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EXTENDED ABSTRACT
Foot-and-mouth disease (FMD) is an acute, highly contagious viral infection of
domestic and wild cloven-hoofed animals. In Tanzania the disease is known to be
endemic with periodic outbreaks occurring in different geographical areas. This study
was conducted to determine the seroprevalence and socio-economic impact of FMD
in relation to livestock movements in a wildlife-livestock interface ecosystem
(Serengeti and Bunda Districts) compared to a non-interface ecosystem (Iramba and
Kongwa Districts). The study attempted to establish the socio-economic impact of
FMD in these study districts. Four hundred serum samples were collected from
Serengeti (n = 100), Bunda (n = 100), Kongwa (n = 100) and Iramba (n = 100) and
tested for FMD antibodies presence using 3ABC-ELISA. In addition, forty
questionnaire copies to establish the socio-economic impact of FMD were
administered to livestock keepers: Serengeti (n = 10), Bunda (n = 10), Kongwa (n =
10) and Iramba (n = 10). Significantly higher association between geographical areas
and seroprevalence was recorded in the wildlife-livestock interface areas (71.5%;
143/200) compared to non-interface areas (61.0%; 122/200) (X2 =4.9308, p = 0.0264,
C.F 95%). Socially, FMD outbreaks impact on food insecurity (85.0%), failure to
meet education costs (90.0%) and medical costs (77.5%). Economically, FMD
impacts were observed in losses associated with treatment costs (87.5%), milk
productivity (85.0%), draught power (80.0%), livestock market loss (67.5), lower
livestock weight gain (60.0%), lower fertility (37.5%), abortion (35.0%), death of
animals (25.0%) and vaccine supply costs (2.5%). In conclusion, FMD is more
prevalent at the wildlife-livestock interface (71.5%) than in non-interface areas

(61.0%). Higher percentages in case response on social impacts and economic losses
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indicate magnitude of the problem and feelings of livestock keepers about FMD in
both ecosystems. However, lower percentage on case response to vaccine supply cost

indicates there is no control of FMD by vaccination.
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1.0 GENERAL INTRODUCTION

1.1 Background Information

Foot-and-mouth disease (FMD) is an acute, systemic disease of domestic and wild
cloven-hoofed animal species and is caused by Foot-and-mouth disease virus
(FMDYV). The virus (FMDV) is classified within the genus Aphthovirus in the family
Picornaviridae (Rancanielo, 2001). The virus exists in seven serologically and
genetically distinguishable types, namely, O, A, C, Asial, SATI1, SAT2 and SAT3,
but a large number of subtypes have evolved within each serotype (Pereira, 1977).
Among domesticated species; cattle, pigs, sheep, goats and water buffaloes are
animals affected by FMD. Species of cloven-hoofed wildlife may become infected,
and the virus has occasionally been recovered from other species as well (OIE, 2009).
FMD is characterised by appearance of vesicles on the feet, in and around the oral
cavity, and on mammary glands of female animals. Mastitis is a common sequel of
FMD in dairy cattle. The severity of clinical signs depends on strain of virus,
exposure dose, age and breed of affected animals, host species and immunity of
affected animals. Mortality from a multifocal myocarditis is most seen in young than

adult animals (OIE, 2009).

The highly contagious nature of FMDYV and the associated productivity losses make it
a primary animal health concern worldwide. The main constraints in controlling this
disease and why it is considered as the most deadly viral disease are its high
contagiousness, wide geographical distribution, broad host range, ability to establish
carrier status, antigenic diversity leading to poor cross-immunity, and relatively short

duration of immunity. Poor surveillance and diagnostic facilities as well as



inadequate control programmes are major problems in control of this disease in
Tanzania (Kivaria, 2003). Besides causing direct losses to livestock economy, it also
causes indirect losses in terms of severe trade restrictions, impacts which may be
higher than direct losses. Effective vaccination and stringent control measures have
enabled FMD eradication in most developed countries, which maintain unvaccinated,
sero-negative herds in compliance with strict international trade policies. However,
the disease remains enzootic in many regions of the world, posing a serious problem

for commercial trade with FMD-free countries (Carrillo et al., 2005).

Tanzania is endowed with a large number of animal resources heavily contributing to
the wellbeing of her people by providing food security, employment, raw materials,
transport/working and manure for crop production. According to 2007/2008 Tanzania
livestock census (NBS, 2012), the country has a total of 2,329,942 households raising
livestock. Tanzania ranks third in Africa in terms of cattle population after Ethiopia
and Sudan with 21,280,875 cattle followed by goats (15,154,121), sheep (5,715,549)
and pigs (1,584,411). Yet, livestock diseases, especially transboundary animal
diseases (TADs), are threatening the survival of this important resource for survival
of a large number of households. Of all the TADs, FMD was mentioned as the most
important livestock disease in the Tanzania Livestock Census Report (NBS, 2012).
About 73% of livestock populations in Tanzania are in a communal grazing livestock
production system while 25% of the livestock population belongs to pure pastoral
system and 2% are in semi-commercial production system (Kivaria, 2003).
Commercialization is mainly found in highlands, urban and peri-urban areas. Pastoral

and agro-pastoral livestock rearing systems are characterized by movement of



livestock from one area to another, and sometimes these livestock are moved and
grazed across international borders, in game reserves, forest reserves and national
parks. These patterns of livestock movements often follow seasons, the livestock
owners moving and settling temporarily in areas where there is abundant pastures and
water especially in game reserves, forest reserves and national parks. During these
movements, cattle come into close contacts with resident herds at communal grazing
and watering points. They also come into contact with wild animals which are mostly
regarded as FMDYV carriers. Moreover, livestock movements are generated as a result
of farmers-livestock keepers' conflicts, cattle rustling, trade, breeding purposes and
socio-economic reasons (gifts, debt repayment, and dowry). All movements
substantially contribute to the countrywide spread and maintenance of FMD in the
livestock population (Msami et al., 2006). However, there are forceful movements of
pastoralists like eviction of pastoralists from Ihefu, Kilosa, Kilombelo and Nkasi
which contributed to uncontrolled movement of livestock to places like Lindi and
Ulanga. The movements have high risk of spreading infectious diseases including

FMD.

The epidemiology of FMD in Tanzania is complicated by the presence of large
numbers and types of wildlife that may harbour FMD-virus, in particular SAT-2 in
the African buffalo, Syncerus caffer (Dawe et al., 1994). Buffaloes are known to
harbour FMD viruses (Radostis et al., 2000) and are probably the major source of
cattle infection in Tanzania. A single buffalo can become infected with all three of the
endemic sero-types of FMD virus SAT-1, SAT-2, and SAT-3, posing a threat to other

susceptible cloven-hoofed animals (Vosloo et., al 2001). FMD outbreaks have also



been confirmed in impala (Aepyceros melampus) in Kruger national park (Vosloo et
al., 2001) and unconfirmed cases of FMD were reported in giraffe calves (Giraffa
camelopardalis) in Laikipia in Kenya (OIE, 1997). Thus, a large population of such
wildlife present in Tanzania serves as an FMD virus reservoir increasing the risk of
FMDV spill over into domestic livestock. On the other hand, it is well documented
that domestic cattle are efficient maintenance hosts for FMD viruses (Radostis et al.,
2000), if control is not maintained. Interaction of wild animals and domestic animals
in places like Ngorongoro conservation area complicate the situation in case of

introducing control measures for FMD in Tanzania.

The immediate economic impact of FMD in Tanzania is not obvious. Although FMD
is endemic in Tanzania, the overall clinical-prevalence is low at about 3% (Shoo et
al., 1992), presumably as a result of large population of Tanzania shorthorn zebu
cattle in which the disease runs a gentle course. FMD is a serious impediment to the
national livestock economy for two reasons. There is a constant risk that FMD virus
may escape from FMD endemic traditional herds to the high-producing herds in the
commercial sector. Secondly, the continual presence of FMD in the traditional sector
and wildlife hinder access of livestock and livestock products from Tanzania to high-

value international markets.

FMD was first reported in Tanzania in 1927, and efforts to eradicate and /or contain
this economically important disease have not been fruitful. Implementation of
vaccination programmes and control of livestock movements have not been

efficiently executed such that FMD epidemics are still being experienced each year.



The presence of foot-and-mouth disease (FMD) in Tanzania is a major obstacle to the
development of the national livestock industry because of its adverse effects on
livestock production and on trade of animals and animal products into lucrative
export markets. Uncontrolled livestock movements, presence of large populations of
wildlife in regular contact with livestock, and general lack of enthusiasm for FMD
control among key stakeholders, are some of the factors favouring the persistence of
FMD in Tanzania (Kivaria, 2006). However, the extent to which uncontrolled
livestock movements and other factors are related to FMD outbreaks is not known.
Therefore, the goal of this study was to determine seroprevalence of foot and mouth
disease in the wildlife-livestock interface and non-interface areas, to identify
associations between livestock movement and other factors responsible for spread of
FMD, to determine the extent of the FMD problem among livestock keepers in the

two ecosystems and consider the best way of controlling the disease.

1.2 Objectives of the Study

1.2.1 General objectives

The general objectives of the study were to establish seroprevalence of foot-and-
mouth disease in wildlife-livestock interface and in non-interface areas in relation to

livestock movements and establish its socio-economic impact in Tanzania.

1.2.2 Specific objectives
The specific objectives were to:
(1) Establish seroprevalence of FMD in wildlife livestock interface areas and in non-

interface areas.



(i1) Establish the socio-economic impact of FMD in study areas.

2.0 GENERAL MATERIALS AND METHODS

2.1 Study Design

A cross-sectional epidemiological study design was used, whereby households were
randomly selected from purposively selected villages in the study districts. Each
household was visited for administration of the structured questionnaire that was used

and for blood sample collection from animals.

2.2 Study Area

The study areas were wildlife-livestock-interface areas, namely Serengeti ecosystem,
Serengeti and Bunda District; and non-wildlife-livestock-interface areas which were
central parts of Tanzania, particularly Kongwa District in Dodoma Rigion and Iramba

District in Singida Region.

2.3 Sample Size
The sample size was calculated using an estimated prevalence of 45.3% (Chepkwoy
et al., 2012). The formula is according to Dohoo et al. (2003), as follows:
n=27"P (1-P)/ d’, where:
n = required sample size,
z = 1.96 (95% confidence level of significance level),
p = expected prevalence (45.3%),
(1-p) = probability of having no disease,

d = precision level or allowable error (5%), and the design effect of 10%.



Four hundred (400) sera samples collected, 100 serum sample from each district.

Moreover, 40 questionnaire copies were used, 10 copies per district.

2.0 CONCLUSIONS AND RECOMMENDATIONS

2.1 Conclusions

The study showed that foot-and-mouth disease is prevalent in Tanzania. Uncontrolled
livestock movements resulted into higher prevalence of FMD in Kongwa district
compared to districts found in wildlife-livestock interface areas. The disease is highly
prevalent in the country. In addition to other factors, less investment in control of
Foot-and-Mouth Disease is the major cause of its high prevalence. With such high
FMD prevalence, FMD is a serious impediment to livestock production in Tanzania.
Livestock keepers from the two ecosystems are traditionally knowledgeable on FMD

clinical signs, risk factors as well as seasonality of outbreak.

Moreover, it was observed that there was no significant difference in opinions among
livestock keepers from wildlife-livestock interface and non-interface areas as well as
among study districts on foot-and-mouth disease impacts. However, higher
percentages in case response in every aspect between the two ecological zones
indicated the magnitude and feelings of livestock keepers about FMD. In addition to
that, low percentage response on vaccine supply cost conveyed the feeling that
nothing was being done on controlling the disease by vaccination. Considering the
socio-economic impacts of FMD from the study and the importance of the livestock

sector to Tanzania, FMD control could result into significant change in poverty



reduction among livestock keepers as well as contribution of the livestock sector to
gross domestic product (GDP). Therefore, vaccination and controlled man-made

animal movement is the best strategy for control of FMD in Tanzania.

2.2 Recommendations

1. There is need for awareness creation among livestock keepers on the importance of
vaccination of animals against FMD, and animals should be vaccinated with
appropriate vaccines.

2. Man made controlled livestock movements in association with epidemiological
investigation of FMDYV spread should be applied in Tanzania.

3. A further study should be conducted at a wider scale on socio-economic impacts of

FMD in Tanzania and neighbouring countries.
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Abstract

A cross sectional study was conducted in the Serengeti ecosystem (wildlife-livestock interface) and central part
of Tanzania (non-interface) area to determine the prevalence of foot and mouth disease (FMD) in Serengeti, Bunda,
Kongwa and Iramba Districts. Seroprevalence investigation using 3ABC—ELISA technique indicated that the overall
prevalence of antibodies against FMD virus was 66.3%. Significantly high prevalence was recorded in wildlife-
livestock interface areas (71.5%) compared to non-interface areas (61.0%). District-wise, higher prevalence was
recorded in Kongwa district (89.0%) followed by Serengeti (78.0%), Bunda (65.0%) and Iramba (33.0%). Species-
wise, higher prevalence was found in bovines (69.8%), ovines (52.4%) and caprines (11.1%). From various risk
factors, ecosystem distribution (X* = 4.9308, p = 0.0264) and species distribution (X* = 28.3236, P = 0.0001), the
results indicated that FMD is highly prevalent in wildlife-livestock interface areas than in non-interface areas.
However, uncontrolled livestock movement in Kongwa District resulted into much higher FMD prevalence than in
districts where there is wildlife-livestock interface. The presence of antibodies against FMD virus in species other
than cattle revealed that there is a need to consider other species in planning for FMD control.
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Introduction cloven-hoofed wildlife may become infected, and the
virus has occasionally been recovered from other

Foot and mouth disease (FMD) is an acute, febrile, species as well (OIE, 2009). According to World
systemic disease of domestic and wild cloven-hoofed  Organization for Animal Health (OIE), FMD ranks first
animal species and is caused by Foot and Mouth among noticeable infectious diseases of animals (OIE,
Disease Virus (FMDV). The FMDV virus is classified =~ 2000). The main constraints in controlling this disease
within the genus Aphthovirus in the family and why it is considered as the most dreadful viral
Picornaviridae (Racaniello, 2001). The virus exists in disease are its high contagiousness, wide geographical
the form of seven serologically and genetically  distribution, broad host range, ability to establish carrier
distinguishable types, namely, O, A, C, Asial, SATI, status, antigenic diversity leading to poor -cross-
SAT2, and SAT3, but a large number of subtypes have immunity, and relatively short-lived immunity. The
evolved within each serotype (Pereira, 1977). Among  epidemiology of FMD in Tanzania is complicated by
domesticated species, cattle, pigs, sheep, goats and  presence of a big population of wildlife that may
water buffalo are susceptible to FMD. Species of  harbour FMDYV, in particular SAT in African buffalo

*Corresponding author: Daniel Mdetele, Sokoine University of Agriculture, Faculty of Veterinary Medicine, P. O.
Box 3015, Chuo Kikuu Morogoro, Tanzania. E-mail: daniel. mdetele@sacids.org
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(Syncerus caffer) (Dawe et al., 1994). Buffaloes are
known to harbour FMD viruses (Radostis et al., 2000),
and are probably the major source of cattle infection in
Tanzania. A single buffalo can become infected with all
three of the endemic serotypes of FMD virus SAT-1,
SAT-2, and SAT-3, posing a threat to other susceptible
cloven-hoofed animals (Vosloo et al., 2001). Thus, the
large population of such wildlife present in Tanzania
serves as FMDV reservoir, with potential spill-over into
domestic livestock. On the other hand, it is well
documented that domestic cattle are efficient maintenance
hosts for FMD viruses if control is not maintained
(Radostis et al., 2000). Poor surveillance and diagnostic
facilities as well as inadequate control programmes are
major problems in control of this disease in Tanzania and
elsewhere (Kivaria, 2003). Effective vaccination and
stringent control measures have enabled FMD eradication
in most developed countries, which maintain
unvaccinated, seronegative herds in compliance with
strict international trade policies. However, the disease
remains enzootic in many regions of the world, posing a
serious problem for commercial trade with FMD-free
countries (Carrillo et al., 2005). Interaction between wild
and domestic animals pose a great threat in implementing
control measure against FMD. This study was conducted
in order to determine seroprevalence of FMD in the
wildlife-livestock interface and non-interface areas and
propose control strategies for FMD in Tanzania.

Materials and Methods

This study was conducted in the wildlife-livestock
interface areas of Serengeti ecosystem, which included
areas around Serengeti National Park (Serengeti and
Bunda districts) and non-interface areas in the Central
part of Tanzania (Kongwa and Iramba districts) (Fig. 1).
The study was conducted between March and November
2013.

Study design

Study animals were selected from wildlife-livestock
interface and non-interface areas in the districts named
above. Two hundred (200) animals were selected from
wildlife-livestock interface areas and 200 from non-
interface areas with 100 animals being selected randomly
from each District. All the sampled animals had not been
vaccinated against FMD.

A cross-sectional epidemiological study was
conducted. The sample size (n) was estimated using
estimated prevalence of 45.3% (Chepkwony et al., 2012)
and the formula is according to (Dohoo et al., 2003); n =
7> P (1-P)/ d> where n = required sample size, Z = 1.96
(95% confidence level of significance level), P = expected
prevalence (45.3%), (1-P) = probability of having no
disease, d = precision level or allowable error (5%) and
the design effect of 10%. Using this formula, a minimum
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Fig. 1: Map of Tanzania showing study areas and FMD risky
factors

sample size of approximately 400 animals was considered
sufficient to provide sufficient power for the study. Blood
samples were collected and transported under cold chain
to the laboratory where serum was separated and stored at
-20°C until testing.

The PrioCHECK® foot and mouth disease virus
3ABC-Ab ELISA kit manufactured by Prionics Lelystad
B.V of Netherland designed to detect FMD specific
antibodies in sera samples was used according to
manufacturer’s instructions. Optical density (OD) was
measured at 450 nm. According to the principle of this
test, the percentage inhibition (PI) value increases with
more FMDYV antibodies, therefore, where PI was >50 that
serum sample was regarded as a positive sample and
where PI was <50 as an FMD negative sample.

The data collected was analyzed using statistical
package SAS. Variation of the prevalence between the
two different ecosystems; wildlife-livestock interface and
non-interface, was determined using chi-square > test. In
all analyses, confidence level was at 95% and P<0.05 set
for significance.

Results

Out of 400 sera samples tested for the presence of
antibodies to the 3 ABC non-structural protein of FMDV
66.3% (265/400) were positive. The highest prevalence
was recorded in wildlife-livestock interface areas; it was
significantly different (X> = 4.9308, P = 0.0264) from the
prevalence recorded in non-interface areas where the
prevalence was 61.0% (122/200) (Table 1). Higher FMD
prevalence was recorded in Kongwa District (89%,
89/100) than in Serengeti (78%, 78/100), Bunda (65%,
65/100) and Iramba (33%, 33/100) (Table 2). The
difference in FMD prevalence between districts was
found to be statistically significant (X* 78.8372,
P<0.0001). Comparing species seroprevalence, the study



Table 1: Seroprevalence of FMD in study area

Location Number of samples Serological status Prevalence

N %  Negative Positive %
Interface 200 50 57 143 71.50
Non-interface 200 50 78 122 61.00
Total 400 100 135 265

X*=4.9308; P=0.0264

Table 2: Seroprevalence of FMD in the study districts

District  Number of samples Serological status Prevalence
N % Negative Positive %
Serengeti 100 25 22 78 78.00
Bunda 100 25 35 65 65.00
Kongwa 100 25 11 89 89.00
Iramba 100 25 67 33 33.00
Total 400 100 135 265
(X*=78.8372; P<0.0001)
Table 3: Seroprevalence of FMD among species
Specie  Number of samples  Serological status Prevalence
N % Negative Positive %
Bovine 361 90.25 109 252 69.81
Caprine 18 4.5 16 2 11.11
Ovine 21 5.25 10 11 52.38
Total 400 100 135 265

(X*=28.3236; P = 0.0001)

revealed a higher prevalence in bovines (69.8%, 252/361)
followed by ovine (52.4%, 11/21) and caprine (11.1%,
2/18) (Table 3). The difference among prevalence in
species was found to be statistically significant (X* =
28.3236, P =0.0001).

Discussion

The overall prevalence of FMD in the wildlife-
livestock interface areas and in non-interface areas was
found to be high at 45.3%. A similar study by Lembo et
al. (2012) in the northern zone wildlife-livestock interface
area found a prevalence of 68% in Serengeti.
Seroprevalence of FMD among different species in
Serengeti was found to be 77%, 59% and 47% in bovine,
caprine and ovine animals respectively, which was
slightly different from what was found in this study where
FMD prevalence was 69.8% (bovine), 52.4% (ovine) and
11.1% (caprine).

Although high prevalence was found in wildlife-
livestock interface areas, Kongwa District not in wildlife-
livestock interface area showed higher prevalence of
FMD than Districts found in interface areas. This is
mainly due to presence of large livestock market bringing
animals from various places. Animals from pastoral
society are grazing on maize leftovers after harvesting,
Kongwa animals grazing in pastoral areas with
pastoralists during cropping season as most areas of the
district used for maize-growing resulting shortage of land
for grazing. On top of that, presence of two major roads
crossing the district and the district having favourable
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environment for resting transported animals make the
district to be at high risk of the disease. Allepuz et al.
(2006) also described the association between the risks of
FMD occurrence and distance to main roads, railway
lines, wildlife parks, international borders and cattle density.

In Tanzania, the highest prevalence of FMD has been
recorded on pastoral herds (Lembo et al., 2012). The high
prevalence can be attributed to lack of effective control
measures under-reporting of FMD cases, absence of
systematic disease surveillance and control measures like
periodic vaccination. FMD is one of the major causes for
considerable economic losses of the rural communities in
Tanzania. In endemic countries, vaccination is the best
control strategy that may be applied with controlled man-
made animal movement. Vaccines should be formulated
in considering circulating virus serotype and topotypes.
However, vaccination programme must cover more than
80% of the susceptible population (OIE, 2000).

In conclusion, the study showed that foot and mouth
disease is prevalent in Tanzania. Uncontrolled livestock
movements resulted into higher prevalence of FMD in
Kongwa district compared to districts found in wildlife
livestock interface areas. The disease is highly prevalent
in the country because of not investing in control of foot
and mouth disease. With such higher FMD prevalence,
FMD is a serious impediment to livestock production in
Tanzania. Therefore, vaccination and controlled man-
made animal movement is the best strategy for control of
FMD in Tanzania.

Acknowledgement

The study was supported by Southern African Centre
for Infectious Disease Surveillance (SACIDS) and
Ministry of Livestock Development and Fisheries, both of
which are highly thanked for the support. Moreover,
willingness and cooperation of animal keepers and local
Government Authorities and all their contributions and
supports are gratefully acknowledged.

References

Allepuz, A., Stevenson, M., Kivaria, F., Berkvens, D.,
Casal, J. and Picado, A. 2006. Risk factors for Foot-
and-Mouth Disease in Tanzania, 2001-2006.
Transboundary and Emerging diseases online
Jjournal, 58: 44-52.

Carrillo, C., Tulman, E.R., Delhon, G., Lu Z., Carreno,
A., Vagnozzi, A., Kutish, G.F. and Rock, D.L. 2005.
Comparative genomics of foot-and-mouth disease
virus. Journal of Virology, 79: 6487-6504.

Chepkwony, E.C., Gitao, C.G. and Muchemi, G.M. 2012.
Seroprevalence of foot and mouth disease in the
Somali Eco-system in Kenya. International Journal
of Animal and Veterinary Advances, 4: 198-203.

Dawe, P.S., Flanagan, F.O., Madekurozwa, R.L.,
Sorenson, K.J., Anderson, E.C., Foggin, C.M., Ferris,



N.P. and Knowles, N.J. 1994. The natural
transmission of foot and mouth disease virus from
African buffalo (Syncerus caffer) to cattle in a
wildlife area in Zimbabwe. Veterinary Record, 134:
230-232.

Dohoo, 1., Martin, W. and Stryhn, H. 2003. Veterinary
Epidemiology Research. 2™ (Ed.) AVC Inc., Canada,
P: 41.

Kivaria, F.M. 2003. Foot and mouth disease in Tanzania:
An overview of its national status. Veterinary
Quarterly, 25: 72-78.

Lembo, T., Kibona, T., Auty, H., Casey, H., Fumagwa,
R., Haydon, D., Kassanga, C., Kazwala, R., King, D.,
Knowles, N., Marsh, T., Mshanda, D., Ngeleja C.,
Parekh, K., Parida, S., Paton, D., Reeve, R., Yoder,
J., Yongolo, M. and Cleaveland, S. 2012. Patterns of
exposure and infection and house hold implication of
foot and mouth disease in endemic rural communities
of northern Tanzania. ISVEE -Book of Abstracts.

OIE, 2000. World Organization for Animal Health. Manual
of standards for diagnostic tests and Vaccines. Office
International des Epizootics, Paris. P:86.

OIE, 2009. Terrestrial Manual: Foot and mouth disease.
Chapter 2.1.5. Paton, D.J., Sumption, K.J., Charleston.

211

Res. Opin. Anim. Vet. Sci., 2014, 4(4): 208-211.

Option for control of foot and mouth disease:
knowledge, capability and policy. Phil. Trans. R. Soc.
B 364: 2657-2667.

Pereira, H.G. 1977. Subtyping of foot-and-Mouth disease
virus. Development in Biological Standardization,
35:167-174.

Racaniello, V.R. Picornaviridae: the viruses and their
replication, in Knipe, D.M. and Howley, P.M.
(editors), Fields Virology, 3rd edition, Lippincott
Williams &Wilkins, Philadelphia, Pa, USA, pp: 685-
722.

Radostis, O.M., Gay, C.C., Blood, D.C. and Hinchcliff,
K.W. 2000. Veterinary Medicine; A Textbook of
Diseases of Cattle, Sheep, Pigs, Goats and Horses. 9"
(Ed). W.B. Saunders, London. P:1059-1066.

Vosloo, W., Boshoff, K., Dwarka, R. and Bastos, A.
2001. The possible role that buffalo played in the
recent outbreaks of foot and mouth disease in South
Africa. International Joint Conference, Society for
Tropical Veterinary Medicine and the Wildlife
Disease Association. Wildlife and Livestock Disease
and Sustainability: Book of abstracts. Edited by Kwa
Maritane Lodge and Bakubung Bush Lodge
Pilanesberg National Park, South Africa.



Socio-economic Impact of Foot and Mouth Disease in Wildlife-Livestock
Interface and Non-Interface Areas in Tanzania

'Daniel Mdetele*, 'Christopher Kasanga,>*Misago Seth and*Kim Kayunze

'Sokoine University of Agriculture, Faculty of Veterinary Medicine, P. O. Box 3015, Chuo Kikuu
Morogoro, Tanzania
*The Nelson Mandela African Institution of Science and Technology, School of Life Sciences and
Bioengineering, P. O.Box 447, Arusha, Tanzania
3 National Institute for Medical Research (NIMR), Tanga Medical Research Centre, P.O.Box 5004,
Tanga, Tanzania
*Sokoine University of Agriculture, Development Studies Institute (DSI), P. O. Box 3024, Chuo

Kikuu Morogoro, Tanzania
*Corresponding author daniel.mdetele @sacids.org

Abstract

Background: Foot-and-Mouth Disease (FMD) is one of the major trans-boundary animal
diseases (TADs) in Tanzania. The disease is an obstacle to development of the livestock
sector because of its adverse effects to livestock production and trade of animals and animal
products. The study aimed at documenting the social and economic impacts of FMD among
livestock keepers in two different ecosystems (Wildlife-livestock interface areas and non
interface areas) where pastoral and agro-pastoral modes of livestock rearing are predominant
in Tanzania.

Materials and Methods: A cross-sectional study was conducted in Serengeti ecosystem
(Wildlife-livestock Interface) and in the Central part of Tanzania (Non-interface) to
determine the social and economic impacts of FMD in Serengeti, Bunda, Kongwa and
Iramba Districts. A structured questionnaire was administered to 40 households, which
included 10 from Serengeti, 10 from Bunda, 10 from Kongwa and 10 from Iramba.

Results: The results showed that, socially, FMD outbreaks impact on food insecurity
(85.0%), failure to meet education costs (90.0%) and medical costs (77.5%). Economically,
FMD impacts were observed in losses associated with treatment costs (87.5%), milk
productivity (85.0%), draught power (80.0%), livestock market loss (67.5) lower weight gain
(60.0%), lower fertility (37.5%), abortion (35.0%), death of animals (25.0%) and vaccine
supply cost (2.5%). Statistically, there were no significant differences in case responses
among livestock keepers from wildlife livestock interface and those from the non-interface
area as well among districts of study.

Conclusion: The study found no significant difference in opinion among livestock keepers

from wildlife-livestock interface and non-interface areas as well as among study districts on



foot-and mouth-disease impacts. Higher percentages in case responses on social impacts and
economic losses indicated magnitude of the problem and feelings of livestock keepers about
FMD. However, lower percentage in case response on vaccine supply cost indicated that

there is no control of FMD by vaccination.

Key words: Interface, Social economic impact, FMD, Tanzania

Introduction

Foot-and-mouth disease (FMD) is an acute, systemic disease of domestic and wild cloven-
hoofed animal species and is caused by Foot and mouth disease virus (FMDV). Among
domesticated species; cattle, pigs, sheep, goats and water buffalo are susceptible to FMD.
Species of cloven-hoofed wildlife may also become infected, and the virus has occasionally
been recovered from other species as well (OIE, 2009). The disease is characterized by high
fever, loss of appetite, salivation and vesicular eruptions on feet, mouth and teats (Thomson,
1994). Mastitis is a common sequel of FMD in dairy cattle. The severity of clinical signs
varies with the strain of virus, exposure dose, age and breed of animals, host species and
immunity of the animal. Mortality from a multifocal myocarditis is most commonly seen in
young animals (OIE, 2009). The highly contagious nature of FMDV and the associated
productivity losses make it a primary animal health concern worldwide. FMD results in
poverty impacts either through production losses caused directly by the disease or the cost

implications for FMD prevention (Perry and Rich, 2007).

FMD was first reported in Tanzania since 1927, in Arusha Region and Kahama District
(Anonymous, 1927). Since then it has been reported every year, in almost every region.
Outbreaks are associated with livestock movements, and it has been observed that major
epidemics of FMD in Tanzania occur mostly during dry seasons and immediately after dry
seasons, when livestock as well as wildlife congregate at water points. The long distance
movement of livestock and wild animals for grazing increases during the drought periods.
Besides, there are increased animal movements for slaughter around the end of the year and
the time of religious festivals (Kivaria, 2003). During that time, animals are immuno-
compromised because of insufficient water, pastures and long distance movement. It is at
this time when animals from different places come into contact thereby increasing the risk of

spreading the disease. It is also at this time when livestock are grazed illegally in game



reserves and national parks resulting in livestock coming into contact with wild animals

which are considered to be carriers of FMDV.

The major problem in controlling FMD in Tanzania and why it is considered as the most
dreadful viral disease are its high contagiousness, wide geographical distribution, broad host
range, its ability to establish carrier status, antigenic diversity leading to poor cross-
immunity, and relatively short duration of immunity. Poor surveillance and diagnostic
facilities as well as inadequate control programmes add to the challenges in control of the
disease in Tanzania (Kivaria, 2003). Besides causing direct losses to livestock economy, it
also causes indirect losses in terms of severe trade restrictions, impacts which may be higher

than direct losses (Mlangwa, 1983).

Tanzania’s economy is mainly based on agriculture, a sector that employs about 85% of its
population. Livestock production, which has been increasing in the past years, is limited by
disease occurrence (e.g. FMD) and the presence of tsetse flies in wildlife protected zones in
large areas of the country (Picado et al., 2010). Tanzania is endowed with a large number of
animal resources heavily contributing to the wellbeing of its people by providing food
security, employment, raw materials, transport/working and manure for crop production.
According to 2007/2008 Tanzania livestock census (NBS, 2012), the country has a total of
2,329,942 households raising livestock. Tanzania ranks third in Africa in terms of cattle
population after Ethiopia and Sudan with 21,280,875 cattle followed by goats (15,154,121),
sheep (5,715,549) and pigs (1,584,411). Yet, livestock diseases, especially TADS, are
threatening the survival of this important resource for survival of a large number of
households. The contribution of livestock sub-sector to total GDP has been recorded to be
4.7 percent and grew at a rate of 4.2 percent, according to 2007/2008 livestock census (NBS,
2012). Out of the livestock share of GDP of 4.7 percent, 40% comes from dairy cattle, 30%
from beef cattle and the remaining 30% from shoats, pigs, poultry and game production.
This sub-sector contribution is considered far below what would have been expected and
most shortcomings can be attributed to presence of animal diseases that affect production
and impact on local and international trade of animals and animal products (NBS, 2012). Of
all TADS, FMD was mentioned as the most important livestock disease. Therefore, the aim
of this study was to determine the extent of the FMD problem among livestock keepers in

the two ecosystems and consider the best way of controlling the disease.



Materials and Methods

Study Area

The study was conducted in wildlife-livestock interface areas and non-interface areas in
Tanzania. Interface area covered the Serengeti ecosystem, which included areas around
Serengeti National park (Serengeti and Bunda Districts). Non-interface areas covered the

Central part of Tanzania (Kongwa and Iramba Districts).

Study Design and Sampling

A cross-sectional study design was used, whereby District Veterinary officers (DVOs) from
the study areas helped in identification of villages with prevailing and past FMD outbreaks.
Villages in wildlife-livestock interface areas as well as those in non-interface areas were
randomly selected. From the selected villages, livestock field officers (LFOs) assisted in
identifying the households which had more than 10 cattle and other animal species. The
households in each village were randomly selected (Lottery Method), and from each
household a questionnaire was administered to livestock owners on each herd (household).
Therefore, 40 households were interviewed, and the data obtained analyzed using the

Statistical Package for Social Sciences (SPSS v16.0).

Results

From the study, the majority of respondents were male with the following proportions: in
Serengeti 100%, in Bunda 90%, in Kongwa 80% and in Iramba 80%. The majority of
respondents were above 50 years of age with primary school level of education. Most of the
respondents had an experience of 11 to 20 years of livestock keeping, and the majority of
breeds kept were local breeds managed in agro-pastoral system. The majority of
respondents’ source of FMD knowledge was traditional, whereby the disease is known as
Salata in Iramba, Magaga in Kongwa, Isinabi in Serengeti and Iyoho in Bunda. All the
respondents were aware of clinical signs as well as sequela features of FMD. However, most
of them were not aware of the species of animals affected by the disease. In treatment, the
majority used traditional methods to treat the lesions by using Aloe vera, salt and kitchen
ashes. However, sometimes they wused modern drugs, mostly Penistrepto and

Oxytetracycline.



Livestock keepers’ responses regarding social and economic impacts associated with FMD

were as it is shown in Tables 1, 2 and 3

Tablel: Social impact associated with FMD outbreak case response between interface and
non interface area.

Social Impact of Case response % Statistical tests
FMD out breaks

Interface area Non interface area Chi-sq(P-Value)
Food insecurity 89.5 81 0.568 (0.451)
due to FMD out
break
Failure to meet 89.5 66.7 2.976 (0.085)

medical costs due
to FMD outbreak

Failure to meet

education costs 89.5 90.5
for school ’ ) 0.011 (0.916)

children

Table2: Social impact associated with FMD outbreak case response between study districts.

Social Impact Case response % Statistical test

of FMD out

breaks Serengeti Bunda Kongwa Iramba Chi-sq(P-
Value)

Food insecurity 90 90 90 70 2.253(0.502)

due to FMD out

break

Failure to meet 100 80 80 50 7.312(0.063)

medical costs

due to FMD

outbreak

Failure to meet 90 90 90 90 0.000(1.000)

education costs

for school

children




Table 3: Economic impact associated with FMD outbreak case response in study area

Economic Impact of FMD out Case response %

breaks

Milk loss 85
Drought power loss 80
Lower weight gain 60
Animal death 25
Lower fertility 37.5
Treatment costs 87.5
Loss associated with abortion 35
Vaccine supply cost 2.5
Denied Livestock market 67.5
Permanent lameness 22.5
Discussion

In this study, a total of 40 open-ended questionnaire copies were administered face to face to
livestock keepers in 4 districts from wildlife-livestock interface and non-interface areas of
Tanzania. The data collected showed that FMD was well known to farmers, and they are
well acquainted with the traditional knowledge. All the 40 respondents were aware of the
disease, its clinical signs, morbidity and mortality with exception of the species of animals
affected. The husbandry systems practised in the investigated herds were agro-pastoral with
free animal movements. The prominent clinical signs mentioned by most of the farmers
interviewed were: presence of vesicles in and around the buccal cavity, anorexia, excessive
salivation and lameness; heat intolerance and long hair coat locally known in the Sukuma
ethnic group of Bunda District as luzwiga and regarded as a sequela to FMD. The
questionnaire data showed that FMD outbreaks often occur after rainy seasons (dry seasons),
with less extent to rainy season and rare occurrence all the year round, despite variation in
climate. It was predominantly encountered with the highest peaks just after long rains
(masika) in May-June and at the end of short rains (vuli) in November-December. Farmers
were using salt, crushed sisals mixed with ashes, Aloe vera locally known as magaka in the
Sukuma ethnic group of Bunda to cure mouth ulcers as a local treatment. Modern treatment
was also practised by farmers by applying antibiotics (Penstreptomycin and Oxytetracyclin)
to protect infected animals from secondary bacterial infection. The study showed that the
majority of the respondents were males. Normally, in most parts of Tanzania, men dominate
and monopolize all means of production systems be it in pastoral or agro-pastoral system.
Majority of the respondents were people aged above fifty and had owned animals for up to
more than twenty years, something which indicates how experienced they were in livestock

management and livestock diseases.



From this study, the average case response percentages on impacts associated with social
issues were on food insecurity (85.0%), failure to meet education costs (90.0%) and medical
costs (77.5%). These findings are in agreement with those of studies done by Perry (2003);
Perry (1999) and Ellis, (1978) who reported that FMD productivity losses are particularly
hard hitting to those that depend upon their stock for traction, particularly where outbreaks in
cattle occur during planting season. With that effect, FMD outbreak during farming season
limits livestock keepers from using their animals for ploughing. In dry seasons the animals
cannot be used for transporting farm products from farms to homesteads and nearby crop
market places. In addition to that, quarantine for livestock movement becomes mandatory
following an FMD outbreak according to Animal Disease Act of 2003 in Tanzania. This
entails closure of formal livestock markets, making it difficult to buy and sell animals. With
such effect, livestock keepers are denied with means to raise money to buy food and meet

medical, educational and other expenses and utilities.

During the study, it was observed that majority of traditional livestock keepers rely on milk
and other milk products in daily meals as can be explained by high case response percentage
on economic issues in case of an FMD outbreak, which was found to be 85%. This finding
agrees with that of a study by Barasa (2008) who reported that, for many pastoralists, milk
provides a vital source of nutrition, particularly in children, accounting for over 50% of
gross energy intake. By reducing the supply of milk, FMD impacts on food security,
particularly when outbreaks occur during the dry season of the year, when other food sources
are in limited supply and dependency upon milk is at its maximum. Moreover, some other
studies have also reported that chronic FMD typically reduces milk yields by 80% (Bayissa
et al. 2011; Bulman & Terrazas, 1976).

Case response percentage of 2.5% on vaccine supply cost on economic impact have
agreement with the low contribution of the livestock sector to GDP as it indicates that there
are no efforts done to control FMD by vaccination. Considering a study done in other
countries on FMD control by vaccination, benefit-cost analysis revealed that effective
vaccination-based control of FMD in agro-pastoralist communities of South Sudan could
yield $11.5 for every dollar invested. Also, it has been shown that, for every $1 that
Zimbabwe disinvests from FMD control, $5 further are lost by the country (Perry et al.,

2003). Through this study, literature has shown that some countries found in the same



region (SADC) as Tanzania have invested in FMD control through vaccination and

benefitted much from the contribution of the livestock sector to those countries’ GDP, unlike

Tanzania irrespective of number of animals and land size suitable for livestock production.

Tables 5, 6 and 7 show trends of exportation of livestock and livestock products from

Tanzania and from other African-SADC countries with smaller land suitable for livestock

production and less number of livestock compared to Tanzania; yet their livestock sectors

contribute much to their GDP.

Table 4: Export of livestock and livestock products (2002-2008) (SNV,2008)

Period Product Quantity Value TShs Destination
(Yearly) Kgs/No
2002 Cattle 382 114,600,000 Comoro
Goats 140 2,800,000
2003 Cattle 1,714 599,900,000 Comoro and Burundi
Goat 411 10,275,000 Zanzibar and Comoro
Sheep 2 40,000 Zanzibar
2004 Cattle 5,293 1,945,640,000 Comoro, Burundi and Zanzibar
Goats 1,199 35,970,000 Comoro, Burundi and Uganda
Sheep 2 50,000 Zanzibar
Beef 1080 1,620,000 Zanzibar and Oman
2005 Cattle 4,075 1,684,550,000 Comoro, Kenya and Zanzibar
Goats 2,177 65,310,000 Kenya and Comoro
Beef 600 900,000 Zanzibar
2006 Cattle 6,486 2,808,040,000 Comoro, Kenya and Malawi
Goats 2,753 96,455,000 Comoro, Malawi and Zanzibar
Sheep 11 385,000 Zanzibar
Beef 163 244,500 Oman
Mutton 20,335 40,670,500 Oman, Dubai and Kuwait
Goat meat 16,774 33,548,000 Oman, Dubai and Muscat
2007 Cattle 4081 1,906,600,000 Burundi, Comoro and Malawi
Goats 736 29,440,000 Burundi, Comoro and Malawi
Beef 10,737 16,105,500 Oman and UAE
Mutton 76,592 153,184,000 Dubai, Kuwait and Oman
Goat meat 25,345.5 50,691,000 Dubai, Kuwait and Oman
2008 Cattle 561 384,450,000 Comoro and Zanzibar
Goats 213 10,650,000 Comoro and Burundi
Beef 6,234.5 15,588,750 Comoro, DRC and Oman
Mutton 16,648.5 33,081,200 Kuwait and Oman
Goat meat 6,861.5 14,093,000 Kuwait and Oman




Table 5: Board of External trade (BET) on imports and Exports 2007 (SNV,2008)

Import/Export Animal Origin/Destination Value Quantity
1D Product Tshs Kgs
Export Meat of Oman 310,973.00 163.00
0210200 Bovine
animals salted
or smoked
Imports Fresh or UK, Italy, Kenya,
0201 chilled S.Africa and 36,110,573.00 9,714.00
boneless Netherland
bovine meat
0202 Meat of Kenya, Italy, 603,430,384.00 72,511.00
bovine S.Africa, UAE and
animals frozen India
1602 Other UAE, Kenya, 129,912,202.00 197,371.00
prepared or German, UK,
preserved S.Africa, Bulgaria,
meat, meat Italy, China
offal or blood  Philippines and
Denmark

Table 6: Beef export from SADC states to the EU in the period 1995-2000 (Kivaria, 2003 as
adopted from Perry et al., 2003).

Country Amount in Metric tones

1995 1996 1997 1998 1999 2000
Botswana 11,966 10,373 11,851 13,012 11,518 11,140
Namibia 10,177 8,546 7,143 8,898 10,365 8,641
Swaziland 379 520 326 303 417 728
Zimbabwe 10,766 6,266 7,120 6,797 6,762 7,047

Socio-economic impacts of FMD do not need much emphasis. A number of studies have
already shown its importance. For example, in one study conducted in the UK following the
UK’s 2001 FMD outbreak, it was estimated that the outbreak cost £ 3.1 billion. US projects
about US$ 40 billion losses in case of any FMD outbreak (Ekboir 1999, Thompson et al.,
2002). This can almost be corroborated by Kivaria (2003), Perry and Grace (2009) who
reported that FMD is the most economically damaging trans-boundary livestock disease
worldwide and its control would also benefit the poorest livestock keepers. All these
observations are in agreement with the findings of this study recorded in Tables 1, 2 and 3.

The findings above are also supported by those of a study conducted by FAO whereby it was
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found that, overall, direct losses limit livestock productivity, creating food insecurity and
contributing to malnutrition. Furthermore, much of the global FMD burden of production
losses falls on the world’s poorest communities, and those which are most dependent upon
the health of their livestock (FAO-OIE, 2012). In addition to that, a study by Gall and
Leboucq, (2004) on questionnaire based survey of African veterinary services found, of all
ruminant bacterial and viral diseases FMD have the greatest impact on poverty to livestock

keepers.

Conclusion

This study found no significant difference in opinion among livestock keepers from wildlife-
livestock interface and non-interface areas as well as among study districts on foot and
mouth disease impacts. However, higher percentages in case response for every aspect in
both ecological zones indicated the magnitude and feelings of livestock keepers about FMD.
Moreover, low percentage response on vaccine supply cost conveyed the feeling that nothing
is done on controlling disease by vaccination. Considering the socioeconomic impacts of
FMD from the study and the importance of the livestock sector to Tanzania, FMD control
could result into significant change in poverty reduction among livestock keepers as well as

contribution of the livestock sector to GDP.
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4: Questionnaire survey

FOOT AND MOUTH DISEASE OUTBREAKS IN TANZANIA: MAPPING AND SOCIO-
ECONOMIC IMPACT IN RELATION TO ANIMAL MOVEMENTS IN SELECTED
WILDLIFE-LIVESTOCK INTERFACE AREAS

INTERVIEW SCHEDULE FOR INDIVIDUALS

SECTION A: STUDY AREA PROFILE AND ADMINISTRATION

Name of INtEIrVIEWET . ... .vve e

SECTION B: RESPONDENT PARTICULARS

1: Name of reSpondent. ...........cooeiiiiiiiiiiiiiiiiii e,
2: Sex of respondent: 1. Male () 2.Female ()

3: Age of resSpondent (YEArS).......vueeueiniiuerneiiiiiae e eeaeeeeaennn

4: Level of education: 1.No formal education...... 2.Primary education...... 3.Secondary education
4. Higher education...........

5: Main economic activities of respondent (Allow multiple responses): 1.Most practiced 6. Least
practiced.

S/No | Economic activity Participant response Rank
1 Crop farming
2 Livestock keeping and crop farming

3 Livestock keeping only




4 Salaried employment

5 Livestock Business

6 Other specity

6: Respondent position in a family: 1.Father.... 2.Mother ...... 3.Chidrean.... 4.salary

worker....5.Visitor.......
7: Years in livestock management..............c.coooeiiiiiiian...

8: Type of animals kept? (Allow multiple responses)

1. Sheep......... 2. Goat............ 3.Cattle ............. 4.Pigs..cccene.

9: Breeds of livestock kept 1.Local.................. 2. EXOtiC .covvveeeeieanne

10: Management system 1. Zero grazing.................. 2. Ranching .......... 3. Agro pastoral .............. 4.
Pastoral...............

SECTION C: GRAZING PATTERN, WATERING, HOUSING, MOVEMENT, TRADE

11: How do you graze your animals during rainy season? 1. Communal land ( ) 2.Private land ()
3.Protected land ()

12: How do you graze your animals during draught season? 1. Communal land ......... 2. Private land..... 3.
Protected land ............

13. Distance from residence to grazing area and watering area 1. Rain season.......... 2. Draught
SEASOM......ceeueee

14: How do animals drink water? 1. Communal points ( ) 2.Private points () 3. Protected land ( )
15: Have you ever grazed your animals in protected area 1. Yes............ 2. No..........

16: Have you introduced any new animal for the past five years? 1. Yes......... 2.No......

17: If yes, how did you get new animals? 1. Most used means 5. Least used means

S/No | Means/ways used Rank Number of animal introduced

Cattle Goat Sheep

1 Buying

2 Gift




3 Bride price

4 Temporary stocking

5 Other means

20: Where do you sell your animals? 1. Livestock local market.... 2. Nearby district.....3.Nearby
country........ 4. Athome.......... 5.0ther.............

21: How do you dip your animals? 1. Communal dip....... 2. Spray race..... 3. Private....
22: Do you have veterinary health centre in your area? 1. Yes.......... 2.No..........

23: If yes, how frequently does livestock field officer visit your herd in a month?

1. Once........... 2. Twice.......... 3. Thrice............ 4.0ther..........

24: Do you consult/call a livestock field officer for animal health services? 1
Yes......... 2.No..........

25: Qualification of LFO? 1. AHPC...... 2.AHD...... 3.AGC....... 4.0ther........cccovveenne (Specifie)

26: Do you have livestock market around? 1. Yes......... 2.No........

27: How frequent you visit livestock market 1.Weekly...... 2. Every 2 weeks.... 3. Monthly.......

SECTION D: DISEASES OF CATTLE,GOATS, SHEEP AND PIGS

28: What are the main diseases of cattle goats sheep and pig prevalent in your area? 1.FMD........ 2.
CBPP......... 3. Tickborn................. 4. Helminthosis............ 5. Other specify.........

29:What were the main clinical signs of the disease  mentioned in
P
30: Do you know the disease called FMD? 1. Yes......... 2. No..........

31: If yes, what was the source of Knowledge? 1. Livestock officer...... 2.Traditional.........
3.Media........ 4. Fellow farmers............ 5. Others..........

32: What are animals most affected with disease 1. Goat..... 2. Cattle....... 3. Sheep...... 4.pig...........



33: Is the disease in D1 happened to affect your flock. 1. Yes........ 2.No..........
34: If yes, when did it occur (Month)...............c.coveeiinein.

35: During the outbreak of disease which age mostly affected ? Rank 1.Most affected 2. Moderately 3.
Least affected

S/No. Age Affected Rank Number died
1 Newborns

2 Weaners

3 Adults

36: Is the disease occur frequently? 1. Yes......... 2.No......... 3.Don’t know...........

37: What is the local name for disease ..................
38: What are predominant clinical signs 1. Mouth............... 2. Foot......ccceeuenen.

39: What are complication associated with FMD after recovery 1. Hair........cccooiriiiinnnnnnien.
2.Behaviour.......c.ccccceeveenene

40: Can you estimate the ratio of animal which get disease and animals die during outbreak ?

S/n Morbidity Morbidity Mortality
(High/low)
(High/Low) (High/Low)
1 Cattle
2 Sheep
3 Goats
4 Pigs

SECTION E : DISEASE SPREADING

41: Is FMD outbreak associated with the following features?

S/N Risk factors Yes No

1 Livestock market

2 Communal Grazing area




3 Grazing on protected areas

4 Dipping

5 Visiting/visited/professionals from
infected herds

6 Introducing infected animal
7 Drugs used to treat animals

8 Wind

9 Others

SECTION F: FMD CONTROL

42: Which methods are you using to treat and control the FMD in your flock?

S/No. Treatment and control Response
1 Local treatment

2 Conventional treatment

3 Local control

4 Conventional control

5 Other specify

44: What is the source of vaccine used in your farm? 1. Neighbouring country............ 2. Government of
Tanzania........... 3. Private companies............. 4. Other specify........

45: If ever participated in vaccination against FMD, how many times this was done and when?

S/No. Frequency of vaccination Reponses
1 Once
2 Twice

3 Thrice




4 Other

46: What are your experience /comment on the effectiveness of FMD vaccination? 1. Very
effective......... 2. Not effective...... 3. Notsure............ 4. Other .........

SECTION G: SOCIAL ECONOMIC IMPACT ASSOCIATED WITH FMD OUTBREAK

47: Are the following losses common during FMD outbreak ?

S/N Loss Yes No
1 Milk production
2 Draught power
3 Lower weight gain
4 Dead animals
5 Lower fertility
6 Treatment cost
7 Abortion
8 Vaccination
Vaccine delivery and storage
10 Movement control
11 Denied market
12 Permanent lameness

48: Quantify the named losses in Tanzanian shillings per animal.

S/N Loss Quantity

1 Milk production

2 Draught power




3 Lower weight gain

4 Dead animals

5 Lower fertility

6 Treatment cost

7 Abortion

8 Vaccine

9 Vaccine delivery and storage
10 Movement control

11 Denied market

12 Permanent lameness

49: Are you willing to pay for control of this disease 1) yes.......... 2) NO v

50: How much can you pay per animal regarding the importance of disease...........cc.cceeuuee.

SECTION H: SOCIO-ECONOMIC WELL-BEING
51: Have you ever experienced any problems regarding the following issues during FMD outbreak?

S/N | Social well being Yes No

1 Fail to have meals as used to be in a family

2 Fail to take a member of family to hospital when is sick




3 Fail to pay school fees for secondary school children

4 Fail to be self sufficient in crops in next season

5 Fail to have water at house hold

52: Kindly please explain/ give remarks on how the mentioned social well being problem come in
because of FMD.

S/N | Social well being Remarks
1 Fail to have meals as used to be in a family

2 Fail to take a member of family to hospital when is sick

3 Fail to pay school fees for secondary school children

4 Fail to be self sufficient in crops in next season

5 Fail to have water at house hold
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NSP ELISA PLATE LAYOUT
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(3)eieiiicennns wevesswemnnesie () rove
1 2 3 4 5 6 7 8 9 10 11 12
A = T m il =¥ ) 47 = 59 € =5 Z3
B nc o n 15 E23 3¢ Efe 5 A 53 FE 24
C wpc Y i1 i 29 34 u5 3 G € 37 25 b
D wpe 4 [ 27 20 3T T3 Zg| &1 &= =z | Serenge
E pc s iz 1 ET; = U7 55 &3 i F4 27
F pc ? i 2 KR w©o L3 E [ T2 30 I
G R i? z5 3% Bl o9 ] Fr 73 = 5
H 2] [ I 26 L] & sV 53 £€ Fef 2 qo
NAME/ ID OF SAMPLES TESTED: U
PLATE NUMBER: ( 2. ) 247
DATE TESTED: STARTING TIME / / 2013, FINISHING TIME /! /2013
DATE TESTED: / /2013
ROOM TEMPERATURE: ( )
HUMIDITY: ( )
RESULTS: DATE ISSUED / / 2013 AND DATE APPROVED / / 2013
TEST CONDUCTED BY: (1) i [2Ys: LTI
3)... (4—] ......................................... (5)
1 2 3 4 5 6 7 8 9 10 11 12
A nce 3 1 [ 27 35 [FE} 2t E§] &7 7 2
B nc i e 20 238 £ iy 57 &e £% 3 2y
C wpc [ iz Zi 24 37 L5 51 &/ 9 77 £33
D wpc [4 (] 2 %0 33 e S £2 ES 73 2€| Bunda
E pc 3 15 23 2i 29 [7=3 5% e Y] EZ2 27
F pc g e Uy 3L Lo H€¥ 56 [773 L O L
G 1 ) 7] 25 22 *T] 4y &7 65 33 2/ 55
H 2 v TR FXA T (I3 U &6 FG BZ Go




NSP ELISA PLATE LAYOUT

SHEET NUMBER: ( 2 ) K )

NAME/ID OF SAMPLES TESTED: ..o s o 0 Tt e s eer s sveen s s e see st s senenenns
PLATENUMBER: ( 3 ) 243}

DATE TESTED: STARTING TIME / /2013, FINISHING TIME / /2013
ROOM TEMPERATURE: ( )

HUMIDITY: (

RESULTS: DATE ISSUED  / / 2013 AND DATE APPROVED / /2013

TEST CONDUCTED BY: (1) .ccceviiiiiniiiiannn S— (2)
(B ssssmaremussss s coss vsassrmasis gy [4) B e —
1 2 3 4 5 6 T 8 9 |10 11 12
A e 7 ] i 7 =] 4 4 ST =44 t7 5 3
B nc & rz 20 2% 4 Ly 5 60 €8 ¢ 2t
C wpc £ }2 20 9 2| 5 - 4] €5 72| 85
D wpc £ 7o o 20 3% He 5l &3 Fo =& B | Kongua
E pc 7 s 23 31 29 &4z 55 4 i 2?9 37
F pc 3 6 2 31 &9 43 56 &4 FL g0 238
G T G =z S =3 i 09 7 g5 7= Zi 29
H CR Jo 12 6 3f] 4 59 v LS 7 22 Ggex
\vembe

NAME/ ID OF SAMPLES TESTED: ...t ots e et ee et see s ees e eeseresen s ses esas snesesemsrssmen
PLATE NUMBER: { U ) ¢35

DATE TESTED: STARTING TIME / /2013,FINISHING TIME / /2013
DATE TESTED: / /2013

ROOM TEMPERATURE: ( )

HUMIDITY: (

RESULTS: DATE ISSUED [ / 2013 AND DATE APPROVED / / 2013

TEST CONDUCTED BY: (1] (z) G .
(32)-.: (4) w (5).
1 2 3 4 5 6 7 8 9 10 11 12
A - 3 T M 27 35 oz 51 o9 €] 75 Eard
B nc 4 [k} 20 22 77 iy S 6o 62 kTS B
C wpc 5 iz 2f 29 23 45 53 &l €9l  F7 a5
D wpc 4 @ 2L EL IS g1 = 62 o £ E3 .
= I I L - 2 - B 71 - I . i
F pc 2 76 24 Sh. 4o [T 56 [ F2 ¥o &Y
G T = E) 5| 22 41| 449 37 5[ =3 kT %5
H z fo 3 26 23 oz S| LY &6 e N b2




NSP ELISA PLATE LAYOUT

SHEET NUMBER: (
NAME/ID OF SAMPLES TESTED
PLATE NUMBER: ( 5 ) 47F
DATE TESTED: STARTING TIME / /2013, FINISHING TIME / /2013

Sertnaeti Bunde kKonawe £ lambe

ROOM TEMPERATURE: ( )
HUMIDITY: ( )
RESULTS: DATE ISSUED / / 2013 AND DATE APPROVED / / 2013
TEST CONDUCTED BY: (1) e (2) ettt e
3)... (4. ~(5)
1 2 3 4 5 6 7 8 9 10 11 12
A nc AT S| e | 52
B nc 94| qr| deo| 9z 96| G4
C wpc 5] Gx] qi| 94| G| 4¢
D wpc 7 9yl G2 10 9z gé
E pc G| 95| g1l 94 99| a9
F pc G8| 96| g9yl ge| o] 93
G U 99 9 95| 93] 93| a9
| H 92| doo 98 96| Gyl 4q2] ey

NAME/ID OF SAMELES TESTEDS swvomscusvsmsmssss s v s i s e itastnss
PLATE NUMBER: (

DATE TESTED: STARTING TIME / /2013, FINISHING TIME [/ /2013
DATE TESTED: / /2013

ROOM TEMPERATURE: ( )

HUMIDITY: (

RESULTS: DATE ISSUED / / 2013 AND DATE APPROVED / / 2013

TEST CONDUCTED BY: (1) (2)
(3} o (4) o (5)
1 2 3 4 5 6 7 8 9 10 [11 [12 |
A nc
B ne
C wpc
D wpc
E pc
F pc
G
H
wwers 1% - A1 — Moo - Sevenget
2™~ 91 — 100 - Bunde
ad _ 91 — doe - Kongwa

a 91~ dgo — lvambe.



5 plate kit for 450 samples
©®Prionics AG

Version 1.0_e

Foot and Mouth Disease (FMD) is the most important
economic threat to the livestock industry. The highly
contagious disease affects all cloven-hoofed animals
and is wide-spread over the world. The FMD viruses
are classified into 7 distinct serotypes which makes
diagnosis using conventional serological methods
complex. To control outbreaks in the future emergency
vaccination will be carried out. Vaccines consist of
(partly) purified structural proteins of the FMD virus
and therefore vaccinated animals only elicit antibodies
direcled against the structural proteins of the virus,
However, after infection with FMDV, antibodies di-
rected against the structural and the non-structural
proteins are produced. Therefore an ELISA detecling
antibodies against non-structural proteins of FMDV
detects not only infecled animals but also discrimi-
nates between infected and vaccinated animals.

The PriecCHECK® FMDV NS detects anti ies di-

Packagé Insert

Component 3

Dilution Buffer (2x)

{2x concentrated, dilute before use). One vial contains
60 m| Dilution Buffer.

Shelf life of the dilution buffer working solution:

24 hours at 5¢3T.

Component 4

Additive (lyophilized)

(Reconslitute and dilute befare use).

Five vials, each contains 2.5 ml lyophilized Additive.
Shelf life of reconstituted additive: until expiry date at

-20

Component 5
Demineralized Water
Two vials, each contains 10 ml Demineralized Water,

Component 6

recled against the non structural 3ABC protein of
FMDV. The ELISA detects FMDV infected animals
independent of the serolype that causes the infection
and independent of the fact that the animal is vacci-
nated or not. The ELISA can be used to test serum
samples of cattle, sheep, goats and pigs.

The PrioCHECK® FMDV NS is a blecking ELISA. The
Test Plates are coated with 3ABC specific monoclonal
antivody (mAb), followed by incubation with anligen
{3ABC prolein). Consequenlly, Test Plates of the kit
contain FMDV NS anligen captured by the coated
mAb.

The test is performed by dispensing the test samples
to the wells of a Test Plate. After incubation the plate
is washed and the Conjugate is added. FMDV NS
specific antibodies, directed against the non-structural
proteins, that may be present in the test sample will
bind to the 3ABC protein and will block the binding of
the mAb-HRPO. After incubation, the plate is washed
and the Chromogen (TMB) Substrate is dispensed
After incubation at room temperature (22+3C) the
color development is stopped. Color development
measured optically at a wavelength of 450 nm shows
the presence of antibodies directed against Foot and
Moulh Disease Virus.

The PriocCHECK® FMDV NS is a single dilution lest,
Serum samples are lested in a 1:5 dilution.

Ki

Compenents

Store kit at 5+3°C until expiry date. See kit label for
actual expiry date. The shelf life of diluted, opened or
reconstiluled components is noled below, when
appropriate. Chemical hazard data are available in
seclion "Safety Regulations and R&S Statements”
(Appendix Ii).

Component 1

Test Plate

Five Test Plates are delivered in bags which contain a
desiccant sachet.

Component 2

Conjugate (30x)

{30x concentrated, dilute before use)

One vial contains 2.5 ml Conjugate.

Diluted conjugate is not stable, prepare just before
use

Washing Fluid (200x)

(200x concentrated, dilute before use). One vial
contains 60 ml Washing Fluid.

Shelf life of washing solution: 1 week at 22+3TC.,

Component 7
Positive Control (Ready-to-use)
One vial contains 0.6 ml Positive Control,

Component 8
Weak Positive Control (Ready-to-use)
One vial contains 0.6 ml Weak Positive Control.

Component 9
Negative Control (Ready-1o-use)
One vial contains 0.6 mi Negative Control,

Component 10
Chromogen (TMB) Substrate (Ready-to-use)
One vial cantains 60 mi Chromogen (TMB) Substrate.

Component 11
Stop Solution (Ready-to-use)
One vial contains 60 ml Stop Solution,

Additional Kit Contents:
- Package Insert

- 10 plate sealers.

- Certificate of Analysis

- Additi

nal Material Required

General:
Laboratory equipment according to national safety
regulations.

Analysis of Results:

Plate Reader e.g. Multiscan EX or equivalent.

The reader has to have an appropriate filter set to read
the plates at 450 nm,

Optional:
Plate washer e.g. Tecan EIA Tray Washer or
equivalent.

Test'Procedu

Precautions
National guidelines for working with animal samples
must be strictly followed. The PrioGHECK® FMDV NS

For in-vitro veterinary diagnostic use only
Store at 5:3T
Product No.: 7610440

must be performed in laboratories suited for this
purpose.

Samples should be considered as potentially infectious
and all items which contact the samples as potentially
contaminated.

Chemical hazard data are available in section "Safety
Regulations and R&S Statements” (Appendix I1).

Notes
To achieve optimal results with the PrioCHECK®
FMDV NS, the following aspects must be considered:

. The Test Procedure protocol must be strictly
followed.

. All reagents of the kit must be equilibrated to
room temperature (22+3T) before use.

" Pipette tips have to be changed for every pipet-
ting step.

. Separate solution reservoirs must be used for
each reagent.

= Kit components must not be used after their
expiry date or if changes in their appearance are
observed.

L Kit components of different kit lot numbers must
not be used together.

- Demineralized or water of equal quality must be
used for the test.

" SOLUTIONS'TO BE MADE IN ADVANCE

Dilution buffer working solution

Dilute Dilution Buffer (2x} (Component 3) 1/2 in demin-
eralized water; e.g. for one Test Plate prepare 24 mi
{add 12 mi Dilution Buffer (2x) to 12 m! demineralized
water), Can be stored at 5:3°C for up to 24 hours.

Additive

Equilibrate the viai to 22:3C and reconstitute ' the
Additive (Component 4) with 2.5 ml Demineralized
Water (Component 5). Can be stored at -20°C until
expiry date. 4

ELISA buffer

Dilute reconstiluted additive 1/10 in dilution buffer
working solution; e.g. for one Test Plate prepare 24 ml
(add 2.4 ml reconstituted additive to 21.6 ml dilution
buffer working solution). Unused ELISA buffer can be
stored at 5:3C for up to 24 hours.

Conjugate dilution

Diiute Conjugale (30x) (Component 2) 1/30 in ELISA
buffer; e.g. for one plate prepare 12 mi (add 400 |
Conjugate (30x) to 11.6 ml ELISA buffer).

Note: The diluted conjugate must be prepared just
before use.

Washing solution

Dilute Washing Fluid (200x) {Component &) 1/200 in
demineralized water. The amount of Washing Fluid is
sufficient to prepare a final volume of 12 liters washing
solution.

Stability of washing solution: 1 week slored at 22+£37C.

! Reconstitulion of the iyophilized Additive Should bo performed as follows:
- Equilibrale the vial lo 22:3°C.

= Wilh the vialin an uprght position, tap the visl gontly against the
workiop a ansura thal the content is on the battom of the vial
Carelully open ine vial

Add the specifed amount of Demingralized Water {Camponant 5)
Replace (he stoppar on he vial and allaw the yophiized material 1o
dmsate.

Gently agiiale 1ho vial 5o thal any remaining dry matenal will b
dissanvod,

Allow th matarial 10 stand al least for 15 minutes 5t 22: 3T belore use
Wix ganily and nlermittently (formation of foam should be avoided),



Remark: Commercial available ELISA washers can be used. If
nat available, washing of the plates can be dane by dispensing
at least 200 pl of washing solution 10 all wells of the plate.
Subsequently, emply the plate and repeat as many times as
preseribed. It is not necessary 1o soak the plate between
washings. Tap the plate firmly after the last washing siep.

DAY 1
INCUBATION WITH TEST SERUM

1.1 Digpense 80 pl ELISA buffer to all wells of the
Test Plate (Component 1).

1.2 Dispense 20 p! of Negative Contral {Compo-
nent 8) to wells A1 and B1.

1.3 Dispense 20 pl of Weak Positive Control (Com-
ponent §) to wells C1and D1,

1.4 Dispense 20 ul of Positive Control (Cempao-
nent 7) to wells E1 and F1

1.6 Dispense 20 pl of test samples to the remaining
wells,

1.6 Seal the Test Plate using the enclosed plate
sealers.

1.7  Shake the Test Plate gently.

1.8 Incubate overnight (16—18 hours) at 22+3C.

DAY 2
INCUBATION WITH CONJUGATE

2.1 Empty the Test Piate after the incubation period
and wash the plate & imes with 200 to 300 pi
washing solution. Tap the plate firmly after the
last washing step

2.2 Dispense 100 yl of diuted conjugate to all
wells.

2.3 Seal the Tes! Plate using the enclosed plate
sealers,

2.4 Incubate 60+5 minules at 22+3°C.

INCUBATION WITH CHROMOGEN (TMB) SUB-
STRATE

3.1 Empty the Test Plate after the incubation period
and wash the plate 6 times with 200 to 300 i
washing solution. Tap the plate firmly after the
last washing slep

3.2 Dispense 100 pl of Chromogen (TMB) Sub-

strate (Component 10) to all wells,

.3 Incubate 20 minules al 2243°C.

4 Add 100 pl of Stop Solution (Component 11) to

all wells.

3.5 Mix the content of the wells of the Test Plate
prior 1o measuring.

Note: Start the addition of Stop Solution 20 minutes
after the first well was filled with Chromogen (TMB)
Substrate. Add the Stop Solution in the same order
and at the same pace as the Chromagen (TMB)
Subslrate was dispensed,

READING OF THE TEST AND GALCULATING THE
RESULTS

4.1 Measure the optical density (OD) of the wells at
450 nm within 15 minutes after color develop-
ment has been stopped.

4.2  Calculate the mean ODysq value of wells At and
B1 (Negative Control = ODygp max).

4.3 The percentage inhibition (P1) of the Controls
and the test sera are calculated according to
the formula below

The OD.s, values of ali samples are expressed as
Percentage Inhibition (P1) refative to the ODyz, max.

Gy, test sample

PI=100— |- x 100

ODys50 max

RESULT INTERPRETATION

Validation criteria

B The OD4sq max (mean ODugg of the Negalive
Control) must be >1.000.

5.2 The mean percentage inhibition of the Weak
Positive Control must be >50%.

5.3  The mean percentage inhibition of the Posilive
Control must be »70%.

54 Mot meeting any of these criteria is reason to
discard the results of that specific Test Plata.

Note: If the ODysq of a test sample is higher than the
00,50 max, the Percent Inhibition can be interpreted
as 0%. Il the mean ODye, of the Negative Control is
betow 1.000 possibly the Chromogen (TMB) Substrate
is too cold. In that case warm the solution to 2213°C or
incubate up to 30 minutes. If the mean D,y of the
Negative Control is above 2.000 a shorler incubation
period with the Chromogen (TMB) Substrate is rec-
ommended.

Interpretation of the percent inhibition

Pl = <50% (negative)
Antibedies against the NS protein of FMDVY are absent
in the test sample.

Pl = 250% (positive)
Antibodies against the NS protein of FMDV are pre-
sent in the test sample.

Appendix | :

Notice

This manual is believed to be complete and accurats
at the time of publication, [n no event shall Prionics AG
be liable for incidental or conseguential damage in
connection with or arising from the use of this manual.

Liability

Pricnics AG wamrants its products will meet their
applicable published specification when used in
accordance with their applicable instructions and
within the declared products life time. Prionics AG
makes no other warranty, expressed or implied. There
is no warranty of merchantability or fithess for a par-
ticular purpose. The warranty provided herein and the
data, specifications and descriptions of Prionics AG
products appearing in Prcnics AG published cata-
logues and product literature may not be altered
except by express written agreement signed by an
officer of Prionics AG. Representation, oral or written,
which are inconsistent with this warranty or such
publications are not authorized and if given, should not
be relied upon.

In the event of a breach of the foregoing warranty,
Prionics AG’s sole obligation shall be to repair or
replace, at its option, the applicable product or part
thereof, provided the customer nolifies Prionics AG
promptly of any such breach. If alter exercising rea-
sonable efforts, Prionics AG is unable to repair or 2)
replace the product or part, then Prionics AG shall
refund to the customer all monies paid for such appli-
cable product or part

Prionics AG shall not be liable for consequential,
incidental, special or any other indirect damages
resulling from economic loss or property damage
sustained by any customer from the use of its prod-
ucts.

Prionics AG and Prionics Lelystad B.V. are 1SO
9001;2000 cerified companies.

Safety Regulations and R&S Statements

National Safety Regulations must be strictly fol-
lowed.

R&S Statements

Component 1

Test Plate

Harard Code: This product is not classified according
o EU regulations.

Component 2

Conjugate {30x)

Hazard Code: This product i1s not classified according
to EU reguiations.

Component 3

Dilution Buffer (2x)
Hazard Code: This product is not classified according
to EU regulations,

Component 4

Additive {lyophilized)

Hazard Code: This product is not classified according
o EU regulations,

Component 5

Demineralized Water

Hazard Code: This product is not classified according
o EU regulations.

Compeonent 6

Washing Fluid (200x)

Hazard Gode: This product is not classified according
to EU regulations.

Component 7

Positive Control (Ready-to-use)

Hazard Code: This product is not classified according
to EU regulations,

Compenent 8

Woeak Positive Control (Ready-to-use)

Hazard Code: This product is not classified according
ta EU regulations.

Component 9

Negative Control (Ready-to-use)

Hazard Code: This product is not classified according
to EU regulations.

Component 10

Chromogen (TMB) Substrate (Ready-lo-use)
Hazard Code: This product is not classified according
to EU regulations.

Component 11

Stop Solution (Ready-lo-use)

Hazard Code: R35: Causes severe burns.

826: In case of contact with eyes, rinse immediately
with plenty of water and seek medical advice.
S36/37/39: Wear suiltable protective clothing, gloves
and eyefface protection.

545 In case of accident or if feel unwell, seek medical
advice immediately (show label an vial).
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