60°C for 60 s, and 72°C for 90 s, followed by a final extension

of 72°C for 5 min. Conditions were the same for the other serotypes, except the extensio
temperatures were 55°C for A, C, 50°C for SAT 1, SAT2 and SAT 3. Temperature cycling
was carried out using the GeneAmp® PCR systems 9700 (Applied Biosystems, Foster
City, USA). These conditions as described by (Knowdesl, 2005, 2009). The PCR
produds were cleaned up using QIAquick PCR Purification Kit (Qiagen, Hilden,
Ger many) as described in the manufactured

nucleotides prior to nucleotide sequencing.
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Table 2: The detailed information of the VP1 gimers used in the study

Primer Primer Molecular Final

identity Sequence weight Concentration
C-1C536F 5' TAC AGG GAT GGG TCT GTG TGT 3' 7440 10nmol.
EUR-2B52R 5'GAC ATG TCC TGC ATC TGG TTG AT 3 7928 10nmol.
O-11C244F 5' GCA GCA AAA CAC ATG TCAAAC 3 7901 10nmol.
A-1C612F 5'TAG CGC CGC CAAAGACTT TCA 3 6455 10nmol.
As1-1C530F 5'CCA CRA GTG TGC ARG GATGG T 3' 6840 10nmol.
SAT1-1C559F 5'GTG TAT CAG ATC ACAGACACACA3Z 7026 10nmol.
SAT3-P1-222F 5'ATT CTG CAT TTC ATG TAC AC 3' 6051 10nmol.
SAT2-1C445 5' TGG GAC ACM GGI YTG AAC TC 3 7281 10nmol.

3.4.2 Direct sequencing

The purified PCR fragments were directly amplified using BigSYEerminator v3.1

Cycle Sequencing Kit (ABI, Wamgton, UK). Sequencing PCR fragments were separated
using an automated dideoxynuclotide cycle sequencing DNA sequencer to obtain the
complete VP1 sequenceBor sequences editing and assembling, ¢heomatograms
obtained for each individual reaction usifgrward or reverse primers were edited
manually to avoid the misreading of peak dyes using SEQUENCHER 4.8 computer
software (Gene Code Corporation, USA) and assembled into contigs. The consensus

nucleotide sequences were exported to BioEdit computerggrognd manually aligned.

3.4.3Phylogenetic analysis of FMDV VP1 sequences

The PCR products were directly sequenced on both strands to obtain the complete VP1
sequences, which were compared with the other relevant FMDV VP1 sequences within
the same sergpes. Computeassisted comparisons of the nucleotide sequences were
made to find the similarities of nucleotides sequences in National Centre for
Biotechnology Information (NCBhttp://www.ncbi.nim.nih.gov/), using BLASTN search

program. Also for furthesequences comparisons other sequences resource used was done
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using FASTA search from European Bioinformatics Institute (Eip:// www.ebi.ac

uk/service/) maintained by European Molecular Biology Laboratories (EMBL).

Nucledide sequences that encoded amino acid from the VP1 gene were translated to the
(deduced) amino acid sequences by the EditSeq (DNAstar, Madison, USA). To compare
with in-group sequences, additional sequences from the GenBank were used for the VP1
regon. Alignments of VP1 sequences were done using Clustal W algorithm method
(MegAlign; DNAstar, Madison, USA) and Bi&dit 7.0 (Hall, 1999). The analysis done

was phylogeny reconstruction with a scope of all selected taxa. These alignments were
used to costruct distance matrices by using the KimurgpaZameter nucleotide
substitution model (d: Transitions + Transversions) in the program MEGA 5.1. Midpoint
rooted neighboujoining trees were then constructed with MEGA 5.1 software. The
robustness of the teetopology was assessed with 1,000 bootstrap replicates andQvalue
70% were shown in (Fig. 8, 9 and 10)msviously described (Tamugd al., 2011). The

rate and pattern among sites were uniform rates and patterns among lineages were
homogenous. The pairwise deletion was used for gaps, missing data treatment and the

codons included were'#2" + 39 + Noncoding.
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CHAPTER FOUR

4.0 RESULTS

4.1 Quantification of FMDV genome

The results of the rRPCR assay were assessed by the Ct value. The negative Ct value for
any t est and control sampl as selewtads asdther e d
positive/negative cubdff Ct values. The results from primer combinations aqpable 2
indicated that 50.1% of samplesrn{= 181) were positive for FMDV genome by Ré¢iahe

RT-PCR with Ct values <32. The samples with Ct value <2Gvéér (39.9%), Ct value
between 2225 were 51(28.17%), Ct of 2532 were34 (1878%), Ctval ue O 32 t

were 31 (17.1%) and negative samples with nov@tue were 180 (50.00) (Fig. 6).

Amplification Plot
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Figure 6: Results based on the Ct value obtained from sample screening using rRT

PCR assay. SourceCIDB-TVLA Lab. 2011.
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In this current study @sitive samples for FMDV were found in Tabora, Serengeti,
Musoma, Kahama, Mwanza, Rorya, Iringa, Mbeya, Rukwa and Pwani region, which
amounts to the majority of the country. Buhe studyrevealed that the FMDV is
spreading fast in Tanm&, as it was found in Nzega, Mtwara, Tabora, Kibondo, Dar Es
Salaam and Sumbawanga. In the previous study (Kaszngla 2012), the FMDV was

only reported in regions such as Iringa, Morogoro, Pwani, Dar Es Salaam and Dodoma.
According to Rweyemamu anbtoretu (1972), FMDV was regularly reported in the
Northern, Northerdake and Central zones of Tanzania up to 1971. With this current
study, it seems that FMDV is reappiegrand spreading contrary to the previous reports
(Kasanga et al.,2012QIso, anotler finding from ths screeningndicated that application

of rRT-PCR can be used as a valuable tool along with traditional procedures in rapid

detection of FMDV genome in field samples.

4.2 CONVENTIONAL RT -PCR

Conventional RTPCR was used to complimentetinesults obtained from Reiine RT-
PCR.In addition, molecular typing of the FMDV genome positive samples using serotype
specific primers revealed the existence of sevaadtypes; serotype SAT1 (17%4n =

60), seotype A (28.656, n = 98), serotype (328.6%%0, n = 98) and SATZ28.0®%; n =

96). In certain circumstances the samples which were diagnosed as FMD virus positive
differed between the conventional ffICR assays and rRACR, for example, rRPCR
detected FMD viral RNA in 10 samples which hacmevaluated as negative by the

conventional RTPCR assays.

4.3 Sensitivityand Specificity for r RT-PCR and AgELISA
In this studysensitivity for rRFPCR was86.68% and specificitywas 70.0% this is

supported byrerris and Dowson (1988nd as perApperdix 8).
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Table 3a and 3b: lllustrate the formula and calculations involved in getting
specificity and sensitivity ofrRT -PCR Assay.
3a. 3b.
Disease Disease
Test Present Absent Total Test Present| Absent | Total
A (True B (False True test
Positive | positive) positive) positive Positive 26 9 35
C (False D (True True test
Negative | negative) negative) negative Negative 4 21 27
True True Non
Total Diseased | Diseased Total Total 30 30

Sensitivity: A/(A+C) x 100, as A=@and C=4therefore 26/(26+4)x100= 8684%

Specificity: D/(D+B) x 100, as D=21 and Bgtherefore 21/(21+9)x100=704(Tab. 3a

and3b).

The results from Ag ELISA were taken from colour change and the Optical Density (OD)
of 492 nm obtained from reader (Mucan, Thermo, USA). The colour development

from strong to very weak resulted from fif@d dilution series of each of the control

inactivated antigens on plate.
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Table 4c and 4d: lllustrate the formula and calculations involved in getting

specificity and sensitivity of Ag-ELISA Assays

3c. 3d.
Disease Disease
Test Present Absent Total Test Present | Absent | Total

A (True B (False | True test

Positive | positive) | positive) | positive Positive 21 9 30

C (False | D (True | True test

Negative | negative) | negative)| negative Negative 9 21 30
True
True Non
Total Diseased | Diseased| Total Total 30 30

Sensitivity: A/(A+C) x 100, ag= 21 and C=9therefore 21/(21+9)x100= 70®

Specificity: D/(D+B) x 100, as D=21 and Bz=therefore 21/(21+9)x100=704(Tab. 3c
and3d).

The sensitivity testor Ag-ELISA was70.0% which is still moderate as most of the time
Ag-ELISA can give positive results with only about-80% of epithelial suspensions that
contain virus due to a lack of sensitivity. Specificity wa¥®that is also moderate value

for detecting the true negative.

4.4 Molecular Epidemiology of FMDV Serotypes A, O and SAT1

The main focus of this stly was to determine thgpread of FMDV serotypes A, Oha

SAT1 in Tanzania for the period &ix years (2002013) Tabh9. The nucleotide and
amino acid sequences of the VP1 coding region (639 bp) of the TanZaviBiv
serotypes O, A and for SAT1 (663 bp) were subjected to phylogenetic analysis to

determine their genotypes and genetic relationships with othecaffrstrains. Genetic
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characterization based on the VP1 (1D) region of FMDV is widely used because of its
significance for virus attachment and entry, protective immunity, and serotype specificity

(Burmanet al.,2006; Jacksoet al, 2003).

4.4.1 Phylogaetic analysis ofFMDV serotype O

The results in this study revealed tHa¥VIDV serotype O isthe most widely spread
serotype and is ialmostspreadin the entire country. It is also the most responsible
FMDV serotype for the regular outbreaks each yearits lineages showed great genetic
heterogeneity. TheFMDV type O sequences acquired differed, by roughl9%3
nucleotide identity, from most closely related sequences retrievable from Gen&ank.
presented in(Fig.7), the phylogenetic analysis it becaosnelear and evident that all
recentlysequenced FMDBerotype O viruses from Tanzania belong to the Easta#®®i
(EA-2) topotype (Appendid). For all O isolates the total numbers of comparisons were
3955 and minimum numbers of nucleotide comparisons ®@@ewithin the gene length

of 639. TheFMDV serotype O genetic analysis based on the complete VP1 coding
sequences revealed that isolates O/fBWL-20120321, O/TANCVL-20120318,
O/TAN-CVL-20100019, O/TANCVL-20100017, O/TANCVL-2011-0108, O/TAN
CVL-2011-0106, O/TANCVL-20090040, O/TANCVL-2011-0362, 0364, 0366 and
O/TAN-CVL-20100004 shared high levels of nucleotide and deduced amino acid
(identity at 99.899.9% and 99i 100%, respectively (Appendix)iiThese viruses were
clustered together (A clusdewith other viruses from neighboring countries like Zambia
(O/ZzAM/3/2010, O/ZAM/4/2010, O/ZAM/1/2010 and O/ZAM/P3/2010), Democratic
Republic of Congo (O/COD/1/2010,0/COD/3/2010, O/COD/4/20)0 Mali
(O/MAL/1/98), Uganda (O/UGA/3/2002), Kenya (O/KEN/5/Z)0 (Fig. 7), (Appendix

2). All viruses studied from the outbreaks in Southern highlands of Tanzania showed a
limited degree of variation in the VP1 gene, with values of over 99.3% genetic relatedness

among them.
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On the other hand, the heterogeneity amdagzanianFMDV serotype O seemed be
maintained by the survivalf the different isolates in the field. For examfifey. 7), itis
evident that Southern highland regions (Mbeya, Iringa and Rubkvegpredominantlya
reservoir of FMDV srotype Q(Tab.9) as the virus circulating in that region was identical
to the isolates (O/TANCVL-20100109, O/TANCVL-20100004, O/TANCVL-2010
0019, O/TANCVL-2012318 and O/TANCVL-2012321, O/TANCVL-20130362,
O/TAN-CVL-20130364, O/TANCVL-20130366 ) that causedhost of oubreaks in

places like Dar Es Salaam, Kagera, Mtwara, and Coastal regions.
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Figure 7: Phylogenetic tree showing the relationships of FMW type O isolates in

Tanzania. Bootstrap values of 70% or above are shown nedéne major

nodes.
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4.4.2 Phylogenetic analysis of serotype A
The complete nucleotide sequence of the XBdng region was determined for 12
FMDV serotype A viruses obtained from epithelial samples ire®ns which are FMD

endemiqFig.11)

The A FMDYV isolates werelassified into one major topotypeIAFRICA (Fig. 8 and
(Appendix 3. For all isolates the total numbers of comparisons were 1540 and minimum
numbers of nucleotide comparisons were 600 within the gene length of 639 except for
sample 374vith partial VP1 of 493 (Fig8). When compared with the available sequences
from viruses circulatig in Tanzania for the past gmpears showed the most closely related
reference viruses were from neighboring countries such as Kenya (A/KEN/42/66,
A21/Lumbwa/KEN/64) and Uganda (A/UGA/13/66) with relatedness value of 87 to 86% .
As the nucleotide (nt) and amino acid (aa) comparisons showed the present circulating

viruses shared about @20 100% nt and aa.



99

56

A/TAN/2/2013

A/TAN/3/2013
A/TAN/61/2012
A/TAN/56/2012
A/TAN/65/2012
A/TAN/66/2012
A/TAN/1/2013
A/TAN/60/2012

@ A/TAN-CVL-2013-0370

99
A/TAN/69/2012

A/TAN/72/2012 A

AITAN/73/2012

AITAN/67/2012

AITAN/68/2012

AITAN/70/2012

A/TAN/71/2012

o § A/TAN-CVL-2011-0160

@ A/TAN-CVL-2011-0146
A/TAN-CVL-2011-0125

A/TAN-CVL-2011-0066 B

A/TAN-CVL-2011-0289

A/TAN-CVL-2011-0293

A/COD/2/2011

A/COD/3/2011

A/COD/12/2011

201 A/ICOD/11/2011

A/COD/10/2011

AICOD/9/2011

A/COD/8/2011

90 | A/TAN/40/2012 } C
AITAN/41/2012

A/KEN/22/2009

73

98

73

A/TAN/42/2009

AITAN/A7/2009

AIKEN/28/2008

A/TAN/4/2009

98 § A/TAN/45/2009

@ A/TAN-CVL-2009-0042

A/TAN/11/2009

A/TAN-CVL-2009-0052

@ A/TAN-CVL-2009-0052b
A/KEN/12/2005 (K44/2005)

A/KEN/3/2006

86 A/KEN/7/2008

20 b A/KEN/8/2008

I— A/TAN/9/2009
A/TAN/11/2008

80

98

99
I_99| A/TAN/12/2008
A/TAN-CVL-2008-0155

A/BUN/4/90

A/K49/84*
A/MAL/5/81
A/UGA/1/2002

A/BUN/2/80
AIZAM/90

A/KEN/42/66 (K18/66)

A/K16/74*
A/K179/71* (KEN/1/76)

AITAN/4/80
A/TAN/2/68 (T626/68)
A/TAN/3/68 (T809/67)
A/NGR/2/73

A/SUD/3/77 (GU566064)

A/UGA/13/66

99

AIEGY/1/72 (EF208756)
A/TAN-CVL-2011-0032
AIGHA/16/73
A21/Lumbwa/KEN/64 (AY593761)
EURO-SA

89

Figure 8: Midp oint-rooted neighbourjoining tree showing the relationships between
the FMD serotype A virus isolates with other contemporary and reference

viruses. Bootstrap support values above 99% are shown near the major

nodes.
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Table 4: FMDV viruses that are closely related to Tanzanian viruses obtained from

phylogenetic analysis of serotype A topotype #&ica and Straini G1

Virus Related virus No. Nucleotide . of Nucleotide Match % ldentity % difference
composition

A-TAN-CVL-20080155 A/TAN/11/2008 639 639 100.0 0.0
A-TAN-CVL-20090052 A/TAN/11/2009 639 639 100.0 0.0
A-TAN-CVL-20110066 A/TAN-CVL-2011-0289 639 639 100.0 0.0
A-TAN-CVL-20110125 A/TAN-CVL-2011-0066 639 638 99.8 0.1
A-TAN-CVL-20110160 A/TAN-CVL-20110125 639 630 98.5 1.4
A-TAN-CVL-20110289 A/TAN-CVL-2011-0293 639 639 100.0 0.0
A-TAN-CVL-20110293 A/TAN -CVL-2011-0066 639 639 100.0 0.0
A-TAN-CVL-20090042 A/TAN/45/2009 639 639 100.0 0.0
A-TAN-CVL-2009052b A/TAN/11/2009 639 639 100.0 0.0
A-TAN-CVL-20130370 A/TAN/1/2013 639 631 98.7 1.2
A-TAN-CVL-20130374 A/TAN-CVL-20120374 493 477 96.7 3.2
A-TAN-CVL-20110146 A/TAN-CVL-2011-0160 639 639 100.0 0.0

In this study, the &t closely related viruses differ from 1.25 to 5.92% that we can say
they are related with few divergences. The strains A [AAN.-20130370 and A/TAN
CVL-2013374 came from recent outbreak of year 2013 and came from western part of

Tanzania (Kagera) thare closely related by 99¢%ig. 8 and (Tab4 and5).
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Table 5: Viruses that were mostly closely related reference viruses from

neighbouring countries for serotypeA topotype Africa and straini G1

Name of the virus Reference wus No. Nucleotide No. of Nucleotide Match % ldentity difference
composition
A-TAN-CVL-20080155 AJKEN/42/66 (K18/66) 639 518 81.0 18.9
A-TAN-CVL-200930052 AJKEN/42/66 (K18/66) 639 551 86.2 13.7
A-TAN-CVL-20110066 AJKEN/42/66 (K18/66) 639 545 85.2 14.7
A-TAN-CVL-20110125 A/KEN/42/66 (K18/66) 639 544 85.1 14.8
A-TAN-CVL-2011-0160 AJKEN/42/66 (K18/66) 639 543 84.9 15.0
A-TAN-CVL-2011-0289 A/KEN/42/66 (K18/66) 639 545 85.2 14.7
A-TAN-CVL-2011:0293 A/KEN/42/66 (K18/66) 639 545 85.2 14.7
A-TAN-CVL-20090042 AJKEN/42/66 (K18/66) 639 546 85.4 14.5
A-TAN-CVL-2009052b A/KEN/42/66 (K18/66) 639 551 86.2 13.7
A-TAN-CVL-20130370 A/KEN/42/66 (K18/66) 639 536 83.8 16.1
A-TAN-CVL-20130374 AJKEN/42/66 (K18/66) 493 401 81.3 18.6
A-TAN-CVL-2011:0146 A/KEN/42/66 (K18/66) 639 543 84.9 15.0
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4.4.3 Phylogenetic analysis of serotype SAT1

For the phylogenetic analysis of SATEig. 9, it can be concluded that all FMD type
SAT1 viruses are isolates fromizania. The numbers collected were very few and just in
two regions (Morogoro and Dar Es Salaafhable 6 and 7) asthere were only dew
outbreaks due to SAT1. From the phylogenetic analysis these isolates acs@ within

the topotype INWZ (Apendix1) and(Fig. 9, the nucleotide differences in VP1 coding
region of 1520%. The nucleotide number of composition was 663 and the average
nucleotide match was from 6450 with the unknown strain. All bootstrap of 70% and

above are showfFig. 9 and numbeof bootstrap replications of 1000.

For all SAT1 isolates the total numbers of comparisons were 431 and minimum numbers
of nucleotide comparisons were 600 within the gene length of 663. The isolates number
SAT1/TAN-CVL-20120359 and SAT1/TANCVL-20120361 are 100% identical and
were obtained in the same outbreak in the same area in the Morogoro(FégidrQ 11).

The five SAT1 isolates used in this study SAT1/T-8NL-2012, SAT1/TANCVL-2012
0354,SAT1/TANCVL-20120355, SAT1/TANCVL-20120359, SAT1/TANCVL-
20120360 and SAT1/TANCVL-2012361(Fig. 9 are clustered together in a group with
isolates  SAT1/TAN/11/2012, SAT1/TAN/23/2012, SAT1/TAN/25/2012 and
SAT1/TAN/27/2012 obtained from the Northern part of Tanzania (Fig.TAB8). The
number of nucleotidenatch ranges between 659 to 663 and the pegendantity ranges
between 99.5% to 1000 with nwleotide difference between 0@ 0.15 % (Tab5 and

6).
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Figure 9: Midpoint -rooted neighbor-joining tree (based on the completevirus

protein [VP] 1 coding sequence) showing the relationships between the

FMDV serotype SATL1 isolates from Tanzania and other contemporary

and reference viruses.
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Table 6: Viruses that were most closely related reference virusesf dopotype |

(NW2Z) for SAT1 used in this study.

1s Name Related virus No. of nucleotide. of nucleotide matchk % Identity =~ %Difference
composition

SAT1/TAN-CVL-20120354 SAT1/T155/71 663 591 89.1 10.8
SAT1/Z2IM/23/2003 663 538 81.1 18.8
SAT1/TAN-CVL-20120355 SAT1/TIS5/71 663 592 89.2 10.7
ZIM03-23 663 539 81.3 18.7
SAT1/TAN-CVL-20120359 SAT1/T155/71 663 590 88.9 11.0
ZIM03-23 663 537 81.0 19.0
SAT1/TAN-CVL-20120360 SAT1/T155/71 663 589 88.8 111
ZIM03-23 663 537 81.0 19.0
SAT1/TAN-CVL-2012-0361 SAT1/T155/71 663 590 88.9 11.0

ZIM03-23 663 537 81.0 19.0
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Table 7: Most closely related viruses from SATI (NWZ) topotype and unnamed

strain
Virus Name Related virus Nucleotide comp INucleotide % ldentity YoDifference
match
SAT1/TAN-CVL-20120354 T1/TAN-CVL-20120355 663 662 99.8 0.1
.T1/TAN-CVL-20120359 663 660 99.5 04
T1/TAN-CVL-20120361 663 660 99.5 0.4
T1/TAN-CVL-20120360 663 659 99.4 0.6
SAT1/TAN-CVL-20120355 T1/TAN-CVL-20120354 663 662 99.8 0.1
.T1/TAN-CVL-20120359 663 661 99.7 0.3
T1/TAN-CVL-20120361 663 661 99.7 0.3
T1/TAN-CVL-20120360 663 660 99.5 0.4
SAT1/TAN-CVL-20120359 .T1/TAN-CVL-20120361 663 663 100.0 0.0
T1/TAN-CVL-20120355 663 662 99.8 0.1
T1/TAN-CVL-2012-0355 663 661 99.7 0.3
.T1/TAN-CVL-20120355 663 660 99.5 0.4
SAT1/TAN-CVL-20120360 T1/TAN-CVL-20120359 663 662 99.8 0.1
T1/TAN-CVL-20120355 663 662 99.8 0.1
.T1/TAN-CVL-20120355 663 660 99.5 0.4
T1/TAN-CVL-20120355 663 659 99.4 0.6
SAT1/TAN-CVL-20120361 T1/TAN-CVL-20120359 663 663 100.0 0.0
.T1/TAN-CVL-20120355 663 662 99.8 0.1
T1/TAN-CVL-20120355 663 661 99.7 0.3

T1/TAN-CVL-20120355 663 660 99.5 0.4
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Figure 10: Distribution of serotypes in Tanzania (20082013).Source: Current study
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Table 8: Summary of FMD outbreaks over six years from2008to 2013

Region Serotype A Serotype O SAT1 Year
Mtwara a a 2011
Lindi a 2013
Morogoro a a 2008,2012
Dar Es Salaam a a a 2009,2010,2012
Mwanza a 2010
Kagera a a 2010, 2010,20
Iringa a a 2009, 2013
Mbeya a 2012
Rukwa a a 2008, 2010
Kigoma a 2008, 2012
Mwanza a 2010
Shinyanga a 2010
Tanga a 2008
Coast a 2010
Tabora a a 2009,2010,2011

Zanziba a 2010
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CHAPTER FIVE

5.0 DISCUSSION

5.1 Determination of Sensitivity and specificity

Footandmouth disease (FMD) is endemic in Tanzania, with outbreaks occurring almost
each year in different ecological zones of the country. In regeats, thespread of
FMDV in Tanzania is at higher ratand it is advisable by OIE that the control measures
and confirmation of the presence of FMDV should be based on the laboratory findings.
And also, there is a strong political desire to control this contagimease and ber
animal diseases as part ofatinal Strategy for Growth and Reduction obwerty

(MKUKUTA).

Experimental evaluation for detection and confirmation the presence of FMDV is very
much based on hows the sensitivity and its specificity ohe assay To date various
assaysave been used to diagnose and confirm FMDV serotypes prevailing asidgcau
outbreaks in the field. Mlecular diagnostic tests play an important role in monitoring the
spread of these viruses and controlling outbreaksusceptible livestock (Jamal and

Belshamet al., 2013).

In the mentioned study the performance of automatedR®R had been compared with
Virus Isolation (VI) and antigedetection ELISA using samples submitted. The results as
per (Shawet al.,2004), slowed that all Vipositive samples and those samples positive by
VI and ELISA combined were also positive by HRTR. Although methods based on
virus isolation or the demonstration of FMD viral antigen or nucleic acid in samples of
tissue or fluid or culte products is sufficient for a positive diagnosis, in general, the

ELISA (Ferris and Donaldson, 1992) using tgpecific serological reagents is the
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preferred procedure for the detection of FMD viral antigen and identification of viral

serotype in the ebrstages of research.

As in this study to two techniques were compared for their sensitivity and specificity. It is
proven in other studies, that TagMan assay has been shown to be very robust and as
effective for primary detection of FMDV as virus isatat in conjunction with antigen
ELISA (Reid et al., 2003). The rRTIPCR has been shown to be a useful tool for the
diagnosis of FMD as it fast, sensitive and reliable diagnosis (Jamal and Belsham|r2013).
this study, for rRTPCR sensitivity was 86.66%and specificity was 70.0%. The
sensitivity results 0f86.8%, meanthat the chance to detect FMDV was 86€%6(Fig. 6).

This test has good chance of capturing all possible positive conditions and can miss very
few due to the degree of sensitivitplso, the spcificity of 70.0% entail thathe degree

of detecting the true negative is moder&tkth regards to this studyhe¢ Ag-ELISA test,

gave a positive result ainly about 7680.0% in epithelial suspensions that contdire

virus dueeven though ihassensiivity high enough to detect a viral antigen in samples of
saliva and/or nasal discharge (Mohapatral.,2007). Although the current AgLISA is

able to distinguistbetween theseven serotypes of the FMDV antigen and is a useful
method, it has low seitiwity (Mohapatraet al., 2007; Reidet al., 1998) and may have

low adaptability to types O and A because of their wide rangetaemicity (OIE, 2008;

2009;2013).

For AgGELISA the sensitivity of70.0% and specificity of 7@% is of moderate range
however propagation of the virus in tissue culture wontaitease the degree of sensitivity
This will allow further and subsequent testing Ag-ELISA for detecting the virus and
ascertain the serotype (Jamal and Belsham, 2013)loWes concentration othie virws in

the epithelial tissuecould be caused by several factors suahpoor preservation of
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samples due to poaold chain facilities. Also, coulde due to improper timing of sample
collection, and poor quality/amount ctdcted from the clinical amal. Most of the
samplexcollected when the eing¢ visible clinical lesions have healed affdéoe quality of

the samples submitted@his assay is more rapid, but has lower analytical sensitivity and is

inappropriate for use with certain sample types {E@md Dawson, 1988).

Although only a limited number of samples (30 vesicular epithelial) were available for this
study, it was possible to demonstrate the sensitivity and specificity of the two important
assays that can be used for rapid laboratoryctieteof the FMDVgenomerom the field.

The RT-PCR had 86.6% sensity, 70.0% specificity and\g-ELISA had 70.0% for both
specificity and sensitivity. Therefore, for rapid andwacy the rRIPCR is the assay of

choice for detectionf FMDV due to itshigher sensitivity.

5.2 Molecular screening epidemiology ofFMDV in endemic settings of Tanzania

5.2.1 Molecular screeningof FMDV

The present study provides a partial picture of spread and distribution of FMDV isolates,
focusing on the circulating FBV in Tanzania, thus filing a gap of knowlgel of
countryos mo loktkisletoaomicalycimperamt virasgThe molecular survey
of FMDV is a very important step in controlling the spread of the disease and also the
production of specific vaccenwhich will cater for a specifigirus strain at given time and

spae.

Results from molecular survey indicated that 49.8% of sampked.81) were positie for
FMDV genome byRT-PCR with Ct values <32. The samples with Ct value <20 were 65
(39.9%), Ctvalue between 225 were 51 (28.1%), Ctof 2562 wer e 39. 9%, Ct

to <40 were 80 (44.9%) and negative samples with no Ct value were 100 (27.7%). This
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molecular screeningf FMDV was focused on screening of clinicasesollected from

the field to ascertain the status of FMDV circulating in Tanzania from ZE3. The
overall resul was very much affected by postorage conditiogon the sampleshat
causing FMDV loss. Howeveniral RNA tracingwas performed by rRRPCR and it
showedthat, thismethod can be used asrapid and initial screening test in outbreaks
(Fosgateet al 2008). Also, despite higlgenetic mutation in FMDV genome and the
circulating FMDV serotypes in different hestdetection of virus genetic materials in
clinical samplesis most importantThis molecular screeningevealed the spread and
reappearance of FMDV within the country that could possibly be caused by the movement
of animals across the border or within the country by nomadic livestock keepers and by
high dengy of animals in other areas dfe country(Fig.11). This study provides an
overview of the molecular screeninf FMDV in Tanzania that is giving a pre requisite

knowledge on the distribution of FMDV.

5.2.2 Molecular Epidemiology ofFMDV serotype O, A and SA'1

Knowledge orthe epidemiology of a FMD and the phylogeography of FMDV is essential
for formulation of the most effective control strategies. This determines thsibfe
source of outbreaks ang achieved by undertaking VP1sequencing to provide an
important element of epidemiological investigation (Samuel and Knowles, 2001).

The intensive description of the neclular epidemiology of FMDV inub-Sahara and East
Africa has not been studied as extenlsivie as somether regions in the world.t is also
difficult to control the diseases as the capacity of FMDV to cross large geographical
extensions could be assisted by the movement of infected/carrier animals, sharing of
grazing land and watering points with wildlife animé&sg. 11 and Appendix iV). The
epidemiology of FMDV in Tanzania is complex and is not clearly understood to date. This

is due to several factors such as free movement of livestock/animals, the presence of wild
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ungulate animals that are disease carriers and the lack of good policyrtu tee disease

from spreading.

Since it was detectad 1954, FMD has beewidespread and endemic in many regiaf
Tanzania (Appendix v)The endemicity of FMD in Tanzania has been described in the
past by (Kasangat al, 2012, 2014; Swast al, 2009, Kivaria, 2009; Rweyemanuet al.,
2008b) shwing thatFMDV serotypes O, A, SAT1 arslAT2 are prevailing in most of the
regions (Fig.1 and Fig. 11) and (Appendix v)n Tanzania, the 2010/2011 statistics
indicate that, there are about 2&8lion cattle, 15.2 million goats and 6.4 million sheep

distributed all over the regioridppendix iv).

As in this study the genetic characterization and phylogenetic analysis ofrimiety39)

field isolates of serotype O, twelve (12) isolates of A and five (A1 obtained during

the last six years of MD epizootic in Tanzania. These results showed a small genetic
diversity within FMDV but revealed independent evolution of the isolatesG#TGAN-
CVL-20100021. Also, phylogenetic analysis showed that all esreg/sporadic viruses
from the southern highlands circulating between the years 2008 and 2012 clustered as part
of a clade, supported by @9 bootstrap value. The clustering of profile B showed
considerable genetic relationships between viruses in Kéfigad) (O/KEN/137/2010,
O/KEN/151/2010, O/KEN/15/2010 and O/KEN/162011) which shares a common
boundary.

The isolatenumber O/TANCVL-20130452,caused an outbreak in the Southerriaeg

of Tanzania in 2013 had aawveraye nucleotide difference of 3@ (Appendix i) with
other viruses in clade B. In terms of phylogeneticrpretations, FMDV that differ bgi

5% from each other are generally believed to originate from the same epizootic (8amuel

al., 1997). In general, distances .8% are considered tondicate veryclosely related
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strains (Samueét al., 1997. Differences in the genetic sequences of viruses from the

same serotype do not necessarily reflect differences in antigenicity (Esterhuysen, 1994).

According to Mateuet al. (1995, 1996) ery limited genetic variations in the immuno
dominant region can alter the antigenic specificity of FMDV isolaféss is consistent
with previous studies which have indicated that serotype O is highly prevalent in Tanzania
(Kasangaet al, 2012; Kasangat al, 2014a)and (appendix v)And although these
samples were collected from different ecologicatuges in different regions, they were
very closely related (Appendix i and)iiOther findings indicated that, the dissemination
of the same virudineage & Gl-Africa serotype A in Tanzanisuch ascluster A(Fig. 8)
consisting of isolates from different parts of Tanzania (A/F8ML-2011-0160 and
A/TAN-CVL-2011-0146 from Dar Es Salaam, A/ITARVL-2011-0125Mtwara, A/TAN-
CVL-2011-0289 and 029&igoma) were spported with bootstrap of 98 to 9% (Fig. 9)
and (Tab.6) shows that these isolates were genetically the same walleatide identity

between 98.%0 1000% and nucletide difference of 0.00 to 32(Tah6).

The phylogenetic analysis showed thatesiergingFMD serotype A viruses in Tanzania
circulating between the years 2008 to 2013 clustered as part of aadadpported by 73

to 990% bootstrap valueg¢Fig 9). The clustering pattern showed considerable genetic
relationships of viruses with commn boundaries(Tah 7) isolates from Kenya
(A/JKEN/28/2009 and A/KEN/28/2008) clustered together with Tanzanian isolates
(ATAN/-CVL-200942 and A/TAN/CVL-200952b) (Fig. 9. At bootstrap 9% the

two major clusters were separated witsmall groups shoiwg geneticseparation with
four isolates (A/TAN/9/200Njombe, A/TAN/11/2008Coast, A/TAN/12/2008ringa

and A/TANACVL-20080155Rukwa) with bootstrap of 99 to 10®%6. These isolates,

excep for isolate A/TAN/11/2008, wergsolated fromthe Coastal regio at the animal
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holding ground ready to be marketadd originated from Southern Highlandeeferred
cluster C (A/TAN/9/2009, A/ITAN/11/2008, A/TAN/12/2008 fromirlga and A/TAN
CVL-20080155from Rukwa). This can be evidenced by the outbreak in Dar Esrbalaa
in 2009 which was caused by isolate A/TABN/L-2009042 and in the Southern
Highland by isolate A/TAN/45/2008ausedhe outbreaks within the sameonth of 2009.
Also, these isolates are most closely related0@@p to viruses of 2012/13 outbreaks from

North-West of Tanzania, which shows that the same virus is circulating within those areas.

Currently, the epidemiology of FMDV is very complex as the spread of disease is rampant
and little efforts are applied to stop the spread of FMD. Additionally,iesutiave
demonstrated the presence of viral topotypes in both wildlife and domestic animals,
information that should be heeded when planning FMD vaccination strategies (¢bsloo
al., 1992;Vosloo et al, 1995; Bastos, 1998astoset al, 2001;Bastoset al., 2003a;
Bastoset al, 2003b;Sangareet al., 2003; Sangareet al., 2004). As with other RNA
viruses, the FMDV continually evolves and mutates and the analysis of its genome has
become a primary means of classification (Carmtoal., 2007; Simmonds2006). The
complete nucleotide sequence of the M®tling region was determinedrf39 type O
viruses, 12 A and fiveSAT1 obtained from epitheim samples collected in 16f the
endemic geographical regions of Tanza(kg. 5 (Appendix ii). The aim wasto
establishthe epidemiological relatinship between the viruses causithg epizootic in
Tanzania andhe viruses circulting in the region. The virusdsom this study were also
compared to the viruses responsible for the previous emergencies olicspasas in the

Great Lakes countries, including those frim East African Community, as well as with
other relevant strains from the continent, and with representative exogenous viruses. These
phylogenetic relationships were used to indicate whether FIBes were introduced on

a regular basis, or alternatively were maintained for long periods of time within Tanzania.






































































































































































































