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EXTENDED ABSTRACT

Peste des petits ruminants (PPR) is a highly contagious transboundary animal disease of

domestic  small  ruminants,  camels  and  some  wild  artiodactyls.  It  is  caused  by  Small

ruminant  morbillivirus  (PPRV)  of  the  family  Paramyxoviridae classified  into  four

genetically  distinct  lineages  I,  II,  III  and  IV;  and shares  genetic  and  antigenic

characteristics  with  rinderpest  (RP)  virus.  The  disease  has  significant  socio-economic

impact on communities which largely depend on livestock for livelihood, and is a threat to

endangered susceptible  wild species.  This study aimed at  investigating the spread and

maintenance  of  PPR  in  the  pastoral  and  agropastoral  communities  characterized  by

extensive mobility, in some areas interacting with wildlife, in order to generate necessary

information for proper planning of control and eradication strategies for PPR. A Cross

sectional studies, complimented with review of previous studies were carried out during

the  present  study.  Data  collected  from  livestock  and  wildlife  populations,  samples

collected from different agro ecological zones and wildlife from different habitats were

involved in the study. In ecological studies, purposive sampling was performed in sheep

and goats from 32 districts where PPR surveillance had never been carried out after the

confirmation  of  PPR in  Tanzania.  The  32  districts  involved  in  the  study,  included  3

(9.4%),  12  (37.5%)  and  17  (53.1%)  districts  from  the  coast,  semi-arid  and  plateau

ecological zones, respectively. For epidemiological characterization of PPR, a total of 78

flocks of sheep and goats were investigated from Karatu (n=10), Longido (n=9), Meatu

(n=7),  Monduli  (n=11),  Ngorongoro  Conservation  Area  Authority  (NCAA)  (n=13),

Ngorongoro (n=18) and Serengeti (n=10). 
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For  the  investigation  of  PPR  seroprevalence  in  wildlife  from  different  habitats,  four

species of wildlife;  buffalos (Syncerus caffer),  impalas (Aepyceros melampus),  Grant’s

gazelles  (Nanger granti)  and Thomson’s gazelles  (Eudorcas thomsonii) were sampled.

Sample sizes were calculated based on wildlife population obtained from TAWIRI aerial

census  of  2009  and  2010.  PROMESA  software  (http://www.promesa.co

.nz/ProMESA.htm) was used to estimate sample size per location in three types of wildlife

habitats.  Habitats were selected based on the level of contacts with wildlife. The habitats

included Serengeti National Park (SNP) - designated only for wildlife, Loliondo Game

Controlled Area (LGCA) - designated for wildlife livestock and other human activities

and  Ngorongoro  Conservation  Area  Authority  (NCAA)  -  designated  for  wildlife  and

livestock  only.  Chemical  immobilization  technique  was  used  to  capture  buffalos  and

impalas, whereas gazelles were captured by using a modified netting technique, with trap

made using locally available materials. With this technique three vehicles were used to

head the animals towards the trap.  All collected samples from livestock and wildlife were

analysed at the SACIDS laboratory of Sokoine University of Agriculture.

On ecological studies, the overall seropositivity across all agro ecological zones based on

c-ELISA was 20.1%, of which 18.8%, 9.4%, 37.5% and 34.4% districts had very high,

high, low and zero PPR seroprevalence respectively. Very high and high seroprevalence

were frequently recorded in the semi-arid districts.  Zero and low seroprevalence  were

mostly  observed  in  districts  from  plateaux  ecological  zone.  Statistically  there  were

significant  differences  in  PPR  seroprevalences  among  districts  of  different  ecological

zones.  On  PPR  outbreak  characterization  in  the  Serengeti  ecosystem,  a  total  of  160

samples were collected from clinically diagnosed cases, out of which 12 and 11 cases

were  confirmed  using  a  lateral  flow device  (LFD) and real  time reverse  transcription

polymerase chain reaction (qRT-PCR) tests, respectively. Of the confirmed cases about
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60% of the animals were aged below six months of age with body temperature ranging

from 38.5 to 41.3oC, about 70% had lacrimation and only 45.5% had diarrhoea. Lineage

III of PPRV was found to be circulating in the area. Semi structured interviews indicated

pastoral  communities  were  aware  of  PPR  syndromes  and  had  traditional  names  and

remedies unlike in the agropastoral communities who mostly used Swahili terminologies.

There was no clinical case of PPR observed in the 3 different wildlife habitats. However, a

cross sectional survey was conducted to determine the seroprevalence of PPR in wildlife

species. A total of 270 wildlife were captured, 26 (9.6%) from LGCA, 75 (27.8%) from

NCAA and  169  (62.6%)  from SNP,  out  of  which  two  (7.7%),  seven  (9.3%)  and  30

(17.8%) were seropositive, respectively. Results for one (3.8%), six (8%) and 42 (24.8%)

animals  from  LGCA,  NCAA  and  SNP,  respectively,  were  doubtful.  There  were  no

statistically significant differences in seropositivity between habitats, species, age and sex.

A modified netting technique developed and used during the present study, showed high

animal and operator safety levels with minimal injuries compared to previous techniques.

With this technique it was possible to capture even flighty animals that behave nervously

because of hunting and other human activities, including Thomson’s gazelles (Eudorcas

thomsonii), a species previously found to be difficult to capture by netting. Peste des petits

ruminants  was  introduced  in  Tanzania  before  its  confirmation  in  2008  in  northern

Tanzania and has been spreading into different areas of the country through live animal

trade and pastoralist migration. Seroprevalence of the disease in sheep and goats has been

found to be higher in semi-arid agro-ecological zone. Peste des petits ruminants outbreak

characterization in areas where livestock coexist with wildlife indicated age, temperature

and lacrimation to be important components of the case definition for PPR syndromic

diagnosis. Lineage III was found to be the lineage circulating at the moment in the area. 
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Although no clinical cases of PPR were observed in wildlife, PPR antibodies have been

recovered  in  wildlife  coexisting  with  livestock  confirmed  to  have  PPR  cases  which

indicates that at one point wild animals contracted the virus. There was no statistically

significant  difference  in  the  PPR  seroprevalence  between  wildlife  coexisting  with

livestock and those with no contact with livestock. Therefore,  surveillance,  prevention,

control  and  eradication  strategies  for  PPR  should  consider  the  agroecological  zones

favouring survival and perpetuation of the virus among reservoir hosts and the susceptible

populations  in  these  areas.  Pastoral  and  live  animal  traders’  movements  need  to  be

considered in planning and implementation of PPR control strategies. Veterinary services

and  conservation  authorities  are  encouraged  to  work  together  on  planning  PPR

surveillance and control at different levels. On syndromic diagnosis of PPR in endemic

settings need to consider age, body temperature and lacrimation on case definition.  For

species other than sheep and goats the c-ELISA test kits need to be validated as there were

higher levels of doubtful results on laboratory analysis in wildlife samples. 
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CHAPTER ONE

1.0   GENERAL INTRODUCTION

1.1   Background Information

 Peste des petits ruminants (PPR) is a highly contagious and economically important viral

disease of domestic and wild small ruminants (FAO and OIE, 2015). It can also cause

severe disease and mortality in some wild artiodactyl species and is a threat to biodiversity

conservation (Hoffmann  et al.,  2012; Munir,  2014; Pruvot  et al.,  2020).  It  is a highly

transmissible transboundary animal disease (TAD), with potentially devastating impacts

on  small  ruminants,  as  morbidity  and  mortality  rates  can  be  up  to  100%  in  naive

populations  (Abu Elzein  et  al., 2004;  Kumar  et  al., 2014;  Sharma  et  al.,  2015).  The

disease  is  caused  by  PPR  virus  (PPRV),  a  morbillivirus  belonging  to  the  family

Paramyxoviridae which shares genetic and antigenic characteristics with rinderpest (RP)

virus (Diallo et al., 2007; Munir et al., 2012; Kumar et al., 2014; Rahman et al., 2018). 

The virus  is  classified  into  4 genetically  distinct  lineages  (I,  II,  III  and IV) based on

sequence analysis of fusion protein (F) and (N) genes (Banyard and Parida, 2015). This

grouping of PPRV into lineages is of paramount importance in analysing in country and

global spread of PPRV. Geographically, lineage I and II are found in West and Central

Africa, whereas lineage III is in East Africa and Southern part of Middle East (Banyard

et al., 2010; Kivaria et al., 2014) and (Kwiatek et al., 2011). However, the vaccine is cross

protective to all lineages. Lineage IV is the main lineage found in the Middle East and

South Asia, in both wild and domestic small ruminants (Abu Elzein et al., 2004; Munir,

2014). More recently, it has been found in Africa as well in Tanzania. In Tanzania, in

addition to lineage IV also II and III have been found circulating into different areas of the
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country. Peste des petits ruminants (PPR) virus mainly causes disease in sheep and goats,

livestock species kept by small-holder farmers and pastoralists in African and Asian low

and middle-income countries. These countries have approximately 94% of the global goat

population  and 73% of the global  sheep population  (FAO and OIE, 2015).  Goats and

sheep are an important animal resource for farmers in arid and semi-arid areas because of

their  low  cost,  and  their  ability  to  survive  on  sparse  pastures  and  withstand  drought

(Silanikove, 2000). From natural and experimental research (Lembo et al.,  2013), it has

been shown that cattle in close proximity to infected goats and sheep can be infected with

PPRV, although they do not appear  to be susceptible  to  clinical  disease.   It  has been

reported  that  cattle  and  domestic  pigs  become  sub-clinically  infected  (Anderson  and

McKay, 1994; Kumar et al., 2013; Sen et al., 2014; Taylor and Barrett, 1946) but recent

experimental work has shown that domestic pigs can be clinically infected and transmit

PPRV (Schulz et al., 2018). Antelopes and other wild ruminant species can be infected by

PPRV, while the outcome of infection is variable depending on the species, the population

and conditions in which the animals are living, whether captive or wild. A wide range of

wildlife species develop antibodies with or without a clinical disease (Kock 2006; Kinne

et al., 2010; Lembo et al., 2013; Munir, 2014; Kock et al., 2015; Mahapatra et al., 2015;

Orynbayev et al., 2016; Fernandez Aguilar et al., 2018; 2020; Pruvot et al., 2019). 

Peste des petits ruminants virus is transmitted by contact with infectious materials from

sick  to  healthy  susceptible  animals  (Kihu  et  al.,  2016;  Couacy-Hymann  et  al., 2007;

Fournié  et  al.,  2018).  The  virus  can  be  transmitted  directly  via  the  respiratory  route

between animals  with the possibility  of pasture or water contamination as a source of

transmission (Parida et al., 2015). The virus concentration is high in secretions such as

saliva, oral/nasal discharges, urine and faeces of the infected animals (Parida et al., 2015).

In domestic sheep and goats the virus is shed by sick animals prior to the development of
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clinical signs and for up to 10 days after the onset of signs (Truong et al., 2014). Peste des

petits ruminants virus spreads to different other tissues of the body via regional lymphoid

tissues, then infects the lymphocytes and infection spreads throughout the body via both

the  lymphatic  and  vascular  systems  (Kumar  et  al.,  2014).  In  sheep  and  goats  the

incubation  period   ranges  from  four  to  six  days  and  the  severity  of  disease  varies

depending on a number of factors including the lineage of PPRV, species, breed and the

immune status of the animals (Jagtap et al., 2012; Kumar et al., 2014). In severe cases in

naive susceptible populations of domestic goats and sheep, the clinical disease is usually

acute, with pyrexia (41 to 42°C) and high proportion of animals in the flock show clinical

signs at the same time (Truong  et al.,  2014). Three to five days post-infection animals

become  depressed,  anorexic  and  develop  serous  oculo-nasal  discharges,  followed  by

mucopurulent discharges partially occluding the nostrils and matting the eyelids (Muse

et al., 2012; Omani et al., 2019). Within four days of the onset of fever, the gums become

hyperaemic and erosive lesions develop in the oral cavity with excessive salivation (Munir

et  al.,  2013).  These  lesions  later  become  necrotic  with  a  caseous  grey  diptheritic

membrane. Watery and blood stained diarrhoea is common (Ugochukwu et al., 2019) as

well as pneumonia and coughing (Chauhan et al., 2009). 

The transmission of PPRV is often associated with trade in live sheep and goats at markets

where animals from different sources are brought into close contact, mixing infected and

naïve animals (Swai et al., 2009; Munir, 2014; Abubakar and Munir, 2014; Baron et al.,

2017). Rangeland systems (including domestic and wild species), watering points, use of

common markets and slaughter points provide opportunity for mixing of animals from

different  production  systems and can become the  focal  for  epidemic  spread of  PPRV

(Swai et al., 2011; Abubakar and Munir, 2014). The long distance movement of livestock

during drought periods increases the likelihood of interaction of livestock from different
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places and between livestock and wildlife at grazing and watering points (Mdetele et al.,

2014). These conditions facilitate the spread and maintenance of PPR. Moreover, infection

of wildlife, likely via spill-over of PPRV from domestic animals, may result in serious

consequences to population health of rare and threatened species, wildlife economy and

ecosystems (Travis et al., 2011; Munir, 2014; Kock et al., 2015). 

Up to the year 2000, there was no history of presence of PPR in Tanzania (Wambura,

2000; Karimuribo et al.,2010), The disease was first suspected in northern pastoral areas

of Tanzania towards the end of 2008 (Swai et al., 2009), confirmed and officially reported

to the World Organization for Animal Health (OIE) on 27th January 2009. By the end of

2010 the disease had further spread to eastern and southern parts of the country (Muse

et al., 2012; Kivaria  et al.,  2014). In East African countries, PPR was first reported in

Ethiopia and Sudan (Taylor, 1984), confirmed in Kenya in 2007 although suspected since

1992 (Gitao  et al., 2014), Uganda in 2007 (Ruhweza  et al., 2010; Nkamwesiga  et al.,

2019).  In Burundi  confirmed outbreak was diagnosed in  2017 (Niyokwishimira et  al.,

2019). In Democratic Republic of Congo (DRC) the disease was confirmed in 2012, no

clinical  cases have been reported in Malawi,  Mozambique and Zambia (Britton  et al.,

2019). There are no reports of PPR outbreaks in Rwanda (Torsson et al., 2016). Since the

emergence of PPR in Tanzania, there have been vaccination campaigns to limit its impact

on livestock keepers,  yet  outbreaks  continue  to  occur.   Lack of  effective  surveillance

means to show how and where the virus is persisting increases the challenges of selecting

important areas to direct the limited resources. Vaccination is usually applied in response

to outbreaks  based on availability  of funds,  with the aim to reduce  livestock keepers'

immediate losses due to the disease. However, low levels of vaccination coverage could

be contributing to virus persistence and maintenance in the country. A more pragmatic,
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research  driven control  programme is  needed to  halt  PPRV persistence  and spread in

Tanzania, East Africa, Asia and Europe. 

Of recent, at international and national levels there have been efforts of controlling PPR

aiming at eradicating the disease globally by 2030. Global Strategy for the control and

eradication of Peste des petits ruminants (PPR-GCES) was officially adopted on the 2nd of

April  2015  in  Abidjan,  Côte  d’Ivoire,  describing  the  rationale  for  controlling  and

eradicating PPR, general principles and the tools to be used (PPR GCES, 2015). Regional

Economic  Communities  as  well  are  in  the  move  to  develop  National  and  Regional

Strategies which need to be aligned to the PPR-GCES Roadmaps and strategies. Recently

Tanzania has also developed National PPR eradication plan to control and eradicate the

disease in the country (National PPR Control and Eradication strategy 2017). Therefore,

the aim of this study was to determine the effect of livestock movements and interactions

with wildlife  in maintenance and spread of PPRV in country and globally in order to

complement existing efforts on establishment of effective plans for control and eradication

of PPR.

1.2   Problem Statement 

Peste des petis ruminants was first reported in Tanzania since 2008 and efforts to control

and /or contain this economically and socially important disease have not been fruitful.

Despite  the control  programme being imposed in  Northern Zone areas  of  the  country

where the disease was reported first, the disease has continued to spread to the southern

part  of  the  country  and  become  endemic  in  Tanzania.  Therefore,  there  is  a  need  to

understand drivers for PPR spread and causes of failure to contain the disease at source

despite the efforts and resources used since the first report of the disease. Moreover, there

is  a  need  to  understand  PPR  spread  in  relation  to  small  ruminants  movements  and
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interactions with wildlife in Tanzania. The information generated from this study will be

important in designing proper plans and implementations of the control and eradication

programs for PPR in Tanzania and other countries where small  ruminants interact and

coexist with wild ruminants. The presence of PPR in Tanzania is a major obstacle to the

development of the national livestock industry because of its adverse effects on livestock

production, productivity and on trade of animals and animal products into lucrative export

markets. Peste des petits ruminats is endemic in Tanzania; the affected area is extensive

and  lack  of  proper  information  of  disease  makes  funding  for  control  and  eradication

unrealistic  considering  the  presence  of  uncontrolled  livestock  movements  and  large

populations  of  wildlife  in  regular  contacts  with  small  ruminants.  Harnessing  on  the

growing enthusiasm for  PPR control  globally,  regionally  and in  individual  states,  are

factors favoring this study because it will complement efforts on understanding of PPR

epidemiology  and controlling  the  disease.  However,  the  extent  to  which  uncontrolled

livestock  movements,  wildlife  livestock  interaction  and  other  factors  relate  to  PPR

outbreaks is not known. A study is needed to establish the relationship of PPR outbreaks

in  different  geographic  areas  with  livestock  movements  and  the  role  of  wildlife  in

maintaining  and  spreading  of  the  disease.  This  information  is  necessary  during

implementation of control  and eradication programmes of the disease in Tanzania and

other endemic countries.

1.3   Justification of the Study

Since the introduction of PPR in Tanzania in 2008 (Swai  et al.,  2009), the disease has

contributed  significantly  to  economic  and  social  losses  to  the  livestock  keeping

communities (Mdetele et al.,  2015). Efforts and resources have been and continue to be

used to control this disease, targeting both where it was first described in the Northern
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Zone and high risky areas all over the country. In addition to that, there is a threat of

disease  to  cross  over  into  other  countries  of  the  Southern  African  Development

Community (SADC) Where PPR has not been reported. The study aims at establishing the

current  disease  situation  in  relation  to  livestock  movement  patterns,  interaction  with

wildlife and drivers for occurrence of outbreaks. This information will be of paramount

importance to policy makers and development partners in planning control strategies by

selecting and directing properly limited resources.

It is clear that a number of wildlife species are susceptible to PPR. However the role of

wildlife species in the epidemiology of PPR is uncertain (Lembo et al., 2013). Information

on spatial epidemiology of PPR in relation to small ruminants’ movement and interactions

with  Wildlife  in  Tanzania  will  contribute  to  scientific  understanding  of  the  PPR

epidemiology across ecosystems, which can have effect on decision making in relation to

animal movement control and vaccination for PPR control and eradication. Moreover, it

can  be  used  to  validate  control  programmes  and  ways  of  handling  PPR outbreaks  in

different ecosystems. 

1.4   Hypothesis and Research Questions

Hypothetically  this  study  will  determine  whether  PPR  spread  and  maintenance  in

Tanzania is associated with small ruminant movement and interactions with wild animals.

The following research questions were considered during the course of the study;-

i. How did PPR occur and subsequently spread in Tanzania?

ii. Which agro-ecological factors favor maintenance and spread of PPR in Tanzania?

iii. What are the clinical variations of PPR cases in livestock and factors favoring PPR

outbreaks in wildlife livestock interface area?
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iv. What  are the differences  in the magnitude of PPR between wildlife  that  are in

close contact and those far away from livestock?

1.5   Objectives of the Study

1.5.1   General objective

The overall objective of the proposed research is to improve the understanding of PPR

spread and maintenance in relation to livestock movements and interaction with wildlife,

information  necessary  for  proper  planning  of  control  and  eradication  of  the  disease

affecting sheep and goat stock and livelihoods of small-scale farmers.

1.5.2   Specific objectives

i. Critical review on the incursion, spread and maintenance of PPR in Tanzania.

ii. Compare  the  magnitude  of  PPR  prevalence  among  districts  of  different  agro-

ecological zones of Tanzania.

iii. To describe PPR outbreaks in livestock in the greater Serengeti ecosystem.

iv. To compare PPR seroprevalences among wildlife species in different habitats of

Serengeti ecosystem. 
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Abstract

Peste des petits ruminants (PPR) is a severe transboundary animal disease of sheep and

goats commonly found in East Africa. The disease has been reported in camels and other

artiodactyl wildlife species elsewhere. It is transmitted through direct and indirect contact

among infected and health animals. The study aimed at characterizing the epidemiology of

PPR  in  a  complex  ecosystem  with  multiple  livestock  and  wildlife  species  sharing

resources between countries in the cross border communities found in Karatu, Longido,
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Meatu, Monduli, Ngorongoro and Serengeti districts of Tanzania. Data collection involved

outbreak investigation, household interviews and herd dynamics examination techniques.

The samples collected during outbreak investigation were analysed by lateral flow device,

c-ELISA and qPCR tests. A total of 78 flocks were examined in Karatu (n=10), Longido

(n=9), Meatu (n=7), Monduli (n=11), NCAA (n=13), Ngorongoro (n=18) and Serengeti

(n=10).  Out of six study districts, PPR was confirmed in four districts namely; Karatu,

Longido, Ngorongoro and Serengeti. In Ngorongoro, PPR was confirmed in all the three

divisions of the district (Loliondo, Sale and NCAA), while in Karatu district, PPR was

confirmed in Mang’ola, the ward bordering with NCAA.  In the divisions of Ngorongoro

district PPR was confirmed in the following wards: Loliondo (Oloipiri, Arash, Soitsambu

and Enguserosambu), NCAA (Olbalbal) and Sale (Samunge and Malambo). In Longido

confirmed in Engarenaibor and Sinya wards. Peste des Petits ruminant virus lineage III

was found to be the predominant lineage circulating in the area. The confirmed cases of

PPR were higher among young sheep and goats coexisting with wildlife and those found

in Tanzania and Kenya border wards. The disease presented itself with mild clinical signs

unlike in a naïve population. The pastoralist communities were found to be aware of the

disease  clinical  signs.  Occurrence  of  PPR  in  livestock  populations  co-existing  with

wildlife  and  those  raised  by  border  communities  threatens  spill  over  of  disease  to

endangered  wildlife  and  spread  to  the  neighbouring  countries,  respectively.  This

necessitates  collaboration between veterinary and conservation authorities  and between

neighbouring countries on surveillance and Control of PPR.

Key words: PPR, Epidemiology, Ecosystem, Livestock and wildlife
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Introduction

Peste  des  petits  ruminants  (PPR)  is  a  severe  disease  of  sheep  and  goats,  commonly

occurring in East Africa. As well, it affects camels and other artiodactyl wildlife species

(Munir, 2014; Aziz-ul-Rahman et al., 2018).  In livestock, the disease is characterized by

high morbidity and mortality, causing loss of milk and meat, threatening food security and

livelihoods of pastoralists and smallholder farmers. Spill-over of the PPRV from domestic

to  wildlife  populations  could  result  into  serious  concerns  to  the  conservationists  as  it

threatens  the existence of endangered species (Travis  et al.,  2011; Munir,  2014; Kock

et al., 2015) thereby disturbing ecologies. The causative agent, PPR virus (PPRV), is a

morbillivirus  belonging  to  the  family  Paramyxoviridae  sharing  genetic  and  antigenic

characteristics with rinderpest (RP) virus (Diallo et al., 2007; Kumar et al.,  2014; Munir

et al., 2012; Rahman et al.,  2018). PPR is a highly transmissible transboundary animal

disease,  with  potentially  devastating  impacts  on  small  ruminants,  as  morbidity  and

mortality rates can be up to 100% in naive populations (Abu Elzein et al., 2004; Kumar

et al., 2014; Sharma  et al., 2015). From natural and experimental research it has been

shown that cattle in close proximity to infected goat and sheep can be infected with PPRV,

although they do not appear to be susceptible to clinical disease. It has been reported that

cattle and pigs become sub-clinically infected (Taylor and Barrett, 1946; Anderson and

McKay, 1994; Kumar et al., 2013; Sen et al., 2014), but recent experimental work has

shown that pigs can be clinically infected and transmit PPRV (Schulz et al.,  2018). PPR

for first time was suspected in the northern pastoral areas of Tanzania towards the end of

the year 2008 (Swai et al., 2009). The disease was confirmed and officially reported to the

World Organization for Animal Health (OIE) on the 27th of January 2009. By the end of

2010 the disease had further spread to eastern and southern parts of the country (Muse

et al., 2012; Kivaria et al., 2014). 
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Pest  des  petits  ruminant  virus  (PPRV)  infected  animal  transmit  the  virus  to  healthy

animals through the respiratory route. The virus is shed by sick sheep and goats prior to

the  development  of  clinical  signs  and up to  10 days  after  the onset  of  signs  (Truong

et al., 2014). The virus concentration is high in the excretions such as saliva, oral/nasal

discharges, urine and faeces of the infected animals (Parida et al., 2015). Contact with

those infectious  materials  is  the most important  way of transmission of the disease to

healthy susceptible animals. In severe cases that involve naive populations, the clinical

disease is usually acute, with pyrexia of 41 to 42°C and several animals in the flock get

infected at the same time (Truong et al., 2014). 

Live animal trade especially of sheep and goats at markets where animals from different

sources  are  brought  together  into  close  contact,  mixing  infected  and  naïve  animals,

increases chances for PPR transmission (Swai  et al.,  2009; Abubakar and Munir, 2014;

Munir, 2014; Baron et al., 2017). Grazing systems, watering points and use of common

markets and slaughter points link animals from different production systems and become

the focal for epidemic spreading (Swai et al., 2011; Abubakar and Munir, 2014). Traders

collectively  facilitate  the  contact  networks  that  provide  opportunities  for  disease

transmission. The long distance movement of livestock during drought periods increases

chances  of  interaction  between  livestock  and  wildlife  at  grazing  and  watering  points

(Mdetele et al., 2014) all these can facilitate spread and maintenance of PPRV. 

Of recent, there have been efforts at international and national levels, aiming at eradicating

PPR globally. Since the emergence of the disease in Tanzania, there have been vaccination

campaigns to limit its impact on livestock keepers, yet outbreaks continue to occur.  One

of the main challenges is lack of effective surveillance systems that would guide allocation

of the limited resources based on perceived risk profiles. Vaccination is usually applied in
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response to  outbreaks  based on funds availability,  aiming to reduce livestock keepers'

immediate losses due to the disease. However, low levels of vaccination coverage could

be  contributing  to  persistence  and  maintenance  of  the  virus  in  the  country.  A  more

pragmatic, research driven control programme is warranted to halt persistence and spread

of the PPR in Tanzania, as well as other countries endemic for the disease. 

The broader  objective  of  this  study was  to  establish  the  epidemiology  of  PPR in  the

livestock populations in the greater Serengeti ecosystem. Specifically the study aimed at;

i)  looking  at  the  interaction  of  wildlife  and  livestock  and  how the  multi-host  system

influenced the epidemiology of PPR in comparison to a single host system, ii) determining

the role of wildlife in the maintenance and spread of PPRV in the greater Serengeti area. 

This  work  build  on the  previous  studies  by  Jones  et  al. (2020)  and Mahapatra  et  al.

(2015), which came up with the following findings; i) there is clinical variability in PPR

cases, which makes the field diagnosis of PPR challenging, highlighting the importance of

access to pen-side antigen tests and multiplex assays to support improved surveillance, ii)

free-ranging wildlife  are  susceptible  to  infection  and can  act  as  sentinels  of  livestock

disease but do not appear to be maintaining infection across their populations. Yet it is not

known whether wildlife is becoming infected by contact with sheep and goats, or the virus

is circulating independently among wildlife. Compared to the previous studies, this study

was done in an extended area of six districts and much longer period of eighteen months. 

Methodology 

Study area

The study was carried out in Serengeti ecosystem comprising of Karatu, Longido, Meatu,

Monduli, Ngorongoro and Serengeti districts of the northern zone of Tanzania (Figure 1).
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The zone is characterized by having large number of wildlife interacting with livestock in

the protected areas found in those districts. Serengeti district is found on the western side

of the ecosystem and comprises of Serengeti National park, Ikorongo and Grumeti game

reserves  as  protected  areas.  Meatu  district  is  in  the  south  west  of  the  ecosystem and

comprises of Maswa and Makao game reserves. Karatu district is on the south east of the

ecosystem bordering with NCAA. Monduli and Longido districts are found on the eastern

side of the ecosystem, these have wildlife in areas set as wildlife management areas and

corridors.  Ngorongoro  district  is  in  the  epicentre  of  the  ecosystem  composing  of

Ngorongoro Conseravation Area Authority (NCAA) and Loliondo game controlled area

(LGCA) which are multiple land use areas. The area is a home to famous pastoralists in

East Africa i.e. the Maasai, barbaig (Mang’ati/Datooga) and agropastoralists belonging to

Sukuma, Kurya and iraqw (Wamburu) ethnic groups. These ethnic groups are famous in

cattle, goat and sheep production in Tanzania. Their livestock in some areas graze with

wildlife  from  the  conserved  areas  which  mostly  include  Zebra,  Thomson’s  gazelles,

Impala, Grant’s gazelles, Topi, buffaloes and giraffe. The study included sampling and

data collection that was done in a period of eighteen months from January 2018 to July

2019.
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Figure 1: Map  of  northern  Tanzania  showing  greater  Serengeti  ecosystem

Villages  where  outbreak  investigation  was  carried  out  during  the

study period

Data collection 

Field data gathering

The method used in the study was adopted from the previous study by Jones et al. (2020)

especially in outbreak investigation with some modifications. All the study districts were

visited to collect baseline information about production system, ethnic groups, wildlife

livestock  interactions,  livestock  movements,  animal  health  staffing/administrative

structure, common diseases, animal health services/facilities available,  PPR vaccination

history and livestock marketing (File S1).

PPR and  PPR like  disease  outbreaks  reported  by  livestock  field  officers  (LFOs)  and

district  veterinary officers (DVOs) before and during the study period in all  the study

districts were investigated. Flocks were selected and examined during investigation.  In

total 78 flocks were investigated in all the six study districts. Examined cases mostly had
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either one or all of the following: high mortality, ocular/nasal discharges, mouth lesions,

respiratory signs and diarrhoea in sheep and goats. The visited herds with reported cases

were  either  at  household  or  at  grazing.  While  doing  investigation,  semi-structured

interviews  were  conducted  to  the  family  member  found  during  the  visit.  As  well,

interviews were extended to other villagers in case they were available and willing to be

interviewed.  The  interviews  covered  the  following  aspects:  local  language  name  of

observed disease  and other  common diseases  in  their  area,  date  of  onset  of  observed

disease, number of diseased and died animals. Others were, clinical/post mortem signs,

disease  history  in  their  area,  nearby  affected  house  hold,  treatment  done,  vaccination

history, contact flocks, new animals brought in one previous month and wildlife contacts

and cases experienced in wildlife recently (File S2).

The field team visited the households and observed the flocks from a distance, followed

by estimation of flock size and identifying sick animals. Thereafter,  sick animals were

picked for clinical examination. On clinical examination, the first thing was determining

the age by using dentition and compare with owner information. Then rectal temperature

was measured using a clinical  thermometer,  other  clinical  signs including ocular/nasal

discharge, oral nasal lesions, respiratory signs and diarrhoea were recorded. For clinical

cases with temperature above 38.5oC or cases with ocular discharges, a lateral flow devise

(LFD) for PPR rapid test diagnosis was used to test whether the case was PPR or not as

described by Jones  et  al. (2020).  In  case of  LFD positive  in  one animal  in  the  herd,

samples were collected for laboratory confirmation on the tested animal and other 1 to 5

animals in the flock. The collected samples included pair of swabs (ocular, nasal and oral),

blood in plain vacutainer tubes for sera, whole blood in ethylene diamine tetra acetic acid

(EDTA), faeces and ticks in case they were available. 
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The whole blood in EDTA was processed by adding lysis buffer and serum was separated

from clotted blood.  Samples were stored at −163°C in liquid nitrogen until the end of the

fieldwork,  after  which they were transported to the Sokoine University  of Agriculture

(SUA) where they were stored at -80oC. Faecal samples were shipped in dry ice to the

Centre de Coopération Internationale en Recherche Agronomique pour le Développement

(CIRAD), France, where they were stored at −80 °C. 

Laboratory tests

All serum samples were analysed using c-ELISA test, while all swabs were analysed by

RT- qPCR. Positive samples on RT-qPCR were analysed by conventional PCR to get PCR

products that were sent to Pirbright Institute for sequencing.

Real-Time Reverse Transcription-Polymerase Chain Reaction (RT-qPCR)

Ocular swab samples (n=160) were screened for the presence of PPR virus nucleic acid by

real-time reverse transcription-polymerase chain reaction (TaqMan® T-qPCR), following

the method described earlier (Batten  et al.,  2011). All reactions were run with Nigeria

75/1 vaccine strain as a positive control and nuclease-free water as the negative control.

Nucleic acid was extracted from 100 μL of the swab samples (nasal or ocular) and orL of the swab samples (nasal or ocular) and or

PPRV  rapid  diagnostic  test  fluid  using  the  KingFisher  TM  Flex  extraction  system

(ThermoFisher  Scientific,  Paisely,  UK), following the manufacturer’s  instructions.  The

primers used was the N gene.

Sequencing and phylogenetic analysis

RT-qPCR positive samples were selected for gel-based polymerase chain reaction (PCR)

and obtained PCR products were sequenced, with the aim of determining the lineages of

the PPRV from the samples. The viral RNA was reverse transcribed and the C-terminus of
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the N gene was amplified. The partial N gene sequences were compared to the available

sequences in the GenBank by Blasting. Four sequences generated in this study were used

to construct a neighbourhood-joining phylogenetic tree. 

Results

During this study, a total of 78 flocks were examined in Karatu (n=10), Longido (n=9),

Meatu (n=7), Monduli (n=11), NCAA (n=13), Ngorongoro (n=18) and Serengeti (n=10).

The flocks examined in Ngorongoro district (n=7) where PPR was confirmed, were from

Loliondo and Sale divisions the PPR confirmation was done using qPCR test (Figure 2).

Whereas only one flock from Karatu and one flock from NCAA as part  of Ngorongo

district  were  confirmed  positive.  LFD confirmed  PPR in  Longido  (n=3),  Ngorongoro

(n=7)  and  Serengeti  (n=1).  Out  of  six  study districts,  PPR was  confirmed  in  Karatu,

Longido,  Ngorongoro and Serengeti  districts  using LFD and qPCR tests  (Table 1).  In

Ngorongoro district,  PPR was confirmed in all  three divisions in the following wards:

Loliondo (Oloipiri,  Arash, Soitsambu and Enguserosambu), NCAA (Olbalbal) and Sale

(Samunge and Malambo). In Karatu district, PPR was confirmed in Mang’ola, the ward

bordering with NCAA. In Longido the disease was confirmed in Sinya and Engarenaibor

wards, the wards found at the border with Kenya. Whereas, in Serengeti the disease was

confirmed in Kyambahi ward.
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Figure  2:  Study  districts,  outbreak  investigation,  samples  per  district,  LFD  and

qPCR positive results

Table  1:  Districts,  wards  and villages  with  PPR confirmed cases  by lateral  flow

devise and qPCR

District Ward Village
Karatu Mang’ola Malekchandi
Longido Sinya Ildonyoo

Engarenaibor Ngoswak
Ngorongoro Arash Mbukeni

Enguserosambu Naani
Esere Laitore
Soitsambu Kritalo
Oloipiri Lopor
Enduleni Enduleni
Nainokanoka Ilkepus
Misigiyo Longojoo
Olbalbal Irkipori
Samunge Samunge
Malambo Sanjani

Serengeti Nyichoka Kyambahi

About  60% of  animals  confirmed  to  be  PPR  positive  were  aged  below  six  months,

although some confirmed PPR positive  animals  were aged above three  years.  Mucoid

nasal discharge was observed in 55% of the cases. In addition, about 55% of cases had
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oral-nasal lesions.  About 27% of confirmed cases experienced coughing and 18% had

difficulty  breathing,  while  about  55%  of  cases  did  not  have  any  respiratory  signs.

Diarrhoea was manifested only to 45.5% of the confirmed cases, with only one animal

found to have bloody diarrhoea. About 45.5% of the PPR confirmed cases did not show

any kind of diarrhoea, with one animal having perianal epithelial tissue eruption. Of the

confirmed cases by qPCR, only 27% tested positive by the lateral flow devise used for

field confirmation of cases.  The selection criteria for clinical examination were animals

with  temperature  above  40oC  and  lacrimation.  The  confirmed  cases  had  temperature

ranging from 38.3oC to 41.3oC, about  70% had lacrimation,  20% did not  have ocular

discharges and one animal had mucopurulent ocular discharge.

Table  2: The proportional chi-squire test at 95% CI and 1 degree of freedom for

different attributes on the confirmed cases of PPR in Mara Serengeti area

S/n Category Chi
squire
Value

P 
Value

1 Species (Sheep and Goat) 7.840 0.0051
2 Sex (Male and Female) 1.00 0.3173
3 Age ( ≥6 month and < 6 month) 7.840 0.0051
4 Body temperature (≥38.5 and < 38.5) 67.240 < 0.0001
5 Ocular signs (conjunctivitis, lacrimation and purulent 

discharge) - Yes/No
40.960 <0.0001

6 Nasal discharge(Mucopurulent/purulent/watery) -Yes/No 1.00 0.3173
7 Oral-nasal lesions (gum congestion, necrotic tissues on 

gum/lips/tongue, ulceration of lips/mouth) - Yes/No 
1.00 0.3173

8 Respiratory signs (coughing, difficult breathing and rapid
respiration) - Yes/No

1.00 0.3173

9 Diarrhoea (watery, blood and soil hind quarter) -Yes/No 1.00 0.3173

RT-PCR
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Figure  3:  PCR  products  visualized  under  UV  Trans  illuminator  showing

nucleoprotein gene amplicons, T2, T3, T10, T11 and T13 PPRV from

Goat and sheep

Figure 4: Phylogenetic tree of PPR viruses based on the N gene constructed using

the neighbour-joining method in MEGA 7 software based PPRV partial

N-gene sequence
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Figure  5:   A:  ocular  and nasal  discharge,  B:  rough  hair  coat  and shivering,  C:

perianal epitherial tissue eruption and D: confirmed case of PPR using

rapid test kit

Interviews

From semi structured interviews, it was realised that pastoral communities were much

aware of animal  syndromes and have traditional  names and remedies  unlike the agro-

pastoral  communities  who mostly use Swahili  terms. However,  it  was noticed that  all

ethnic groups had no specific name for PPR, rather there were a number of syndromes

associated with presence of PPR or PPR-like diseases. 

A C

B D
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Table 3:   Common syndromes associated with PPR and other PPR-like diseases 

Syndrome Ethnic group traditional name

Balbaig Maasai Irak Kurya Sukuma

Lung disease/ respiratory Dagshaigiti Orkipei Khumpaa Ekihaha Mabupu
Diarrhoea Gheshaideda Ngorotik Deshimoo
Oral lesion/orf Daktuta/ Drihii Amasisa Lhumeme
Nasal discharge
Ocular discharge
Enlarged bile Ordwaa
Nervous signs Gdihenga Ormilo Parampili Ekisengoro Lusalo
Pox lesions Ormoloji Quluhay Amasondo Ndubi
Fever Selepta

Interviewed individuals in the study area reported Sheep and goats to be important assets

for livelihoods, they are source of food and income. They reported pastoral production

system  as  the  predominant  system,  characterised  by  extensive  mobility  in  search  for

pasture and water especially during drought period.  Movement of animals from infected

area to clean area on disease avoidance was a common practise. Often times, animals are

either sold or purchased from livestock keepers, traders or brokers in live animal markets,

primary or secondary, premises located at nearby villages, districts, regions for breeding,

fattening, trading or slaughter. To the markets and from the markets animals are moved on

foot. On grazing areas meeting herds from distant villages and even districts and wildlife

is  a  common practise  although wild  animals  mixing  with  livestock  is  not  a  common

feature. 
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Figure 6: Participatory map of Sinya Ward in Longido district; Green shadow is

Wildlife Management Area and grazing area, red shadow is a salt leaking

area and blue circles are water wells for animals drinking

Discussion

In the present study clinical cases of PPR reported by livestock field officers and livestock

keepers from different localities in the study area were confirmed by rapid field test (LFD)

and RT –qPCR. Serological analysis done by c-ELISA test was used to determine levels

of sero-conversion in the study area in localities where there was history of PPR clinical

signs and where PPR was confirmed by other tests. The clinical signs observed during

clinical  examination  and  reported  by  livestock  keepers  during  the  study  period  were

similar to what has been reported in other studies (Muse et al., 2012; Kgotlele et al., 2014;

Jones et al., 2020). 



60

However, in this study most cases presented in a milder form especially those confirmed

in  Karatu  district.  Among  the   PPR  confirmed  animals,  animals  which  had  nasal

discharges,  oral-nasal  lesions,  respiratory  signs  and diarrhoea,  the  most  common PPR

clinical  signs  were  many  than  those  which  did  not  show  those  signs.  There  was  no

statistically  significant  difference  in  proportions  of  animals  presenting  with  the  most

common PPR signs and those that did not show those signs (Table 2). Moreover, perianal

epithelial tissue eruption was observed in one of the clinical cases that later was confirmed

to be a PPR case. The animal had no any sign of diarrhoea but was found with other

clinical  signs  which included nasal  discharge and lacrimation,  an observation  that  has

never been reported in other studies. Ocular signs, increased body temperature (>38.5ºC)

and age of affected animals  (≥6month)  were found to be critical  features  in clinically

diagnosed  and  confirmed  PPR  cases  in  endemic  settings  like  Serengeti  ecosystems.

Moreover, in mixed species production, goats seemed to be more affected compared to

sheep.  Comparing  the  proportion  of  confirmed  cases  presenting  with  ocular  signs,

increased body temperature and species to those without these features. The features can

be considered in the standard case definition when diagnosing PPR suspected cases based

on clinical signs in endemic areas. Moreover, these features can be used in differentiating

PPR from other diseases with PPR like signs. 

In our study area, specifically in Ngorongoro, the population of sheep was higher than that

of goats, yet sheep were fewer during clinical examination compared to goats. Based on

RT-qPCR results, goats were mostly affected compared to sheep in the study area.  The

PPR clinical signs in sheep were less severe when compared to those in goats. However, it

is not clear whether this was due to the small number of diseased and examined sheep at

the time of the outbreak or was due to the virulence of the circulating lineage of PPRV.  In

this study, the confirmed PPR cases found to be more severe in young animals aged less
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than six months. This observation is in line with other studies where in PPR endemic areas

adult  animals  normally will  have already developed immunity from past infection and

young animals over four months and less than six months are highly susceptible because

that period coincides with the time when maternal immunity tend to decline (Awa et al.,

2002; Sanne et al., 2006; Balamurugan et al., 2012). Moreover, there was no statistically

significant difference between sex, a finding which is described in the literature (Jones

et al., 2020). 

The sequences from confirmed PPRV cases were used to construct a phylogenetic tree. It

was found that the PPRV cases from all sampled points belonged to lineage III. Previous

studies conducted in the same area at different periods found lineages II and III circulating

in the area (Kgotlele et al., 2014; Kivaria et al., 2014; Jones et al., 2020). Therefore, the

study finding is similar with the previous studies on the area, suggesting identical virus

circulates from the first outbreak reported in 2008 in Ngorongoro. 

Traditionally,  PPR  is  well  known  among  pastoralists  compared  to  agro-pastoralists

residing in areas around the Serengeti Ecosystem. During interviews, pastoralists named

PPR and other PPR-like diseases based on the presenting syndrome. However, not much

was found to be known among agro-pastoralists. This could probably be because livestock

keeping is not a primary means of livelihood among agro-pastoralists,  who depend on

both  crop  production  and  livestock  keeping  for  their  livelihood.  According  to  the

interviewed pastoralists it was revealed that although PPR seems to be a problem, it is not

a major problem if compared with clinical cases associated with nervous signs. According

to  them the  clinical  cases  associated  with  nervous  signs  are  not  curable  while  cases

associated with clinical signs similar to that of PPR can be prevented through vaccination

and animals respond well to treatment unlike cases of nervous signs. There was no known
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traditional remedy for PPR among both the pastoralist and agro-pastoralist communities,

indicating that there was no accumulated traditional  knowledge about PPR, suggesting

that the disease has not been in the area for a long period. This is in line with other studies

which reported that PPR was officially confirmed in Tanzania in year 2008.

Pastoral  production  system  is  reported  to  be  the  most  common  with  agro-pastoral

production system in the area associated with long distance movement of livestock. Sheep

and goats are considered as an important resource for livelihood as a source of food and

income. PPR has been confirmed in this area with multiple land use arrangements, where

livestock  coexist  with  wildlife  sharing  grazing  land,  watering  points,  and salt  leaking

areas,  thereby  coming  into  close  contact  (Figure  1).  Considering  the  mode  of  PPR

transmission,  there  is  a  high  chance  of  PPR spilling  over  to  wildlife  sharing  grazing

pasture, water resources and mineral leak with livestock. The possibility of clinical PPR

occurrence/outbreak in wildlife in the Serengeti ecosystem is inevitable. An indication of

spill over of PPR virus from livestock to wildlife has already been reported in previous

studies by detecting PPRV antibodies in a number of wildlife species (Mahapatra  et al.,

2015). As well PPR has been confirmed in cross border villages  (Ildonyoo and Naan)

where livestock keepers from Kenya and Tanzania share grazing resources and salt leak

areas (Figure 1 and Figure 3). This situation increases chances of disease moving between

the  two countries.  Managing a  TAD like  PPR in such a  situation  needs  cross  border

agreements on surveillance and control.

Conclusion and Recommendations

PPR cases were confirmed in the study districts, including all divisions of Ngorongoro

district, the epicentre of greater Serengeti Ecosystem. In Karatu and Longido districts the

disease has been confirmed in a ward bordering the NCAA in Karatu and that borders with
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Narok  and Kajiado  counties  of  Kenya in  Longido.  The  confirmed  cases  were  higher

among young sheep and goats coexisting with wildlife. The disease presented itself with

mild clinical signs unlike in a naïve population where normally the disease is severe and

occurs  in  form of outbreaks.  Lineage  III  was found to be prevailing  in  the area.  The

pastoralists are aware of the disease clinical signs, even though in some cases the disease

was  confused  with  other  diseases  with  similar  clinical  manifestation.  Co-existence  of

wildlife and livestock in the area where PPR has been confirmed increases risk of PPR

spilling  over  to  wildlife.  Nevertheless,  confirmation  of  PPR in the  border  wards  with

Kenya  necessitates  collaboration  of  conservation  authorities  and  countries  on  PPR

surveillance and Control by vaccination in order to prevent the possibilities of disease

spread  and  maintenance  among  endangered  wild  small  ruminants  species  and

neighbouring country.
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Abstract

Peste  des  petits  ruminants  (PPR),  is  a  severe  transboundary  viral  animal  disease  of

domestic and wild small  ruminants,  causing mortalities  that threaten food security and

conservation in Africa and Asia. Outbreaks of the disease have been confirmed in wild

species in Middle East and Asia but not in Africa.  The objective of this  study was to

determine the spill over of PPR virus, found and confirmed in livestock living in closer

proximity  to  wildlife  from  different  habitats  of  Serengeti  ecosystem  in  Tanzania.

A  cross-sectional  survey  was  conducted  to  determine  the  seroprevalence  of  PPR  in

wildlife  species.  Four  wildlife  species  buffalos  (Syncerus  caffer),  impalas  (Aepyceros

melampus),  Grant’s  gazelles  (Nanger  granti)  and  Thomson’s  gazelle  (Eudorcas

thomsonii),  of  different  ages  and  sex  were  sampled  from  different  zones  (habitats).

Wildlife  sampling  was  done  in  the  following  zones;  Serengeti  National  Park  (SNP),

Ngorongoro Conservation Area Authority (NCAA) and Loliondo Game Controlled Area

(LGCA).  Sample  sizes  were  calculated  based  on  wildlife  population  according  to

Tanzania Wildlife Research Institute (TAWIRI) aerial census. Capture of gazelles was by

netting  while  buffalos  and  impala  were  captured  by  chemical  immobilization.  Blood

samples were collected for PPRV antibody detection using competitive Enzyme-linked

immunosorbent  assay (c-ELISA) technique.  A total  of  270 wildlife  were captured,  26

(9.6%) from LGCA, 75 (27.8%) from NCAA and 169 (62.6%) from SNP, out of which

two (7.7%), seven (9.3%) and 30 (17.8%) were seropositive, respectively. Results for one

(3.8%), six (8%) and 42 (24.8%) animals from LGCA, NCAA and SNP, respectively,

were doubtful. There were no statistically significant differences in seropositivity between

zones,  species,  age  categories  and  sex.  PPR  virus  sero-convesion  in  wildlife  species

indicate that wildlife have been exposed to the PPRV. Having no statistical  significant

different in seroprevalence among wildlife species from different habitats indicated the

magnitude of virus circulation among wildlife from different habitat is the same. 
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Introduction

 Peste des petits ruminant (PPR) is a highly transmissible viral disease mostly affecting

sheep and goats in Africa, Asia and Middle East. As well, it has been affecting camels and

wildlife causing high morbidity and mortalities in naïve population, resulting into loss of

meat  and  milk  to  livestock  keepers.  This  results  into  threatening  food  security  and

livelihoods of communities depending on small ruminants (Kihu and Gitao et al., 2015).

Moreover, in wildlife, it threatens conservation as outbreaks have been confirmed in wild

species in the middle East and Asia though not yet confirmed in Africa including Tanzania

(Kock et al., 2015; Pruvot et al., 2020; Shatar et al., 2017).  In Tanzania, PPR antibodies

have been detected in wildlife which is associated with PPR spill over from the infected

livestock (Mahapatra et al., 2015). The role of wildlife in the spread and maintenance of

PPR is  not  clearly  known at  the  moment.  An outbreak  of  PPR has  been reported  in

livestock that share grazing, watering and salt licking areas with wildlife. Likewise, PPR

outbreaks have been reported and confirmed in free ranging wildlife  elsewhere, where

wildlife were sharing grazing with livestock which had experienced PPR outbreaks, as

well  as  in  the  confined wildlife  in  zoos  (Pruvot  et  al.,  2020).  In  Tanzania,  purposive

sampling was conducted in 2014-15 in wildlife co-existing with livestock  in the Serengeti

ecosystem, where PPR antibodies were detected in buffalos (Syncerus-caffer), wildebeests

(Connochaetes  taurinus),  Grant’s  gazelles  (Nanger-granti),  topis  (Damaliscus  lunatus

jimela),  hartebeests  (Alcelaphus  buselaphus)  and  impalas  (Aepyceros  melampus)

(Mahapatra  et al., 2015). PPR outbreaks were confirmed in sheep and goats in adjacent

areas of Ngorongoro district  during the same period. PPR virus (PPRV) is endemic in

Tanzania  and most  of  Africa,  Asia  and threatens  Europe (Parida  et  al., 2016).  It  has
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become  a  constraint  to  small  ruminant  production,  trade,  welfare  and  threatens

conservation of endangered wildlife species co-existing with livestock (Kock et al., 2015;

Munir, 2014a, 2014b; Travis et al.,  2011). The objective of this study was to investigate

the exposure of wild animals to PPRV and establish the role of wildlife in maintenance

and spread of PPR in the complex ecosystems. The generated information is necessary for

developing measures which limit further spread and maintenance of PPRV in Tanzania. 

Methodology

Study area

The study was carried out in Serengeti ecosystem located in northern Tanzania, with an

area  spanning  approximately  30  000  km2 including  Serengeti  National  Park  (SNP),

Ngorongoro Conservation Area Authority (NCAA) and Loliondo Game Controlled Area

(LGCA) (Figure 1). SNP is an area designated only for wildlife, while in NCAA wildlife

and livestock co-exist but other human activities are prohibited. In LGCA wildlife and

livestock co-exist  and other  human activities  are  allowed.  SNP covers  14 750 km2 of

grassland  plains,  savannah,  riverine  forest  and  woodlands.  It  is  found  in  northwest

Tanzania, bordered to the north by the Maasai Mara National Reserve of Kenya, NCAA to

the  southeast,  Maswa  Game  Reserve  to  the  southwest,  Ikorongo  and  Grumeti  Game

Reserves to the west and to the northeast and east is LGCA.

Ngorongoro Conservation Area Authority is a protected area and a World Heritage, where

on the East it borders with Karatu district, on the west borders with SNP, on the South

borders with Meatu district  and on the Northern side borders with LGCA. The area is

named after Ngorongoro Crater, a large volcanic caldera within the area. The conservation

area is administered by the NCCA. 
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Loliondo Game Controlled Area which covers an estimated area of 4000 km2 is a unique

area  providing  mixed  activities  for  the  community.  The  main  land  use  in  LGCA  is

livestock  keeping  comprising  of  pastoralists  in  about  90%  of  the  area,  wildlife

conservation, small scale agriculture and tourism - hunting of wild animals. SNP, NCAA

and LGCA together form the Serengeti ecosystem.

Figure  1:  Map  of  Serengeti  ecosystem  showing  Serengeti  National  Park  (SNP),
Ngorongoro Conservation Area Authority (NCAA) and Loliondo Game
Controlled  Area  (LGCA).  Showing;  primary,  secondary  and  other
sampling points

Sampling sites and procedure

 Sample  size  was  calculated  based  on wildlife  population,  information  obtained  from

TAWIRI aerial census of 2009 and 2010. PROMESA software [http://www.promesa.co.

nz/ProMESA.htm] was used to estimate sample size per location. Each sampling point

was assigned with the geo-referenced point, where animals that were found within a radius

of 5 km from the center point of selected geo-reference were captured using chemical
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immobilization  or  modified  netting  technique.  From each  sampling  point,  around five

animals were sampled. Sampling was done in four rounds, First round during 23 rd Aug –

5th September 2018 and Second round during 17th – 24th October 2018, third round during

5th - 25th March 2019 and fourth round during 15th - 24th August 2019. Immobilization of

buffalo’s adopted the use 9 - 12 mg etorphine in combination with100 mg xylazine or 50 -

80 mg Azaperone. 

Immobilization was reversed by 18 mg diprenorphine. The immobilization of Impala was

achieved by a combination of 3 mg etorphine, 3 mg meditomidine and 15 mg azaperone;

and  reversal  was  attained  by 8  mg naltrexone  and  1mg yohimbine.  Modified  netting

technique  was  used  for  Grant’s  and  Thomson’s  gazelles.  Initial  sampling  started  on

primary sampling points (red points on Figure 1) which were featured by good terrain.

These were followed by secondary points (blue points) and finally other sampling points

were used (green points). The exclusion criteria for sampling points were bad terrain and

limited number of animals. 

Sample collection

Blood was collected from the jugular vein in three 5 mL plain vacutainers and one 5 mL

vacutainer with EDTA. The blood in plain vacutainer was left to settle over night before

extracting the serum in 2.5 mL cryovials in the next day. Extracted serum samples were

stored  frozen  (-20oC)  temporarily  at  SNP  laboratory  before  they  were  transported  to

TAWIRI head office laboratory in Arusha where they were stored at -20oC, From Arusha

the samples were transported to Sokoine University of Agriculture (SUA) and were stored

at -80oC.
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Laboratory testing

The laboratory analysis of collected samples employed the c-ELISA technique using the

ID screen®, a competitive ELISA kit (IDvet, Grabels, France) for the detection of anti-

PPRV nucleoprotein  antibodies  in serum or plasma.  The kit  designed for detection  of

antibodies directed against the nucleoprotein of the PPRV. The test uses a plate coated

with purified recombinant PPR nucleoprotein (NP). The working principle of the kit is

that, anti-NP antibodies if present form an antibody-antigen complex which masks in the

NP  epitopes.  Anti-NP-peroxidase  conjugate  fixes  to  the  remaining  free  NP  epitopes,

forming an antigen-conjugate-HRP complex. On washing the plate, the excess conjugate

is eliminated. The substrate solution results into coloration depending on the quantity of

specific antibodies present in the sample to be tested. In the absence of antibodies, blue

solution  appears  which  becomes  yellow  in  addition  of  stop  solution.  In  presence  of

antibodies, no coloration appears. 

The  following  procedure  was  followed;  all  reagents  were  allowed  to  come  to  room

temperature and were homogenised by inversion.  Micropipette calibrated at 25 µL was

used to add dilution buffer 13 to wells. Then 25 µL of the positive controls were added to

wells A1 and B1 which was followed by adding 25 µL of Negative controls to wells C1

and D1. Finally 25 µL of each sample was added to the remaining wells. The plate was

incubated for 45min ± 4min at 37oC, which was followed by washing of each well three

times  using  300  µL  of  washing  solution.  Then  conjugate  1X  prepared  by  diluting

conjugate  10x to 1/10 in  dilution buffer 4 was added to each well  using micropipette

calibrated at 100 µL and incubated for 30min at 21oC (±5oC). Again each well was washed

three times using 300 µL of the wash solution. This was followed by addition of 100 µL

of the substrate solution to each well and was incubated for 15min ±2min at 21oC (±5oC)

in the dark. Finally 100 µL of the stop solution added to each well in order to stop the
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reaction. Later microplate leader was used to read, at the Optical Densities (OD) of 450

nm.

The results for each sample were calculated based on the competition percentage (S/N %),

Where S/N% was calculated by taking sample OD value and divide it by OD value of

negative control times one hundred. Where S/N% was ≤ 50% the sample was considered

as positive, 50% < S/N% ≤ 60% was considered doubtful and S/N %>60% considered as

negative (Libeau et al., 1995).

Data analysis

The  data  were  analysed  using  STATA© Version  12  computer  software.  Descriptive

statistics  were  computed  for  determining  frequencies  and  proportions.  Multivariate

logistic  regression  analysis  was  performed  to  assess  association  of  zones  (habitats),

species and age category variables with serological status.  Since the cut off points for

positive and negative serological results were <50 and >60 respectively based on test kit

manufacturer’s  guidance,  all  the doubtful <55 were considered positive and those >55

were considered negative during analytic analysis.



Results

Table 1: Sero-prevalence of PPR among different wildlife species in the Serengeti ecosystem, Tanzania

Results Grant’s gazelle Thompson’s gazelle Buffalo Impala Total

Doubtful 14 (10.3%) 0 32 (28.8%) 3 (21.4%) 49 (18.2%)

Negative 110 (80.9%) 6 (66.7%) 55 (49.6%) 11 (78.6%) 182 (67.4%)

Positive 12 (8.8%) 3 (33.3%) 24 (21.6%) 0 (0%) 39 (14,4%)

Total 136 9 111 (41.1%) 14 (5.2%) 270

Table 2:  Sero-prevalence of PPR among different zones (habitats) in the Serengeti ecosystem, Tanzania

Results LGCA NCAA SNP Total

Doubtful 1 (3.8%) 6 (8%) 42 (24.8%) 49 (18.2%)

Negative 23 (88.5%) 62 (82.7%) 97 (57.4%) 182 (67.4%)

Positive 2 (7.7%) 7 (9.3%) 30 (17.8%) 39 (14.4%)

Total 26 75 169 270

Table 3: Multivariate logistic regression analysis to determine association of zones, species, age categories and sex                                          

with PPR serological status

Variables Odds Ratio Std. Error Z P>/Z/ 95% conf. interval

Zone SNP 0.6309 0.4397 0.66 0.509 0.16096 2.47265
LGCA 1.3762 0.6859 0.64 0.522 0.51818 3.65512
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NCAA 1 -
Species Buffaloes 0.679815 0.311165 0.84 0.399 0.27719 1.66726

Impala 0.560481 0.477942 0.68 0.497 0.105369 2.98133
Thomson’s gazelles 0.680222 0.759151 0.35 0.730 0.076328 6.06207
Grant’s gazelles 1 -

Age
Category

Young 1.292667 1.110021 0.30 0.765 0.2401899 6.95695

Sub-adult 1.099303 0.4545546 0.23 0.819 0.4888223 2.47220
aged 1.842011 0.9864555 1.14 0.254 0.6448156 5.26198
Adult 1 -

Sex Male 1.246387 0.4089248 0.67 0.502 0.6552145 2.37095
Female 1 -



A total of 270 wildlife were captured, 26 (9.6%) from LGCA, 75 (27.8%) from NCAA

and 169 (62.6%) from SNP (Table 2).  The c-ELISA test  showed that  39 (14.4%), 49

(18.2%) and 182 (67.4%) of the sampled wildlife  had positive,  doubtful  and negative

results, respectively (Table 2). Two (7.7%), seven (9.3%) and 30 (17.8%) animals were

seropositive from LGCA, NCAA and SNP respectively.  Doubtful results were recorded

for  one  (3.8%),  six  (8%)  and  42  (24.8%)  animals  from  LGCA,  NCAA  and  SNP

respectively (Table 2). Compering PPR seroprevalence among different species of wild

animals captured, sampled and analysed: Grants Gazelles, Thomson gazelles, Buffaloes

and  Impala  the  seropositivity  were  12  (8.8%),  3  (33.3%),  24  (21.6%)  and  0  (0%)

respectively (Table 1). Statistically there were no significant difference in seropositivity

from animals  coming from different  zones/habitat  meaning that no difference between

animals sampled from areas where there was co-existence of wildlife and livestock with

no other human activities, wildlife only area and area with wildlife, livestock plus other

human activities. 

Discussion

Although PPR is known as a sheep and goat disease, clinical cases in domestic animals

other than sheep and goats, wildlife species have been reported and confirmed (Khalafalla

et al.,  2010; Kock et al.,  2015; Shatar et al., 2017). PPR outbreaks in species other than

sheep and goats have been reported in areas where affected livestock share grazing and

watering areas with clinically infected sheep and goats (Intisar et al., 2017; Pruvot et al.,

2020). During this study, there was no clinical case of PPR that was noted among wildlife

found in the study area. However, collected sera samples from some wildlife species were

found to be PPR seropositive. These sero-converted animals confirm that, they had been

in  contact  with  the  PPRV.  Compared  with  livestock  from  the  same  area,  the

seroconversion rate in wildlife is slightly lower (Jones et al., 2020). 
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It has been hypothesized that, there is spill over of the virus from infected domestic small

ruminants  to  wildlife  (Mahapatra  et  al., 2015).  The  sero  surveys  undertaken  in  wild

animals  prior  to  the  introduction  of  PPR in  livestock  were  found  to  be  seronegative

confirming  that  wild  animals  has  been  into  contact  with  the  virus  that  resulted  into

diseases  outbreak  in  livestock  (Taylor  et  al., 2002;  Lembo et  al., 2013).  The

seroconversion reported in the current  study among the captured and sampled wildlife

species from three different zones (habitats) and all species confirm the spill over. These

seroconverted animals from different species must have come into contact with PPRV at

one point in time. The sero surveys conducted in wildlife earlier before first confirmation

of PPR in livestock in Tanzania found that the wildlife were seronegative (Kock  et al.,

2006)  (Lembo et  al.,  2013).  Since  the  first  clinical  cases  of  PPR  were  found  and

confirmed in Tanzania, subsequent cases were found in livestock which are found in close

proximity to wildlife,  especially  in LGCA and NCAA in Ngorongoro district  (Kivaria

et  al.,  2013).  Therefore,  this  study  proves  the  fact  that  sero-conversions  observed  in

wildlife have their origin from infected livestock in the area. Pest des petits ruminants has

been  confirmed in sheep and goats found in NCAA at different periods (Jones  et al.,

2020; Kgotlele  et al., 2014b; Mahapatra  et al., 2015). Similarly, during this study PPR

outbreaks were confirmed in livestock found in LGCA, NCAA and Karatu districts. The

livestock from these areas are co-existing with wildlife; and wildlife in these areas share

grazing,  watering  and  salt  leaking  areas  with  the  livestock  confirmed  to  have  PPR.

Therefore, it is evident that the sero-conversion observed in wildlife is due to virus spill

over from livestock to the wild animals. Though there was no observed PPR clinical case

in the wildlife during the study period, chances are that, such clinically sick wild animals

get  predated  on  by  carnivorous  as  they  get  weak  and  easily  spotted.  A  sick  animal

becomes weak and an easy target for carnivores in these kind of ecosystems where pray

and predators co-exist. In that way it is difficult to observe such animals in one or two
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visits.  Likely,  if  clinically  sick  animals  consumed  by  carnivores  at  an  early  stage  of

disease,  such a situation  tends to limit  further disease transmission either  among wild

animals or back to livestock that share grazing resources. In that way, less wild animals

were  found to  have  PPR antibodies  and no PPR clinical  cases  were  observed among

wildlife  in  the Serengeti  ecosystem.  Hence,  PPR becomes  a  self-limiting  disease in  a

complete ecosystem like Serengeti where prey and predators are found in an ecologically

balanced ratio.

There was no a statistically significant difference when a comparison was made for the

magnitude  of  seroconversion  between  wildlife  found  in  closer  proximity  to  livestock

(NCAA and LGCA) and those found far away or  not in  contact  at  all  with livestock

(SNP).  Normally,  it  was expected that  wildlife  coexisting with livestock could have a

higher level of sero-conversion in case the transmission is limited only from livestock to

wildlife as it has been explained in other studies (Mahapatra  et al.,  2015). Nevertheless,

wildlife species from areas where there is no interaction with livestock were found to have

equally seroconverted. The findings suggest that there is possibility of PPR being cross

transmitted from livestock to wildlife and equally the infected wildlife transmit to other

wildlife that are not coming into contact with livestock, though this cannot rule out  the

fact  that  various studies have shown that  livestock have been entering  illegally  in the

protected areas especially during drought period searching for water and grazing pasture

(Mdetele et al., 2015), in that way transmitting PPR to wildlife in areas where livestock

are not found legally. As well during the interview with the residents, they mentioned that

the practise of taking animals to the protected areas is common among livestock keepers

surrounding those areas. 
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The low PPR seroprevalence in the NCAA, together with co-existence of wildlife and

livestock,  could  have been influenced by the  conservation  authority  investing  on PPR

routine procurement and free vaccinations to sheep and goat herds found within NCAA

area.  This  practise  limits  PPR virus  spread  among  livestock  and  spilling  over  to  the

wildlife, unlike in the LGCA where there is no properly organised vaccination of livestock

to  control  PPR.  As  well  unvaccinated  animals  grazing  around  the  SNP  and  animals

entering illegally in the SNP could have resulted into relatively higher PPR seroprevalence

in  the  SNP  and  LGCA,  resulting  into  the  two  areas  having  a  relatively  higher

seroprevalence compared to the NCAA. 

Limitation of the study

The c-ELISA test kits used in this study for analysis of samples have been validated for

goat  and  sheep  samples,  and  not  other  species.  This  could  have  resulted  into  high

variations  between  the  positive,  negative  and  doubtful  results.  Therefore,  a  need  for

validation of the test kits for wildlife and other species is needed. 

Conclusion and Recommendations

Findings  of  this  study suggest  that  there is  spill  over  of  PPR virus  from livestock to

wildlife,  affected  livestock spill  the virus  to  the wild  animals.  The control  of  PPR in

livestock limits spread of the disease to wildlife coexisting with livestock. Therefore, need

further study to establish possibility  of virus being maintained and spread back to the

livestock.  Furthermore,  there  is  a  need  for  the  validation  of  the  c-ELISA test  kit  for

wildlife as the percentages of doubtful results were higher. 
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CHAPTER THREE

3.0   General Discussion

PPR was confirmed in 2008 at northern Tanzania, since then it has been spreading from

northern part to other part of the country. At the moment is considered to be endemic in

the country. It is likely to have been introduced from Narok, Kenya into northern Tanzania

through cross-border movement of small ruminants for trade or for grazing resources and

then spread within Tanzania through the movement of small ruminants by pastoralists and

traders during 2008 to 2010. Presence of PPR virus lineages II, III and IV indicates that

there has been more than one phase of virus introduction in the country. Currently there is

no evidence of PPR clinical disease in wildlife species, although serological samples from

several wild ruminant species indicate sero-conversion and therefore previous exposure

with PPR virus is  evident.  Similarly,  no PPR disease has been observed in  cattle  and

camels, but serological evidence indicates exposure to PPR virus infection among these

animal species. 

The epidemiological study of PPR virus in ecosystems with populations of multiple in-

contact susceptible wild and domestic ruminant species suggests a zonal predisposition of

PPR sero-prevalence with districts in the semi-arid and coastal zones having significantly

higher values compared to those in the plateau ecological zones. Analysis of 2490 samples

from  sheep  and  goats  confirmed  the  endemic  nature  and  wide  distribution  of  PPR

throughout  Tanzania.  The  findings  which  are  in  line  with  what  has  been  reported  in

previous studies carried out in the country, where PPR sero-prevalences were found to be

higher in arid and semi-arid districts  of Ngorongoro, Longido, Simanjiro and Monduli

(Swai et al., 2009; Kivaria et al.,  2014), as well as coastal districts of Lindi and Mtwara



97

(Muse et al., 2012; Kivaria et al., 2014; Franklin et al., 2015). Similarly, in other parts of

the East African region, studies have shown PPR sero-prevalences to be higher in arid and

semi-arid areas. These include studies conducted in Turkana and Karamoja in Kenya and

Uganda, respectively (Ruhweza et al., 2010; Gitao et al., 2014; Kihu et al., 2015; Dundon

et  al.,  2017;  Nkamwesiga  et  al.,  2019).  In  Nigeria,  sero-survey  of  PPRV  in  small

ruminants from different ecological zones showed that the states found on savannah areas,

which  are  ecologically  similar  to  arid  and  semi-arid  zones,  had  higher  PPR  sero-

prevalence compared to states in the tropical rain forest and plateau (Woma et al., 2016).

According to Lefèvre and Diallo (1990), PPRV infections persist in regions of low relative

humidity and that the PPRV survives longer in dry regions (Morandell et al., 2008). The

mentioned attributes are a characteristic of the zones found to have higher sero-prevalence

in this study and therefore their observations are in support of the findings of the current

study.  

On the characterization of PPR disease in an area where livestock interact with wildlife in

the Serengeti  ecosystem (Karatu, Longido, Meatu, Monduli,  Ngorongoro and Serengeti

districts).  PPR was confirmed in areas where clinical cases were reported by livestock

field  officers  in  small  ruminant  populations  from  different  localities.  Clinical  signs

observed and used for cases identification and later verified by rapid field test (LFD) and

c-Elisa test in the laboratory were similar to those reported in other studies; both in the

country  and elsewhere  (Muse  et  al., 2012;  Kgotlele  et  al.,  2014;  Jones  et  al., 2020).

Moreover, qPCR was used to confirm the diagnosis. PPR cases were confirmed in all

divisions of Ngorongoro district, the epicentre of greater Serengeti Ecosystem area and

Karatu district in the ward bordering NCAA. Most confirmed cases were among young

sheep and goats  coexisting  with  wildlife.  The lineage  III  was  found to  be  prevailing

lineage in the area. The disease presented itself with mild clinical signs unlike in a naïve
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population  where  the  disease  is  normally  severe  and  occurs  in  form  of  outbreaks.

The pastoralists were found to be aware of the disease clinical signs, even though in some

cases  they  confused  with  other  diseases  with  similar  clinical  manifestation.  The

distribution of PPR confirmed cases in the study area suggested higher chances of PPR

spilling over to wildlife as several confirmed cases occurred in areas where livestock co-

exist with wildlife. In addition, to that other confirmed cases were found in the country’s

border  villages.  A  participatory  map  drawn  by  villagers  indicated  that  animals  from

villages in Kenya and Tanzania share grazing and salt leak resources. In that case there

were higher chances for the disease moving between two countries, something which can

complicate the control if there is no cross border agreements on joint surveillance and

control of the diseases.

On comparing PPR sero-conversion rates between wildlife co-existing with PPR infected

livestock to those which are not in close contact with livestock to determine if there is spill

over of PPR from infected livestock to wildlife, animals from all habitat found to have

sero converted. This is the  first time that ppr seropositivity is reported in wide variety of

habitat. Therefore, the finding of this study suggests that there is spill over of PPRV from

infected  livestock  to  wildlife.  On  comparing  the  sero  –  conversion  rate  between

habitat/zones,  species  and age  categories  it  was  found that  there  were  no  statistically

significant difference among groups of animals from those different habitats, species and

age categories. Normal it was expected that wildlife co-existing with livestock would have

higher  percentage  of  sero-conversion between habitats/zones.  Relatively,  animals  from

areas where there is no interaction found to have higher percentage on sero prevalence

than areas where wildlife co-exists with livestock. The assumption is there is possibility of

the PPRV being cross-transmitted from livestock to wildlife and from infected wildlife to

other wildlife which has not come into contact with livestock. Although no PPR clinical
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case observed among wild animals  during study period,  chances  are  such animals  are

being consumed by carnivores. In areas with complete ecosystem like Serengeti where

number of herbivore and carnivores are checked and balanced by nature there possibilities

such animals  with  clinical  signs  are  easily  spotted  and get  consumed by carnivorous,

something which results into not observing sick wild animal easily. The study area is a

wilderness where as soon as an animal gets sick, it  is easily spotted by carnivores and

considered as a weak pray, therefore it can be very difficult to find such animals in one or

two visits.  The finding does not  suggest  on either  the sero-conversion was caused by

interaction  with  infected  livestock  or  interaction  among  infected  wildlife  and  health

animals.  On  comparing  different  zones/habitats  there  was  no  statistically  significant

difference  among wildlife  that  coexist  with  livestock and areas  where  there is  no co-

existence.  However,  chances  are livestock are source of the virus even in the non-co-

existence areas due to the fact that various studies have shown that livestock have been

entering illegally in the protected areas especially during drought periods searching for

water and grazing pasture (Mdetele et al.,  2015). During interviews with the residents,

they also mentioned that the practise of taking animals to the protected areas is common

among  livestock  keepers  surrounding  those  areas.  In  addition  study  has  shown  large

disparity between positive, negative and doubtful results in the serological tests between

species as well as between zones/habitats. Such disparity necessitate for validation of c-

Elisa for wild animals and other species apart from sheep and goats.
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CHAPTER FOUR

4.0   General Conclusion and Recommendations

4.1   Conclusion 

Since entry of PPR in the country on northern Tanzania in 2008, the disease has been

spreading and maintaining all over the country despite some efforts which have been used

to control it. Pastoralist and trade stock movements have been found to be the main reason

for  the  disease  spreading  and  maintenance,  lack  of  proper  surveillance  and  control

strategies by vaccination is the other reasons for the existence of the disease into different

parts  of  the country.  PPR distribution  in the country  shows agro-ecological  zone pre-

disposition, with sero-prevalences being higher in semi-arid and coastal agro ecological

zones associated with pastoralist and live animals traders movements. 

The disease has been confirmed in the Serengeti  Ecosystem area,  the confirmed cases

were among young sheep and goats coexisting with wildlife, as well other confirmed cases

were depicted on the cross border villages. The lineage III was found to be a prevailing

lineage in the area.  Currently the disease has been presenting with mild clinical  signs

unlike in a naïve population where the disease is normally severe and occurs in form of

outbreaks. It has been found that pastoralists are aware of the disease clinical signs, even

though in some cases confused with other diseases with similar clinical manifestation.

No PPR clinical case has been found in wildlife. However, all investigated species from

all  zones/habitats  were  found  to  have  Sero-converted.  Wild  animal  sero  conversion

indicate the spilling over of PPRV from infected livestock to wildlife, studies done before

PPR introduction to Tanzania found no sero - conversion. Nevertheless, the number of the
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sero-positive and doubtful results among species and habitat was high, a thing which need

to consider validation of the c-ELISA test kit for wildlife species, other animals apart from

sheep and goats. 

4.2   Recommendations

i. Control  or  eradication  strategies  for  PPR  should  consider  the  agro  ecological

zones, suggestive of the favourable conditions for survival and perpetuation of the

virus among reservoir hosts and the susceptible animal populations in these areas. 

ii. Pastoralists, agro pastoralists and live animals traders of live animal are among key

stakeholders  to  be  engaged  both  in  development  and  implementation  PPR

surveillance, disease prevention, control and eradication strategies.

iii. PPR surveillance and control in conserved areas need a joint effort between the

Veterinary and conservation authorities. In the cross border districts strategies need

cross-border agreements and harmonization. 

iv. Considering  high  percentage  of  doubtful  results  observed  from  the  wild  life

samples subjected to c-ELISA diagnsosis as compared to livestock samples, there

is a need for PPR c-ELISA test kits validation for species other than sheep and

goats. 
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APPENDICES

Appendix 1: TANAPA Authorization to sample wildlife in Serengeti
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Appendix 2: NCAA authorization to sample wildlife in Ngorongoro conserved area

Appendix 3: TAWA authorization to sample wildlife in Loliondo game controlled
area
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Appendix 4: House hold interview report form

Interview code Date
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Name(s)  of

main

interviewee(s)
Villag

e
Ward

Distric

t

Interview type Individual / group
No.

interviewees
Male Female

1.  Introduction: introduce  the  project,  explaining  that  you are  collecting  information

about the sheep and goat production system in this area the disease problems that are

faced.

Ask if they are willing to answer a few questions - participation is voluntary.

(Depending on time available and level of interest of the household members, try to cover

some or all of the topics) 

2. Sheep and goat diseases: we would like to know about the sheep and goat diseases that

are troubling you in this area?

● List the diseases with local name

● Ask the characteristics of each disease, focussing more on the PPR-like diseases

(respiratory, diarrhoea, fever, discharges); 

o the main clinical signs

o the cause

o Which species and ages are affected?

o Which season?

o How do you treat or prevent the disease?

● Which of these diseases causes significant losses to you?

3. Disease prevention/control: what do you normally do to prevent diseases?

● Vaccinations, parasiticides, supplements, traditional methods?
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4. Grazing patterns: where do you normally take your sheep and goats for grazing? And

for water?

● What about during the dry season – grazing, water?

● And the rainy season?

● Who normally takes the sheep and goats for grazing?

5. Contact with other flocks: who do you meet in the grazing area?

● In the dry season

● In the wet season?

6. Wild animals: do you meet wild animals in the grazing land, or at the watering points?

● What species?

● How close do the herbivores come to the sheep and goats?

● Have you seen any sick or dead wild herbivores in the past one year?

7. What do you do to increase the size of the flock?

● Where do you buy sheep or goats?

● Other reasons for animals joining the flock?

● What time or times of year do the sheep normally give birth?

● And when do the goats give birth?

8. Do you ever sell any sheep or goats?

● Where do you sell them?

9. Are all your sheep and goats here in this flock?

● Do you ever give or loan sheep or goats to other people, or receive any from other

people? Can you give some examples of these from the past one year (to/from

who, to/from which place, reason – marriage, assistance, etc.)

10.  Livelihoods: Apart  from sheep and goats,  what  other  activities  are  you doing for

income?
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11. Closing – thank you, give advice, do they have any questions for you?

12. Clinical cases: finally – do you have any sick sheep or goats at the moment that we

can look at?

Flock observation – if the flock is available:

● How is the flock enclosed at night, during daytime?

● estimate the flock size through observation

● What proportion are sheep/goats?

● Any clinical cases? Record the main clinical signs, types of animals affected the

local name for the disease problem.
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Appendix 5: Outbreak Investigation report form

Owner name Main informants

Village Date of investigation

Ward GPS Coordinates: 

latitude
District GPS Coordinates: 

longitude

1.  Date  of  onset  of

first case

2.  Animals

affected

Goats Sheep Remarks (age groups, sex, breed)

No. sick

No. dead

Total no. in flock

3. Clinical signs Goats Sheep
Clinical signs
No. abortions

Effect on milk production?

Effect on body condition/growth?

Effect on marketing?

Post mortem signs

4. What local name do you call this disease?

- What does this name mean?

5a. Have you seen this disease before in your flock?

5b. When?
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6. Are any other flocks in the 

area affected?

- number of flocks and their 

location

- Any contact with this flock?

7a. What treatment or 

control measures have you

applied?
7b. What effect did you 

observe?

8a. Has the flock 

been vaccinated 

against PPR?

8b. When?

8c. What other 

diseases has the 

flock been 

vaccinated 

against?

8d. When?

9. What other disease problems
have you seen in  the flock in
the past one year?
- local names, meaning
- clinical signs

10.  Does your flock have contact  with

other flocks? 
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- When and where?

11a.  How long has  your  flock been in

this location?
11b. If the flock moved in the past year,

when, where and why was it moved?

12a. Did you buy any sheep or goats in

the past one month?
12b. Did you take any sheep or goats to

the  market  that  were  unsold  and

returned to the flock in the past month?

13. Has the flock been in contact  with

any wild animals?

- Which type of wild animals?

-  When  and  where?  (grazing,  water

point, other)

- Type of contact?

14.  Have  you  seen  sick  or  dead  wild

animals?

- Species?

- When and where?

- Clinical signs?

15. Any other 

remarks
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Appendix 6: Clinical examination form for sick animals

Owner name:                  Village: Ward: District:
Code:

No
.

Species Sex Dentition
(pairs perm 
incisors)

Age Temp 
⁰C

Ocular signs; 
discharge, other

Nasal 
discharge

Oro-
nasal 
lesions

Respiratory
signs, rate

Faeces PPR 
rapid 
test 
result

Remar
ks

G Sh M F 0 1 2 3 4

Notes: 1. Ocular discharge/other: watery, mucoid, purulent, redness, congestion, opacity. 2. Nasal discharge/other: watery, mucoid, purulent, lesions. 3. 
Oral lesions/other: congestion, lesion type, limited/widespread, salivation. 4. Respiratory signs/rate: tachypnoea (normal goat 10-30/min, sheep 
15-40/min), cough, dyspnoea. 5. Faeces: firm/soft/runny, haemorrhage, mucus. 6. Remarks: general condition, activity, depression, appetite, able to stand.

File S1 – Key informant interviewes
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Appendix 7: Clinical examination form for sick animals

District Livestoc
k 
producti
on 
system

Ethnique 
groups

Wildlife 
livestock 
interaction

Livestock 
movement
s

Livesto
ck 
populat
ion

Administrativ
e structure 
and animal 
health 
personnel

Common 
diseases and 

Animal 
health 
facilities and 
services 

PPR 
Vaccination 

Livestock 
marketing

Karatu Pastorali
sts  and 
agropast
oralists

Iraq (Mbulu) - 
agropastoralist,
Barabaig 
(Mangati) and 
Maasai – pure 
pastoralists.

Hadzabe found
around lake 
Eyasi mostly 
hunter and 
gatherers. 

At Lake Eyasi 
escarpment 
animals move 
up and down 
to 
Ngorongoro.

During the dry
season, people 
(Iraq and 
Barabaig) take
their animals 
into the forest 
at night,

move 
animals to 
Shinyanga, 
Singida, 
Tanga, 
Dodoma, 
Coastal

The district has
four divisions; 
Mburumburu, 
Karatu, 
Endabashi and 
Mang’ola, 4 
wards and 62 
villages.

Ormilo, 
CCPP , 
Helminthosis 
and 
Brucellosis

The two 
vehicles are 
grounded. 
Some LFOs 
have 
motorbikes. 
They have a 
functional 
fridge-freezer

The last PPR 
vaccination was 
in 2008-9 under 
the VACNADA 
project. In 2015-
16 Alphavet was 
conducting 
combined PPR 
and pox 
vaccination in 
Ngorongoro and 
neighbouring 
areas (Morocco 
vaccine)

Karatu, 
Mang’ola, 
Endabash, 
Mbulumbulu
, Matala, 
Basodawish.

Longido 95% 
Pastorali
st

about 90% 
Maasai

Wildlife share 
grazing and 
water with 
livestock, 
there are 
wildlife in all 
wards; 
antelopes, 

Movement 
is to 
Monduli, 
Kilindi, 
Siaya 
(Moshi), 
Manyara, 
Kenya

Livestoc
k 
populati
on: 
215,000 
cattle, 
400,000 
goats 

The district has
4 divisions, 18 
wards and 48 
villages. 

There is one 
DVO, 3 
Livestock 
Officers, 17 

Ormilo, 

CCPP, 

PPR,

Sheep and 
goat pox

 Three 
fridge/freezers
, 
large/medium 
and small, but 
only one large
cool box and 
one small one.

Last PPR 
vaccination in 
2012 by 
VACNADA 
Project. They 
have a 
vaccination 
calendar, and 

Longido, 
Kitumbeine, 
Noondoto, 
GelaiLumbw
a, 
GelaiMeirug
oi, Mairowa 
(EngareNaib
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giraffe, 
wildebeest, 
especially in 
Tingatinga 
(east), 
Gelailumeigoi 
(west) and 
Ketumbeine 
(east).

and 
300,000 
sheep

Livestock Field
Officers and 1 
rangeland 
officer

,orf LFOs have 
own cool 
boxes 

PPR is scheduled
for April because
they tend to see 
PPR in June-
July.

or), Ilkaswa, 
Ngeriani, 
Sinya, 
Kamwanga, 
Engekaret, 
MIVARF 
near 
Namanga.

Meatu Agro 
pastorali
sts

Sukuma; 
transhumant 
pastoralists 
keeping cattle, 
sheep and 
goats, 

Mang’ati; like 
Taturu they 
don’t move far,
but may move 
to NCAA

Maswa Game 
Reserve –
livestock are 
not allowed to 
enter, but 
people take 
them in; 
cattle , sheep 
and goats

Makao WMA 
animals 
allowed 
grazing within 
the WMA 
during harsh 
times but not 
during the 
rainy season.

 There 2 
divisions, 29 
wards and 109 
villages. Staff; 
1 DVO, 5 
Livestock 
Officers, 27 
LFOs (9 in the 
HQ and 26 in 
the field, 22 
diploma 
holders, 2 
certificates, 3 
laboratory 
officers – but 
no lab) and 2 
rangeland 
officers. 

 CCPP, 
babesiosis 
and other 
tick-borne 
diseases, 
coccidiosis 
and 
coenurosis.

The last PPR 
vaccination 
conducted in the 
district was in 
2014, and there 
was no private 
vaccination being
carried out

Bukundi, 
Sangaitinje, 
Malwiro, 
Mwanhuzi, 
Usiulize –
Animals are 
taken to 
Mwanza, 
Arusha, Dar 
es Salaam, 
and to Kenya
via Msoma 
and Tarime. 

Monduli mostly 
pastorali
st, with 

Maasai and its 
group

About 75% of 
the district is 
multiple land 

Animals  
seasonally 
migrated 

Accordi
ng to the
2012 

 Three 
divisions; 
Kisongo, 

 Contagious 
Caprine 
PleuralPneu

Cold chain: 
there were two
fridges in 

The last PPR 
vaccination by 
the government 

Kigongoni 

Engaruka 
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some 
agro-
pastorali
sts,

use with 
humans, 
livestock and 
wildlife. 
Southern part 
of district is 
wildlife 
corridor.

between 
Monduli, 
Longido, 
Ngorongor
o, Karatu, 
Babati, 
Simanjiro 
and 
Arumeru 

census 
there 
were 
162,188 
sheep 
and 
186,266 
goats in 
the 
district

Makuyuni and 
Manyara. 
There 20 wards
and 61 
villages.

Animal health 
personnel: one 
DVO, 5 
Livestock 
Officers, 28 
Livestock Field
Officers

monia, 
Coenurosis, 
Sheep and 
goat pox,  
Orf and 
Diarrhoea

Monduli town 
(Kisongo 
Division) and 
a freezer for 
ice packs, and 
one fridge in 
each of the 
other two 
divisions.

had been in 
2013. Farmers 
wanting 
vaccination ask 
the LFO who 
purchase vaccine 
from the private 
vet shops 
vaccinate for 
pay.

Selela

Makuyuni 

Nanja –
Meserani

Monduli juu

Monduli 
Mjuini 

Mbuyuni

Loksale

There are 
also informal
markets.

Ngoron
goro

Pastorali
sts

100% Maasai Seasonally 
animals 
migrate into 
the Loliondo 
Game 
Controlled 
area; 
Masherin, 
Olchoro Oybor
and Alamana, 
which are 
close to 
Serengeti 
National Park.

Graze 
between, 
Kenya and 
Tanzania

cattle 
505,657,
791,270 
goats 
and 
856,646 
sheep 
determi
ned 
during 
2012

Animal health 
personnel are 1
DVO, 4 
Livestock 
Officers, and 
16 Livestock 
Field Officers. 
Some wards 
have no LFO; 

CCPP,

coenurosis, 
anthrax

Deep freezer 
and three 
working 
fridges, one 
large cool box
and 3 small 
ones, and a 
vehicle fridge,
as well as 
deep freezers 
in Samunge 
and Arash. 
Also, borrow 
equipment 
from the 

LFOs buy 
vaccine from 
Arusha; people 
come with 
vaccine from 
Kenya and 
vaccinate 
people’s herds.

Ololosokwan
, Soitsambu, 
Arash, 
Piyaya, 
Malambo, 
Pinyinyi, 
Engerasero, 
Olbalbal, 
Nainokanoka
, Alaytole, 
Olmesuti, 
Esere, 
Endulen, 
Kakesio, 
Osinoni, 
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health 
department.

Transport: 
there is one 
car and 9 
motorcycles 
of which 5 are
working, 

Alailelai, 
Oldonyosam
bu, Naiyobi 
and Wasso 

Serenge
ti

Agro-
pastorali
sts, 
cultivati
ng crops 
and 
keeping 
cattle 
sheep 
and 
goats.

approximately 
half Kuria, 
Koma and 
Ngoreme 
(different sub-
groups of 
Kuria)

Approximately
half of 
Serengeti NP 
is within 
Serengeti 
District, and 
most of the 
wildlife in the 
park, close to 
the settlement 
areas

sheep 
populati
on is 
greater 
than 
goats

There are 4 
divisions, 30 
wards, 78 
villages, as 
well as some 
sub-villages. 
The animal 
health 
personnel are; 
1 DVO, 4 
Livestock 
Officers, 18 
LFOs, 1 range 
officer, 1 
extension 
officer and 2 
animal 
scientists.

Sheep and 
goat pox

Tick-borne 
disease – 
anaplasmosis 
is rampant

Orf

CCPP

 Two fridges 
(one not 
working), 1 
deep freezer, 2
vehicle 
fridges, 3 big 
vaccine 
carriers.

one working 
vehicle and 
one not 
working

There was PPR 
vaccination in 
2012 supported 
by VACNADA, 
but none since 
and there is no 
private use of 
vaccine

Mugumu

Lung’abule, 
Masinki, and
Isenye, 
Majimoto, 
Kisaka, 
Nyasurura 
and Musati. 
Informal 
markets; 
Machochwe, 
Mbalimbali, 
Nyambuli, 
Melenga, 
Monuna, and
Omaki

Appendix 8: File S1 – Key informant interviewes
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